SPECI FI CATI ON Di agnostic Mechanismin Differential Pressure Type Mass Fl ow
Controller FIELD OF THE ART This invention relates to a flow controller
that controls a flowrate of a fluid such as a 5 gas or a liquid in a

sem conduct or manufacturi ng process. BACK ND ART Conventionally, for a
flowrate control unit represented by a pressure type flow controller
known is a nozzle diagnostic nmechanismthat can diagnose abnormality of a
fl ow channel narrowi ng nozzle and a piping systemconstituting a fl ow
channel locating on a 10 downstream side of the nozzle. This kind of the
nozzl e di agnostECHRECARNPS M conpri ses a control section that nakes it
possi bl e to di agnose an inside flow channel narrowi ng nozzle by reading a
time depending change of .a gas pressure value insjde the flow channel in

conj unct i on wilt!REIgHIC ﬁ%ﬁﬁ%mﬁé@ﬁﬂﬁV@Hﬁﬁ%wéﬂy%ﬂﬁﬁ%E@WVéWGQRénd aflowrate
adjusting valve at a tine of self 15 diagnosis in a state that the flow

rate adjustin : ed and the close valve is open. Then, in case
that no abnor%gr?b E;?gﬁéﬁ?n the gas flow channel, a curve |line of the

ti me dependi ng change of the gas pressure val ue neasured at a tinme of

conducting a self ditagnRatontbizls b ho® ‘é&ﬂ1 oﬂé tﬁ’at BR%Gk 8 16H 2dc SRIGId H85asd
curve line that al nost overlaps a specif

5 gasoraliquid in a semiconductor manufacturing process.
BACKGROUND ART

Conventionally, for a flow rate control unit represented by a pressure type flow
controller known is a nozzle diagnostic mechanism that can diagnose abnormality of a flow
channel narrowing nozzle and a piping system constituting a flow channel locating on a

10 downstream side of the nozzle.

This kind of the nozzle diagnostic mechanisim comprises a control section that
makes it possible to diagnose an inside flow channel narrowing nozzle by reading a time
depending change of'a gas pressure value inside the flow channel in conjanction with an
oper/close movement of a close valve and a flow rate adjusting vatve at a time of self-

15  diagnosis in a state that the flow rate adjusting valve is closed and the close valve is open.

Then, in case that no abnormality exists in the gas flow channel, a curve line of the
time depending change of the gas pressure value measured at a time of conducting a self-

diagnose (t==0~At) such as a nozzle clog describes a curve line that alimost overlaps a speeitfied



value. On the contrary, in case that the flow channel narrowi ng nozzle is
clogged, a descending speed of an initial pressure slows froma start (at

atime t=0) of the self-diagnosis tinme as.,shown in a virtual line. Mre
specifically, at a tune when the tine depeﬁdlng change curve |line of the
gas pressure is abnormal, it can be known that the abnormal curve line is 5

attributed to the clogged nozzle (refer to patent docunent |). Patent
docunent 1: Japan patent | aid-open nunber 2000-214916 DI SCLOSURE OFTHE

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON However, since whether the
nozzl e is cl oggkd obnthotoritsry] indge thaf thofiovacignad nemtvirgfnottiers clb@eedur ve | i ne,
for exanmple, in case of diagnosing the abnormality in a differential

pressure type . mass flow controller, there is a problemthat an error m ght
he generated i98SHEg ersetian g ressyse e iEona p stath(f HiimeEAL teselfiaener se i f
there is a peak d|p noi se in the curve line. The present cl ai nred |nvent|on

d |
oS oot o i Mo Plp AORuRERS) SR BB TRLDe B B o Pha o EaL ' O

clogging 1.5 in the resistive elenent (also referred to as the

differential RLASHHS &1 teebmeﬁle.fsm@ea{a@oﬁmﬁlt it V& R IEHIBNh) thd a!sﬁmhﬂﬁcuﬂ%ﬁ&e or
ot her resi dual gas exXi st ng In the forner process so as to |agnose

whet her or not there is the abnormality with high accuracy for a short
period of &i mattribuddANGe ToEOLVElcTHE:r RREBREMBBent 1).

Patent document 1:  Japan patent laid-open nurmber 2000-214916
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
However, since whether the nozzle is clogged or not is judged from a gradient of the
10 curveline, for example, in case of diagnosing the abnormality in a differential pressure type
mass flow confroller, there is a problem that an error might be generated in the judged result
because of an influence from a noise if there is a peak dip noise in the curve line.
The present claimed invention intends to solve all of the problems and a main object
of this invention is to provide a flow rate control unit that can find a problem such as clogging
15  intheresistive element (also referred to as the differential pressure generating resistive
clement) like the nozzle or other residual gas existing in the former process so as to diagnose
whether ot not there is the abnormality with high accuracy for a shott period of time.

MEANS TO SOLVE THE PROBLEMS



More specifically, a mass flow controller or a diagnostic nmechanismin the
mass flow controller in accordance with this invention is characterized by
conprising a valve control signal output §ection that outputs a signal for
maki ng a valve arranged in a flow channel “wherein a fluid flows in a

cl osed state, a signal receiving section that receives a 5 detection signal
frompressure sensors arranged at an inlet side and an outlet side of a
differential pressure generating resistive elenent arranged in the flow
channel respectively, in a state that the valve is closed, a diagnostic
par anmet er cal cul at i ngosepdcifonly hatss dab caltatlesr adiagicagmoshindsnpiatiamedser
havi ng a val ue based on a tine-integrated value of the pressure during an
interval while ,a pressure at the inlet side or the outlet side obtained
from the det eclaewniplighmiaceeiapsanialis ivetionisshegdrigrhhremprsivgt vaheessur e to
a predeterm ned second pressure, and a conparing section that conpares a

I f th ' St | ith [ I d 1,ned ified
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control valve constituting a flow controller such as a differenti al
pressure type JxRsslfhom Sond nakdgh cﬁ;&?ﬁ@f@?@%{%@&p@éﬁ%& s:l:éioﬁ ol 8RS 2

differential pressure type MFC), and may” | ncl ude ot her val ve
(for exanple, a valve arranged separately froma valve for a flow

control | er Sof datedichfsgnafibhglresspe €38 Srahydat Midlcailc ilardQua sitle eam or
upstream of the valve for the flow controller), and it may be not only the

flow rate control valve but also just an open/close valve. 4 _ _
differential pressure generating resistive element arranged in the flow channel respectively, in

a state that the valve is closed, a diagnostic parameter calculating section that calculates a
ciagnostic parameter having a value based on a time-integrated vatue of the pressure during an
interval while a pressure at the inlet side or the outlet side obtained fiom the detection signal
10 changes from a predetermined first pressure (o a predetermined second pressure, and a
comparing section that compares a value of the diagnostic parameter with a previously
determined specified value,
It is a matter of course that “the valve’™ includes a flow rate control valve constituting
a flow confroller such as a differential pressure type mass flow controller (hereinafter also
15 called as a differential pressure type MFC), and the “valve” may include other valve (for
example, a valve arranged separately fiom a valve for a flow controller of a differential
pressure type MEC on the downstream or upstream of the valve for the flow controller}, and it

may be not only the flow rate control valve but also just an open/close valve.



Wth this arrangenent, since the tine-integrated value of the pressure
during the interval while the pressure changes in the certain range (from
the first pressure to the second pressure) after the valve is closed is
utilized in order to detect the abnornalit§ of the differential pressure
generating resistive elenent of the nozzle, even though there is, for 5
exanpl e, a local peak dip noise in the pressure value, the tinme-integrated
value of the noise is small. As a result, it is possible to nake an

i nfluence; on detection and judgnment of the abnormality extrenely snal
conpared w th a convéiihdnatng@neangentatineonithatd ahicachu pasyre duonglet ect t he
abnormality can be largely inproved. The di agnostic paraneter naybe based
on the tinme-integrated value of the pressure, for exanple, in addition to
the time-int egigfdyhilg hearearomangseingheosdan wnge @emphe fp prastep dreeerordl ue of
a mass flowrate or an integrated value of a volune flow rate that can be

cal cul ated based on . the time-integrated value of the pressure, or a value
obt af ned by o BeRroar PR ER AU S Rt BRI el ot on
equation. In addition, since the pressure change of the flow channel

vol une bet wee Qﬁﬁ\é’&tiﬂ[%‘&ﬁn‘@&q&ﬂﬂ% ressHifd LS bithe REAS %{if]&]‘?h&lﬁ,ﬁ] BLRLd RY
resistive elenment 1s utilized 1M this invention so that there is no 15 need
of a mechani sm dedi cated to diagnosis of abnormality such as a reference
i nstrument 5f orexagle iafldcapgichlodip asisedn iR Plessutd vahe aneR PRSI Maud o thawwit isa cost
Wi t hout conmplicating a gas line. Furthernore, in case that the flow
channel volume is so small that can be considered to be a dead vol une
bet ween the vamal abdk ehd, it poseibler ingltc ap iidbisineen deemsipatidigignmesi o thev e
element, it is 5
abnormality extremely small compared with a conventional arrangement so that an accuracy
to detect the abronmality can be largely improved.  The diagnostic parameter may be based
on the time-integrated value of the pressure, for example, in addition to the time-integrated
10 wvalue of the pressure itself, an integrated value of'a mass flow rate or an infegrated value of a
volume flow rate that can be cajculated based on the time-integrated value of the pressure, or a
value obtained by substituting these values into a predetermined calculation equation.  In
addition, since the pressure change of the flow channel volume between the valve and the
differential pressure generating resistive element is utilized in this invention so that there is no
15 need of a mechanism dedicated to diagnosis of abnormality such as a reference mstrunent for
verification or a fank, it becomes possible to fower a cost without complicating a gas line.

Furthermore, in case that the flow channe] volume is so smalf that can be considered to be a

dead volume between the valve and the differential pressure generating resistive element, it is



possible to extrenely shorten a tinme period while the pressure changes from
the list pressure to the second pressure that specifies the tinme for

di agnosis. Then in case of applying this to, for exanple, a sem conductor
process unit, it becomes possible to conduét a diagnosis during a process
peri od, mhich can be said in real tinme, by making use of a short period of
time while 5 exchanging the gas or the like. Mire specifically, it is
possible to provide a flow rate control unit or a diagnostic nechanismin
a flowrate control unit that can find a problem such as clogging in the
resistive el gussiile bickieenidiesho@nzltigneplri@kiSlciittr@bitethan@s itudlc Bascs8@cas to
di agnose whether or not the abnormality exists with high accuracy for a
short period of time with a sinple structure. 10 In order to securely
recogni ze gende esewandicsire hatesialtictipcifor didgaosises Thaniiv ensedlappling thiste, i s
preferable to conprise a diagnostic result output section that outputs the
exi stence of bnor |Itﬁ in case that . t e value Ldthe di agnost j

paranmeter diff r“§‘“¥‘? BriSEHEOK DRy St L\’/l%éplI RECoMgIEORIUR SEYIpE @ 'E'Pﬂ&ﬁ%%}‘mgnay

conprise the diagnostic paranmeter calculating section that cal cul ates a
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the fl ow channel is arranged drops fromthe first pressure to the second

pressure, Baﬁﬁk&mﬂHMg@@%QbiﬁghMﬁ di agnostic type by neans of a nmass fl ow
rate integrated va ue of a lamnar flow element resistive elenent and gas

| aws (Gas Law check of Integrated Fl ow Equation ("G LIFE")). 6
More specifically, it is possible to provide a flow rate control unit or a diagnostic

mechanism in a flow rate contro} unit that can find a problem such as clogging in the resistive
element fike the nozzle or existing other residual gas so as to diagnose whether or not the
abnormality exists with high accuracy for a short period of time with a simple structure.

10 In order to securely recognize generation of the abnormality in the resistive element,
it is preferable to comprise a diagnostic result output section that outputs the existence of
abnormality in case that the value of the diagnostic parameter differs from the specified value.

The diagnostic mechanisim may comprise the diagnostic parameter calculating
section that calculates amass flow rate integrated value during the interval while the pressure

15 at the inlet side where the flow rate control valve that closes the flow in the flow channel is
arranged drops from the first pressure (o the second pressure, namely may comprise, a
diagnostic type by means of a mass flow rate integrated value of a laminar flow element

resistive clement and gas laws (Gas Law check of Integrated Flow Equation (“G-LIFE™).



Meanwhi | e, the diagnostic paranmeter calculating section may cal cul ate a
mass flow rate integrated value during the interval while the pressure at
the outlet side where the flow rate contrgl val ve that closes the flowin
the flow channel is arranged rises fromthé first pressure to the second
pressure, and may conprise, so cal led, a ROR (Rate of rise) diagnostic 5
type. If the differential pressure generating resistive elenent is a

| am nar flow el ement and the lamnar flow el enent has a nonlinear
property, it is possible to make the pressure change relative to the flow
rate change bi g in avitawhild, owdapeahardutoer nadéalinpeccprassunieulebanges it ati ve
to the flowrate change small in a high flow area, resulting in obtaining a
flat flow rate 10 accuracy collectively (The error in any flowrate area
becomes a cer /&P AiqgEidyalug dging dwditeiyal Wi e pressueeat the guffct sidesylipeche faw
pressure used for diagnosis can beset anDng a pressure (flow rate) of a
broad range, rov tlc ac ura oncrete
arr angenent ofm&“ﬂ?ﬁ@?ﬁ?@“ﬁ%ﬁ§%$gﬁ%ﬁP3@3% Q%P%*Fﬁ%f%f @mbﬁéggﬁﬁéqsensor
conprises absolute pressure sensors each of which is arranged at the inlet
side and the ouilgly ﬂla%t&h&jﬁcﬁbrctcﬁ@ ngig%lﬁgl?s@,tsjo%Ji]leH,raQ@Iy S AFHES géﬁ%&guc
resistive element respectively, or ressure sensor conpris

absol ute pressure sensor arranged at elther one of the inlet side and the
outlet of stheywd fferential pressure generating resistive elenent and a
differential pressure type sensor arranged between the inlet and the

outlet. As a preferable arrangenment represented is that the valve control
si gnal out put If the differential pressure generating resistive clement is a laminar flow clement and

the laminar flow element has a nonlinear property, it is possible to make the pressure change
relative to the flow rate change big in a low flow area and to make the pressure change relative
to the flow rate change small in a high flow area, resulting in obtaining a flat flow rate
10 accuracy collectively (The error in any flow rate arca becomes a certain ratio to a reading
value).  As aresult, since the pressure used for diagnosis can be set among a pressure (flow
rate) of a broad range, it is possible to improve a diagnostic accuracy.
As concrete arrangement of a pressure sensor represented is that the pressure sensor
comprises absolute pressure sensors each of which is arranged at the inlet side and the outlet
15 side of the differential pressure generating resistive element respectively, or the pressure sensor
comprises an absolute pressure sensor arranged at either one of the infet side and the outlet of
the differential pressure generating resistive element and a differential pressure type sensor

arranged between the inlet and the outlet.



section outputs a signal to make the valve in the closed state on the
condition that the pressure detected by the pressure sensor shows a
predet erm ned val ue. The condition varies _depending on a position of the
valve relative to the differential pressuré generating resistive 5 el enent.
Concretely, in case that the valve is arranged on the upstream side of the
differential pressure generating resistive elenent, the above-nentioned
condition is that the pressure detected by the pressure sensor at the
inlet side shows a value higher than the first pressure as being a start
pressure. Meanwhil e, Adaprefasic birdperhdrerop@baned isshatheangednos stehs odgunst r eam
side of the differential pressure generating resistive elenent, the
above-nentioned condition is that 10 the pressure detected bY t he pressure
sensor at the SN ey dugshiowskathe silvuen iowlsedsigrontthecopdifiet that fregssire as
being a start pressure. In accordance with this arrangenent, a self

di agnosis can pe conducted at a desired timng during a sequence to
automatical |y dgr(‘}?f?(&@l%? PESHepPEr SRR YA Prsfeisganehvafugp eﬂi‘?&é"é‘ﬁ?(l"o‘wmc ontrol | er
by inputting the desired timng by a user. Concretely, in case that, for
exanpl e, 15 thg J@}ﬁailng Enk ﬁo. foh %ﬂgg?ﬂ\(fl’r}eltﬂ% t%ﬂ@ Iﬁhﬁ%ﬁ] d?élgs%mg frex{enﬁan di ffigpenti al
pressure generak|ng resistive element, the val've 1's opéefa 8d 20 4S to nmmke
the pressure detected by the inlet side pressure sensor higher than the

| ust pressyre camehel Dgndidigly, 5t @kd hRAURSANE & afiithed et iéﬁt’&gn Wiest ttcduercusies
desires to conduct the diagnosis can be designated during the sequence by a
description that a 8 signal to nake the valve in the closed state is

out put to the preaduwegeooningotsiss vaphahend thepbivesemtioned condition is that the pressure

detected by the pressure sensor at the inlet side shows a value higher than the first pressure as
being a start pressure.  Meanwhile, in case that the valve is arranged on the downstream side
of the differential pressure generating resistive element, the above-mentioned condition is that

10 the pressure detected by the pressure sensor at the outlet side shows a value lower than the first
pressure as being a starl pressure,

In accordance with this arrangenent, a self diagnosis can be conducted at a desired
timing during a sequence to automatically contio] the differential pressure type mass flow
controller by inputting the desired timing by a user. ~ Concretely, in case that, for example,

15 the valveis arranged on the upstream side of the differential pressure generating resistive
clement, the valve is operated so as to make the pressure detected by the inlet side pressure
sensor higher than the first pressure as being the start pressure and the timing when the user

desires to conduct the diagnosis can be designated during the sequence by a description that a



As nentioned, since it is possible for the user to designate a point when
the user conducts the self-diagnosis with a sinple operation such as

i nputting the point when the user desires to conduct the self-diagnosis
during the sequence, there is no need of a%ding a special command 5 and it
is possible to incorporate this arrangenent into a conventional system
easily. As a nmass flow controller, to which the present clainmed invention
is applied and whose effect becones remarkable, represented is a
differential pressure type nass flow controller. A concrete arrangenent of
t he differ ent isgnalps essithevdlwpethrassdbhew et Hhald ke t@trobiablactpar deaed. by
conprising a flow rate control valve arranged on a fl ow channel where a 10
fluid flows, a differential pressure generating resistive elenent that
conpri ses an i4dremtpppdosinogHiisgtessitiefof thesgr Pldesgnaty afmpobnvbdndhdysegonrdieie theont r ol
valve is introduced and an outlet from which the fluid is discharged and
that generates a.differential pressure between éhe inlet and the outlet,

an i niet si de CEAEEISE HE 1 PP PEAGRS I OR NS B e PEIt HED {135 SRURHEI at 1 he
inlet side and that detects a pressure of the fluid flowing in the flow
channel, an o r . | ow
channel art nePuie] B SR BEANR AR skt B A AR PR Bl
flowing in the fl ow channel, a diagnostic paranmeter cal culating section

t hat obtaiBs and mi‘p‘é&sle&anc@%@ﬁ 2cMiSSFaiRbnVidlodRohveRibngl pi@s sdie val ue at
the inlet side sensor that drops in case that the flowrate control valve
is changed froma flowrate control state to a closed state by 9 neans of
i ntegrating cal cul atisemmandow batrofan e Weich bbpabasclamdd myentist iseppliol ande  val ue
by

whose effect becomes remarkable, represented is a differential pressure type mass flow
confroller. A concrete arrangement of the differential pressure type mass flow controller is
characterized by comprising a flow rate control valve arranged on a flow channel where a

10 fluid flows, a differential pressure generating resistive element that comprises an inlet into
which the fluid flowing from the flow rate control valve is introduced and an outlet from
which the fluid is discharged and that generates a differential pressure between the inlet and
the outlet, an inlet side sensor that is arranged continuous to the flow channel at the inlet side
and that detects a pressure of the fluid flowing in the tlow channel, an outlet side sensor that is

15  arranged continuous to the flow channel at the outlet side and that detects a pressure of'the
fluid flowing in the flow channel, a diagnostic parameter caleulating section that obtains a
mass flow rate integrated value from a pressure value af the inlet side sensor that drops in case

that the flow rate control valve is changed from a flow rate control state to a closed state by



substituting the obtained mass flow rate integrated value into gas |aws,
and a conparing section that conpares the diagnostic vol une val ue obtai ned
in the diagnostic paraneter cal culating s%cti on with a specified volune
value. 5 In addition, the flowrate control unit nmay be a differenti al
pressure type mass flow controller characterized by conprising an upstream
side flowrate control valve and a downstream side flow rate control valve
arranged on a flow channel where a fluid flows, a differential pressure
generating resistive elenent that conprises an inlet into which the fluid
fl1 owi ng from thensipSttiegamesaidéatibh e hatietheomtdsla daghosge vadurmenahedyced and an
outlet fromwhich 10 the fluid is discharged and that generates a
differential pressure between the inlet and the outlet, an inlet side
sensor that i subfiiEingdaokane mssliew tag nhgaed vluanaspeivamdarempringt si de
and that detects a pressure of the fluid flowing in the flow channel, an
outlet side sensor that i _s‘@r‘r.ap}%ed‘ ﬁon\t ir]nuous. to t rlq.,f | ow channel at the
outlet side andPREP FEwaEs B dagPEEagrBcypiue fEaiped ik BefaghisiePar i he 1 ow
channel, a diagnostic paranmeter cal culating section that obtains a nass
flowrate 15 inteanatedol Aleqlliom RIRLERKr € value at the outlet side
sensor that rises in case that the dlownst ream side flow rate control valve
is changed froma flowrate control state to a closed state by neans of

i ntegrating cal cul atrh afliteadhé Mat rafe%ﬁmnnigha}asem&lﬁﬁ:r@magmﬁé ©Optist By val ue
by substituting the obtained mass flow rate integrated value into gas

| aws, an a conparing section 10 that conpares the diagnostic volune val ue
obtai ned in t lkentdileghassitrizepar @mptisng gaipstdaatsidediow rate control valve and a

downstream side flow rate control valve aranged on a flow chamel where a fluid flows, a
differential pressure generating resistive element that comprises an inlet into which the fluid
flowing from the upstream side flow rate control valve is introduced and an outlet from which
10 the fluid is discharged and that generates a differential pressure between the inlet and the outlet,
an inlet side sensor that is amanged continuous to the fiow channel at the inlet side and that
detects a pressure of the fluid flowing in the flow changel, an outlet side sensor that is arranged
continuous to the flow channel at the outlet side and that detects a pressure of the fluid flowing
in the flow channel, a diagnostic parameter calculating section that obtains a mass flow rate
15  integrated value from a pressure value at the outlet side sensor that rises in case that the
downstream side flow rate control valve is changed from a flow rate confrol state to a closed
state by means of integrating calculation and that farther obtains a diagnostic volume value by

substituting the obtained mass flow rate integrated value into gas laws, an a comparing section



section with a specified volume value. EFFECT OF THE INVENTION 5 In
accordance with this invention, it is possible to find a problem such as
clogging in the resistive clement (the differential pressure generating
resistive elenent) |like the nozzle or exi%&ing ot her residual gas in the
foul er process and to di agnose whether or not there is abnormality with
hi gh accuracy for a short period of time. BRI EF DESCRI PTI ON OF THE DRAW NGS
10 Fig. | is a pattern diagram show ng a device configuration of a
differential pressure type mass flow controller in accordance with one
enbodi ment of thiticempamselnt di@nostiEvguma vilse dbtahied 61 thodiahosephigueaticoatg agr am
of the differential pressure type nass flow controller of this

enbodi mrent. Fig. 3.is a diagramfor explaining a pressure drop anount at
an inlet side %$eigaithjpgpecisd yoiige eisodi nent. Fig. 4 is a di agram for
explaining a mass flowrate integrated value in this enbodinent. Fig. 5is
a flow chart showi ng an operation of the differential pressure type anass
11 flow controller of fins enbodinent. Fig. 6 is a pattern diagram show ng
a device configuration of a differential pressure

EFFECT OF THE INVENTION
5 In accordance with this invention, it is possible to find a problem such as clogging in
the resistive element (the differential pressure generating resistive element) like the nozzle or
existing other residual gas in the former process and to diagnose whether or not there is
abnormality with high accuracy for a shott period of time.
BRIEF DESCRIPTION OF THE DRAWINGS
10 Fig. 1 is a pattern diagram showing a device configaration of a differential pressure
type mass flow controller in accordance with one embodiment of this invention.
Fig. 2 is a functional confi guration diagram of the differential pressure type mass
flow controfier of this embodiment,
Fig, 3 is a diagram for explaining a pressure drop amount at an intel side sensor in
15 this embodiment.
Fig. 4 is a diagram for explaining a mass flow rate integrated value in this
cinbediment.

Fig. 5 is a flow chart showing an operation of the differential pressure type mass



type mass flow controller in accordance wth another enbodi nent of this
invention. Fig. 7 is a functional configuration diagramof the differenti al
pressure type mass 5 flow controller of tBLs enbodinment. Fig. 8 is a

di agram for explaining a pressure rise anount at the outlet side sensor in

this enbodiment. Fig. 9 is a diagramfor explaining a nmass flow rate
integrated amount in this enbodinent. 10 Fig. 10 is a flow chart show ng
an operation of the differential pressure type nass flow controller of
this enbodinent. Fig. | 1 is a pattern diagram show ng a device

conf i gur at i on fbofv @nidilkf ditlentmtaidinpmessure type mass flow controller in
accordance with anot her enbodi nent of this invention. Fig. 12 is a pattern
di agram showi ng a device configuration of a differential pressure 15 type
mass flow control | effi§ R isubegaganiherng afevie coighpeete ddiessn! psHtcof
this invention. Fig. 13 is a functional configuration diagramof the

differential pressure t ‘IJSS\\kaMLCQHIr.[[pr f another epbodi nent of
this inventi oﬁ?’pc§§§rﬁcﬁ‘}t¥5&§0 g NG ]FIWEN%]B% (’? I bodi nent  of
this invention will be explained with reference to Fig. | through Fig. 5.
Fig. 7 is a functional configuration diagram of the differential pressure type mass
5  flow controller of this embodiment.
Fig. 8 is a diagram for explaining a pressure tise amount at the outlet side sensor in
this embodiment.
Fig. 9is a diagram for explaining a mass flow rate integrated amount in this
embodiment.
10 Fig. 101s a flow chart showing an operation of the differential pressure type mass
flow controller of this embodiment.
Fig. 11 is a pattem diagram showing a device configuration of a differential pressure
type mass flow confroller in accordance with another embodiment of this invention.
Fig. 12 is a pattern diagram showing a device configuration of a differential pressure
15  typemass flow controller in accordance with further different embodiment of this invention.
Fig. 13 is a functional configuration diagram of the differential pressuse type mass
flow controller of another embodiment of this invention.

BEST MODIIS OF EMBODYING THE INVENTION



<First enbodi ment: G LIFE diagnosis, volunme val ue conparison type> A
differential pressure type nmass flow controller A as being a flow control
unit of 5 this enbodinent is called as a g;LIFE di agnostic type and
conprises a nmass flow controller bodyAl arfd a control unitA2 that is
connected in communi cable wwth the mass flow controller body A 1 and that
produces a function as a diagnosis nmechani sm conducting diagnosis on the
mass flow controller body Al. The differential pressure type nassfl ow
controller Ais used, for exanple, for a systemto supply a gas to a
chanmber in the fil mQn&nfudimminng tles)inivgirentyiidieekplasedavideneeordu Eizor throbge h
conponent wi Il be explained. The mass flow controller body A 1 conprises,
as its pattern diagramis shown in Fig. 1, a gas flow channel 1 where a
gas flows, a figw rate control valve 2Vva arranged on the gas flow channe
1, a differentlal pressure generating resistive elenment 3, an inlet side

sensor 4 that 1is ar tion.with the flow.channel 1 at an
inlet 31 side and tﬁgfg%E$@$P§m'n&%ﬂbﬁggéﬁpﬁ 6%”Wﬁ@ﬁﬁé@nW?%W£hﬁf| n the gas
fl ow channel 1, an outlet side sensor 5 that is arranged in conmunication

with the flow ChanneAdﬂlc;@ﬁtmﬁﬂu@ME gﬁ& A% @%Q%n@tﬁ]gt }\h?’&n LRSSl Bhiessur e of

the gas flowing in the gas annel and a1 ature sensor 0 that
detects a tenperature of the gas flowing in the fIOM/channeI 1 at the

inlet 31 sbde.thid@nbolfigergBsalfel ave Ghannehenbst@R@RSING ESnR&LERMI@N Ehrasilan
inlet poet and its downstreamend as an outlet port respectively, and, for

exanpl e, an air pressure valve, a pressure regul ator
. body Al and a control unit A2 hat is connected in communicable with the mass flow

controller body Al and that produces & function as a diagnosis mechanism conducting
diagnosis on the mass flow controller body A1, The differential pressure type mass flow
controller A is used, for example, for a system to supply a gas to a chamber in the film

10 forming equipment such as a semiconductor.  Each component will be explained.

The mass flow controller body A1 comprises, as its pattern diagram is shown in Fig,

1, a gas flow channel 1 where a gas flows, a flow rate control valve 2Va arranged on the gas
flow channel 1, a differential pressure generating resistive element 3, an inlet side sensor 4 that
is arranged in communication with the flow channel 1 at an inlet 31 side and that detects a

15 pressure of the gas flowing in the gas flow channel 1, an outlet side sensor 5 that is arranged in
communication with the flow channel 1 at an outlet 32 side aud that detects a pressure of the
gas Hlowing in the gas flow channe! 1 and a temperature sensor 6 that detects a temperaturve of

the gas flowing in the flow channel 1 at the intet 31 side.



and a gas cylinder (not shown in drawi ngs) are connected to the inlet port
t hrough an outside pipe and a chanber for manufacturing sem conductors
(not shown in drawings) is connected 5 to the outlet port through an
out side pipe. The flow rate control val ve 2Ua is, although its detail is
not shown in drawi ngs, so arranged to change its val ve open degree by
means of an actuator conprising piezoelectric elenents. The flowrate
control valve 2Va drives the actuator with a val ve open degree control
signal as being an electric signal given by the control unit A2 and
controls the flow rdihe gis @vwodhatuilee] gess iByupadpmshd agntitie puahnddts dpemudegr ee in
accordance with a value of the valve open degree. The resistive elenent 3
conprises the inlet 31 to introduce the flow flowing from the flow rate
control val ve s aarsytlet pett hircklaelyapds for atpisplaangis proserchaby a negsegspiditat es a
differential pressure between the inlet 31 and the outlet 32. In this
embodi ment, in case that 15 the downstreamside is in communication wth a
seniconductorf%&65@§¥“@P§%@§&?“H“ﬁ%MWﬁﬂat%WB%#@W%W%H*JWEVJW6§HmﬁBﬁﬁFnear
property that is referred to as a nonlinear restrictor under a reduced

ressure is u : y O | Mpe. .S hsed as
O e S R e
sensor 4, a pressure sensor of an absolute pressure type is

5 totheoutlet port through an outside pipe.

The tlow rate control valve 2 Va is, although its detail is not shown in drawings, so
arranged to change its valve open degree by means of an actuator comprising piczoelectric
clements.  The flow rate control valve 2Va drives the actuator with a valve open degree
control signal as being an electric signal given by the control unit A2 and controls the flow rate

10 ofthe gas by adjusting the valve open degree in accordance with a value of the valve open
degice.

The resistive element 3 comprises the inlet 31 to mtroduce the flow flowing from
the flow rate confrol valve 2Va and the outlet 32 to discharge the flow, and generates a
diflerential pressure between the inlet 31 and the outlet 32, In this embodiment, in case that

15 thedownstream side is in communication with a semiconductor process chamber, a laminar
tlow element having a nonlinear property that is referred to as a nonlinear restrictor under a
recuced pressure 1s used.

A pressure sensor of an absolute pressure type is used as the inlet side sensor 4 in



used as the outlet side sensor 5 in this enbodi ment. The control unit A2
conprises a digital or analog electric circuit having a CPU, an 5 internal
menory, an A/D convertor and a D/ A convertor (not shown in draw ngs), a
conmmuni cation interface to conmuni cate with each section of the nmass flow
controller body A 1, an input interface and a display device such as a
liquid crystal display, and may be dedicated or a pact or all of them may
utilize a multipurpose conputer such as a personal conputer. In addition,
an analog circuit alone may serve the follow ng function wi thout 10 using a
CPU. A controlthsanbodioentt to be shove in drawings) for filmformng
equi pnent nmay serve both as a part of the function. The control unitA2 is
not necessarily physically integrated, and may conprise nmultiple
i nstrunents nut ual | YWisdniebe el edisersot hemprdsguratepser ofran abgotufraugssig Besis Then a
predeterm ned programis stored in the internal nmenory and the CPU and its
15 peripheral devices are opera eﬂgbas d,.on the program so that the control
unit A2 produé@%ﬁmﬁﬁﬁ?@?ﬁﬂ%fmﬁﬁ SHBRATPBEY. 2, at |east as a signal
receiving section 2a, a flowrate calculating section 2b, a deviation
cal cul ati ng section e Cmﬁ‘romt/’%qjoméﬂ%%'g aSRd gyzldlaft)g @lgctﬁce&;cb@ﬂﬂv?n%’a (GuvA qve
control signal output section Ze, i agfiosti ¢ pdraneter cal ctl ati g
section 21; a specified 15 value storage section 2g, a conparing section
3 h and 1 ad dbagn@shilendn@sy b AQ@LdoRWtoB &Rl [DA cdihvertorad BheveGh tRRinsk) 4  be

escri bed.

communication interface to communicate with each section of the mass flow controller body
A1, aninput interface and a display device such as a liquid crystal display, and may be
dedicated or a part or all of them may utilize a multipurpose computer such as a personal
computer.  In addition, an analog circuit alone may serve the following function without
10 usingaCPU, A control unit (omit to be shown in drawings) for film forming equipment
may serve both as a part of the function.  The control unit A2 is not necessarily physically
integrated, and may comprise multiple instruments mutually commected each other by wire or
without wires.
Then a predetermined program is stored in the internal memory and the CPU and its
15 peripheral devices arc operated based on the program so that the control unit A2 produces
functions, as shown in Fig, 2, at lcast as a signal recetving section 2z, a flow rate calculating
section 2b, a deviation calcutating section 2¢, a contro! value calculating section 2d, a valve

control signal output section 2¢, a diagnostic parameter caleulating section 21, a specified



The signal receiving section 2a receives electric signals show ng pressure
val ues detected by each pressure sensor 4, 5 at a predetemned timng and
is made up by nmaking use 5 of a communication interface. The flow rate

cal cul ating section 2b cal cul ates a nass f1bw rate of the gas based on the
pressure val ues received in the signal receiving section 2a and detected by
each pressure sensor 4, 5. The deviation calculating section 2c cal cul ates
a deviation between the mass flow 10 rate of the gas obtained in the flow
rate calculating section 2b and a flow rate set value. The control val ue
cal cul ati ng segcticonragescciinyl adoapadngfseatn DRak cuphowt rend aeut ectlidael. 1 ow
rate control valve 2Va by providing at | east a proportional calculation
(additionally, an Lnteﬂratin calculation or a differential calculation
may be i ncl udedrh grtiqhe @é@%§3ﬁ@n obtained in the deviation calculating
section 2c. 15 The val ve control signal output section 2e produces an open
degree (a valve position) cantrol .signal. haying a value. based on the feed
back control val ue obfaiH gxpwﬂgﬁgmﬂégﬁ?ﬁa@s%%ﬁ%é@a T ROV REPHSER@ DN 2d,
and outputs the open degree control signal to the flowrate control valve
2Va. The val veeeand §Placshglal s QulRU% atg\?)?&ibigﬁnig&i S ERd l'ré%ﬁad%fug ggnﬂlﬁng use
conmuni cati on interface in this embo iment, I n order to conduct a

di agnosi s, a diagnostic close state signal to nake the flow rate contro
val ve 2Ua En afekes@dhistiat Bicsae. be out put by

The flow rate calculating section 2b calculates a mass flow rate of the gas based on
the pressure values received in the signal receiving section 2a and detected by each pressure
sensord, 5.

The deviation calculating section 2¢ calculates a deviation between the mass flow

10 rate ofthe gas obtained in the flow rate caleulating section 2b and a flow rate set value,

The control value calculating section 2d caleulates a feed back control value to the
flow rate control valve 2Va by providing at least a proportional caleulation (additionally, an
integrating calculation or a differential caleulation may be included) on the deviation obtained
in the deviation caleulating section 2c¢.

15 The valve control signal output section 2e produces an open degree (a valve
positiorn) control signal having a value based on the feed back control value obtained in the
control value caleulating section 2d, and outputs the open degree control signal to the flow rate

control valve 2Va.  The valve contro] signal output section 2e makes use of the



appropriately operating, for exanple, all input interface. The diagnostic
paraneter calculating section 2f receives the nass flow rate of the 5 gas
fromthe flow rate cal culating section 2b and obtains a mass flow rate
integrated value by integrating the nmass ftow rate of the gas during an
interval when the pressure at the upstream side of the resistive elenent 3
changes froma first pressure to a second pressure in a state that the
flowrate control valve 2Ua is changed fromthe flow rate control state to
the closed state. hi addition, the diagnostic paraneter cal cul ating
section 2f obt@msmnaagiragndst. dn b artedvahiue cidr forcomdugaslidgass, bdisgdstan a
paraneter such as the nass flow rate integrated value, a pressure value
change (drop) between a pressure value of the inlet side sensor 4 at a
start timng ofostHacC sighbipavake ficillonage paiel vl 2 aglossinig qan byautppsbvf t he
inlet side sensor 4 at an end timng thereof and a tenperature val ue

obt ai ned fronu}@g}%ik e;g@ggﬁxgeg§ﬁr,6. Nb&ggqgncretely, t he di agnostic
par anet er cal cUI'ab gy@ét SO SFYBE A UMY 15 anount APl of the
pressure value of the inlet side sensor 4 during all interval froma timng

(a start point a) Ofculendshd Btai® AL SinFsclion AR EciviUe BRAAR Bate SRYET al
meec after a time when the valve control ~signal output section 2e outputs
t he di agnostic close state signal as being a trigger to a timng (an end
poi nt h) ot thasSendrdopnassdduitifl decNDHIBY SlFtdhs D88s 16V ialcgdicdvalie byaf t er
the tine. For exanple, in case of Fig. 3, the pressure drop anount APl at

the inlet side sensor 4 during the interval of a-b is obtained.
integrating the mass flow rate of the gas during an inferval when the pressure at the upstream

side of the resistive element 3 changes from a first pressure to a second pressure in a state that
the flow rate control valve 2Va is changed from the flow rate control state to the closed state.
In addition, the diagnostic parameter calculating section 2 obtains a diagnostic volume value
10 from gas laws based on a parameter such as the mass flow rate integrated value, a pressure
value change (drop) between a pressure value of the inlet side sensor 4 at a start timing of the
above-mentioned interval and a pressure value of the inlet side sensor 4 at an end timing
thereof and a temperature value obtained from the temperature sensor 6.
More concretely, the diagnostic parameter calculating section 2f obtains a drop
15 amount APT of the pressure value of the inlet side sensor 4 during an interval from a timing (a
start point g) of the first pressure Plsragr, for example, several msec after a time when the
valve control signal output section 2¢ outputs the diagnostic close state signal as being a

trigger to a tuming (an end point b) of the second pressure P1 g several see ~ several min



In addition, the diagnostic paranmeter calculating section 2f receives the
mass flow rate Qduring the interval of P1 SIAM P 1 END obtained from
the equation (1) by the flowrate 5 calc Iptlng section 2b, [Equation 1]
O(1,1 1'2")k' (1) where P I is a pressure value at the inlet side sensor
4 and P2 is a pressure value at the outlet side sensor 5. In addition, X
is a coefficient that changes depending on a kind of 1.0 the gas. Next,

t he di agnostic paraneter cal culating section 2f cal cul ates the nass fl ow
rate integrated value n by conducting tinme-integration according to the
foll owi ng equatiedhe {ri2). dor cxtunplemasse b Iy 3¢ @t preQuddrdpngotifte\Pil at B¢ ikl sideFor
exanple, in case of Fig. 4, a total sumof the nmass flowrate Qin the
interval of a-b shown by diagonal |ines can be obtained as the mass 15
flow rate inté&ﬁ@ﬁ@ﬁ“@éﬁﬁéﬁﬁv%yf%@éﬁémwwdthe i ntegrating cal cul ation.
[Equation 2] n= Qdt (2) In addition, the nmass flow rate integrated value n
can al so be express

di agnostic vol une %?Wg%PBQE %%ﬁggmﬁmﬁng uat%&ﬁ?%éh@%%f B %OW

rate Q during the interval of Plsrarr ~ Plenp obtained from the equation (1) by the flow rate
5 caleulating section 2b.
[Equation 1]
Q=(P1"~P2Yx ~ «« (1)

where P1 is a pressure value at the inlet side sensor 4 and P2 is a pressure value at

the outlet side sensor 5. In addition, X is a coeflicient that changes depending on a kind of
10 thegas.

Next, the diagnostic parameter calculating section 21 calculates the mass flow rate
integrated value p by conducting time-integration according to the following equation (2) on
the mass flow rate Q during the interval.  For example, in case of Fig, 4, a total sum of the
mass flow rate Q in the interval of a-b shown by diagonal lines can be obtained as the mass

15 flow rate integrated value n by means of the integrating calculation,

[Equation 2]
n=fod e (2)

In addition, the mass flow rate integrated value n can also be expressed by the



Furthernore, the diagnostic volunme value V is expressed by the follow ng
equation (4) by the use of the equation (2) and the equation (3). 5

[ EQuation 4] f odtPlsi.l1Yl//RT-PltooV/IRT V [/ RT (1>1 ST it - Pl r.w 1
APIVIRT f% RT Gdr . . . (4) APl the dla&nostlc par anmet er cal cul ati ng
section 2f cal cul ates the diagnostic volune value V by substituting the
obtained mass flowrate integrated value n into a followng equation (5)
deprived by the equation (2) and the equation (4). 10 [Equation 5] V

=nRTI AP] (5) where n is a nunber of noles (tune-integrated value of a mass
(a mass fl ow iplatvenguatipe3)thy e vebtiaidnedosfic b fequat lson (1), nanely a
mass flow rate integrated value), Ris a gas constant (a val ue specified

by gas as being an obje t to.p trolled)" T is tegperature (a 15 val ue
specified by an out put=frem:t Héhf Rﬂ enat/dre seh§or66§pand APl is a pressure

drop 19 anount of the inlet side sensor 4.

Furthermore, the diagnostic volume value V is expressed by the following equation
(4} by the use of the equation (2) and the equation (3).
5  [Equation 4]
[ Ot = Pl ¥ IRT = P VI RT

=V IR gy = P
= APV /RT

RT ¢
s == (o - -+ (4
an 12 )

The diagnostic parameter calculating section 21 caleulates the diagnostic volume
value V by substituting the obtained mass flow rate integrated value n into a following
equation (5) deprived by the equation (2) and the equation (4).

10 {Equation 5]
V=nRT/APY « « « (5)

where 1 is a number of moles (fime-integrated value of a mass (a mass flow rate Q)
per time obtained fiom the equation (1), namely a mass flow rate inlegrated value), R is a gas
constant (a value specified by gas as being an object to be controlled), T is temperature (a

15 valuespecified by an output from the temperature sensor 6 and AP1 is a pressure drop



The specified value storage section 2g stores a specified volunme val ue Vo
and is forned in a predetermned area of the internal nenory. In this
enbodi ment, a flow rate volune (a dead volgye) fromthe flow rate control

5 valve 2Va to an inlet of the resistive elenent 3 is stored as the

speci fied vol une value VO. The conparing section 2h conpares a di agnostic
vol unme value V obtained in the diagnostic paraneter cal cul ating section 2f
with the specified volunme value VO. The diagnostic result output section 2
makes use of the display device and outputs existence of abnormality to

t he di spl ay demiceetdftheddgesidt krmtortthe conpari son result of the 7.0 conparing
section 2h shows that the diagnostic volune value Vis different fromthe
speci fied volume value VO. A diagnostic nmethod of the differential
pressure type mass fINEHPEHng Fdpd sErasa saon Faploresieperbisd eolame srlaetemd iswi | | be
explained. First, if the pressure detected by the inlet side sensor 4 is

| ower than the start pressure. 7.5 (at a timng of Pl SIAM, the pressure

i s increased 3@3c%”%%ﬁﬁgﬁﬂPﬁﬁ%W“VﬁQ%“Wﬂ8m§F5F¥'pressure bef ore maki ng the
flow rate control valve 2Va in a closed state. Then as shown in Fig. 5, the

di agnostic close st af @i @RanchSa A B\fg)&fffuﬁﬁ% {jlc—,tﬂﬂ Ao AR HED bat B!
out put section 2c of the control unit {0 the flowrate control valve 2Va
that is 20 in a flow control state so as to start the diagnhosis (step

S101). 5 wvalve 2Vato aninlet of the resistive element 3 is stored as the specified volume value Vi,
The comparing section 2h compares a diagnostic volume value V obtained in the
diagnostic parameter calculating section 2f with the specified volume value V.
The diagnostic result output section 2i makes use of the display device and outputs
existence of abnormality to the display device in case that the comparison result of the
10 comparing section 2h shows that the diagnostic volume value V is different from the specified
volume value V.
A diagnostic method of the differential pressure type mass flow controller A having
the above arrangement will be explained,
First, if the pressure detected by the inlet side sensor 4 is lower than the start pressure
15 (alatiming of Plsyagr), the pressure is increased so as to be higher than the statt pressure
before making the flow rate control valve 2Va in a closed state.
"Then as shown in Fig. 5, the diagnostic close state signal is output from the valve

control signal output section 2¢ of the control unit A2 to the flow rate control valve 2Va that is



When the flow rate control valve 2Va receives the diagnostic close state
signal, the flowrate control valve 2Va becones in a closed state (step
5102). Then, the downstream side of the gﬂis flow controller Ais sucked
at a predeterm ned pressure so that a pressure in 5 the dead vol une Vx
between the flow rate control valve 2Va and the resistive elenment 3 begins
to drop. 'Then, the flow rate cal cul ati ng section 2b cal cul ates the nass
flowrate fromthe above-nentioned equation (I) with the detected val ues
detected in each pressure sensor 4, 5 as a paraneter (step S103). 1.0
Next, the di agnefowcopalaanetoes focalichd ddgnogs (slee$iton 2f recei ves the nass
flowrate Q and calculates the nass flow rate integrated value n by
conducting tinme-inte atlon on the mass flowrate Qduring the interva
fromthe tining of SR 115 cpIH! valve 3y reseives the dipguogis tleps stagisgpl, thhe
mass flow rate integrated value n is a value based on the |ntegrated value
of the pressyre fromt ssive calc di,tion

Gi agnost | ¢ parier e P GRS RS wbtn Aok S Blastarsiott nafh Bty Blpwop
amount APl at the inlet side sensor 4 during the interval fromthe timng

of 13 1 START 4 oFthgancés'ilmNr&Qntﬂ)fIlu%15 kel & Rﬂéum? Plé%%%%%?gb%ﬁugchg

di agnosti c paraneter cal cul ating Section cal cul ates t I aghostic
vol une value V by substituting the mass fIOM/rate i ntegrated val ue n
obtained iBh thedead volume Vx between the flow rate control valve 2Va and the resistive element 3

begins to drop.

Then, the flow rate calculating section 2b calculates the mass flow rate from the
above-mentioned equation (1) with the detected values detected in each pressure sensor 4, 5 as
a parameler (step S103).

10 Next, the diagnostic parameter calculating section 2f receives the mass flow ratc Q
and calculates the mass flow rate integrated value nn by conducting time-integration on the
mass flow rate Q during the interval from the timing of Plgpagr to the timing of Plawp (step
5104).  The mass flow rate integrated value n is a value based on the integrated value of the
pressure from the successive calculations.

15 In addition, the diagnostic parameter calculating section 2f obtains the pressure drop
amount AP1 at the inlet side sensor 4 during the interval from the timing of Plgyapy to the
tming of Plep (step S105),

Furthermore, the diagnostic parameter calculating section 2f caleulates the



the step S 104 and the tenperature detected in the tenperature sensor 6
into the gas laws (equation (2)) (step 5106). The tenperature T used for
cal cul ating the diagnostic volunme value %>nay use the detected val ue by
the tenperature sensor 6 at the timng of PL s--ART or 5 may use the
detected value at the timng of P 1 END. This is because there is al nost no
t enperature change between the timng of P 1 siAin, and the lining of P 1
END. The conparing section 2h conpares the diagnostic volunme val ue V
obtained in the diagnostic paraneter calculating section 2f with the

speci fi ed vol uhenvsik weluivo v{lsd € py SIbidR)ng tidmdshBow cnpargsiedvaiesulbtaiied it he
conparing section 2h shows that the diagnostic volunme value V 10 differs
fromthe specified volunme value Vn (for exanple, in case that a perfornmance
of the resistihgdenst ranthalogpeyre depdedia g iemsipiuacasocd dlabe sdpe and t he
i ntegrated val ue becones snmall as well)(step S108), the diagnostic result

ol ehont 5 o RGP Padln e TePRE gy A0 PRl uig SebFSih

conparison result shows that the diagnostic volunme value V is the sane as

the specified JhfevaliRe Hl@'d&l@cl&’ﬁ'al]gué Bﬁg& §nﬁ£1l%?u;[;c§/ ‘yc{i‘sﬁ: ilt%%ﬁ)lﬁﬁ-%&iﬁl%%%lo} Out put

section 2i outputS no existence o abnor the resistive el ement 3

to the display device (step S 110). As a result, in accordance with the
differential pnsasuthedtiyind vawss ifd evMheoMipel | €his A be@lisdiiirsis aadioment , when
the flowrate control valve 2Va is changed fromthe flow control 22 state
to the closed state, the mass flowrate Qis cal cul ated based on the

det ect ed val uégmpapiigaelhnge between the iming of Plgpagr and the timing of Plnp.

The comparing section 2h compares the diagnostic volume value V obtained in the
diagnostic parameter caleulating section 2f with the specified volume value Vg (step S107).
If the comparison result in the comparing section 2h shows that the diagnostic volume value V
10 diflers from the specified volume value V;y (for example, in case that a performance of the
resistive element 3 drops, the mass flow rate Q also drops and the integrated value becomes
small as well)(step S108), the diagnostic result output section 2i outputs an existence of
abnommality in the resistive clement 3 fo the display device (step S109).  On the contrary, if
the comparison result shows that the diagnostic volume value V is the same as the specified
15 volume value Vy (step S108), the diagnostic result output section 2i outputs no existence of
abnonmality in the resistive clement 3 to the display device (step S110).
As avesult, in accordance with the differential pressure type mass flow controller A

of this embodimerit, when the flow rate control valve 2Va is changed fiom the flow control



pressure sensor 4, 5, the mass flow rate integrated value is obtained by
conducting time- integration on the mass flowrate Q during a certain
interval, and the diagnostic volume value ,.is obtained by substituting the
mass flow rate integrated val ue and the aﬁ%%e-nentioned 5 pressure drop
amount AP 1 into the gas laws. As a result, even though there is, for
exanple, a local peak dip noise in the pressure value, alnbst no influence
is received fromthe noise. Accordingly, it is possible to conduct a

di agnosi s of existence of abnonnality with accuracy such that a cl ogging
or residual gatitgtederchtatadyibe mosdeperic @)iatdaitalibaded ag e déedidiealuadiin nah f | ow
el ement as being the resistive element 3 can be found suitably. In
addition, since a reference 10 instrument for flow rate calibration becones
unnecessary ardeSEsEr ton Bemse favpaicaiegiahbabismodlaigg B ewdetipe iicgas | i ne
can he sinmplified and a cost can be reduced. as well. In addition, if the

flow rate cont, 2Va ossi bl e
to conduct aI@%%8ﬁ§S| Kd?%%ﬁ\%v %%@PW“F“g?WBPLngﬂH“FH@@H?§§QQEW§V3Wbre
specifically, it is possible to provide a differential pressure type mass
flow 15 cont rl%ﬂi@l’icd%y h@éinﬁ&ﬁh&%&@ Fb@ Edt&'n@gﬂ@ﬁ LAiGe {‘i@‘ﬁﬁaﬁ&%q}l&ﬂ&ﬁdt hat a

troubl e such as clogging of "the resistive €l enent can found
accurately and that the diagnosis of existence of abnornallty can be
conduct ed bn grehosdropanddARS intoitiepaniatd. atCicatyevel foaddhdd 6 For ihglg ot he
I ami nar flow clement having the nonlinear property is used as 23 the

resistive element 3, it is possible to make the pressure change relative to
the fl ow rat e local peak dip noise in the pressure value, almost no influence is received from the noise.

Accordingly, it is possible to conduct a diagnosis of existence of abnonmality with accuracy
such that a clogging or residual gas generated due 1o deterioration with age of the laminar flow
element as being the resistive element 3 can be found suitably.  In addition, since a reference
10 instrument for flow rate calibration becomes unnecessary and its calibration time also
becomes unnecessary, a gas line can be simplified and a cost can be reduced as well.  In
addition, if the flow rate control valve 2Va closes for even a moment, it becomes possible to
conduct a diagnosis, thereby further simplifying the diagnosis.
More specifically, it is possible to provide a differential pressure type mass flow
15 controller A having a superior diagnostic mechanism such that a trouble such as clogging of
the resistive element 3 can be found accurately and that the diagnosis of existence of
abnormality can be conducted in a short period of time with accuracy.

In addition, since the taminar flow clement having the nonlinear property is used as



change big in a low flow area and to make the pressure change relative to
the flowrate change small in a high flow area, resulting in obtaining a
flat flow rate accuracy collectively. For exanple in case of a
differential pressure type nass flom1contr01Ier for a small 5 flowrate
(FS100cc or less) having a small flow channel dianeter or using a
restrictor of a snmall nunber of flow channel, it is possible to noderate a
falling curve of the pressure in Fig. 3, thereby especially inproving
reproducibility of the diagnosis. In addition, in case that the conparison
result in the thowrpaitdgnseclii i©posgblcshows thd}h@.\)%ull,tlﬁngﬂ 13gNesd Mhe lvoldyre val ue
V differs fromthe specified volune value VU, since the 10 diagnostic
result output section 2i that outputs the existence of abnormality of the
resistive el erfbpzeBigind fohelo aplay dekicde presuae sthamgedstivicto theflpossi direget o

| cnow t he occurrence of abnormality in the resistive elenent 3 wthout

fail. <Second e ROR di agnosi s,. vol.u val ue conp rls n type>
Anot her enbodiSHEnt" "dTnﬁ’c ﬁﬂ‘%‘“ ?%\?@H‘EW%’P\(’W‘PW% Bgatgf}b’l‘%{i’ frEHaGH Cloﬁeq“é‘f ®Brence to
Fig. 6 15 Fig. 10. In the second enbodi nent the sane parts denoted by the

same ref erence nun‘er}:%l &lgﬂ IBQ%C 8?’3@{]&%{&?{?})1&?%5 Bfgéi%&&& O‘EVQSIHH)MG}%I asr{%ﬁdl ment

are supposed to have arrangenen uce
operation and effect as those of the first enbodlnent unl ess ot herw se

expl ai ned, sandjodese gITSQO(DLQ Bﬁiésbl@fvﬁ%fa sidall oD 8RR laBer & chsmtT headidf gnenti al
pressure type mass flow controller A of this enbodinent is
small number of flow channel, it is possible to moderate a falling curve of the pressure in Fig.
3, thereby especially improving reproducibility of the diagnosis.
In addition, in case that the comparison result in the comparing section 2h shows
that the diagnostic volume value V differs from the specified volume value Vo, since the
10 diagnostic result output section 21 that outputs the existence of abnormality of the resistive
clement 3 to the display device is amanged, it is possible to know the occurrence of
abnormality in the resistive element 3 without fail,
<Second embodiment:  ROR diagnosis, volume value comparison type=
Another embodiment of this invention will be explained with reference to Fig. 6~
15 Fig 10.  Inthe second embodiment the same paits denoted by the same reference numerals
and the same names as those in the first embodiment are supposed to have the same
arrangement and to produce the same operation and effect as those of the first embodiment

uniess otherwise explained, and descriptions thereof will be omitted.



generally called as a ROR (Rate of rise) diagnostic type, and conprises a
mass flow controller bodyAl, and a control unitA2 that is connected in
comuni cable with the mass flow controller body A 1 and that produces a
function as a diagnostic nechanisn1conduct4%g a 5 diagnosis on the nass
flow controller body A] . Simlar to the first enbodi nent, the
differential pressure type mass flow controller A is used, for exanple,
fora systemto supply a gas to a chanber in a sem conductor process. Each
conponent will be expl ained. The mass flow controller bodyAl conprises, as
its pattern di agram’ils dgfeawil pressiegype iass fovgemirbllcow « hdsunglodilmentier e a gas
flows, an upstreamside flowrate control valve 2Vb and a 10 downstream
side flow rate control valve 2Vc arranged on the gas flow channel 1, a
resistive el erfshgraly coipgias & BRBr(Rale sl i) !mne&tscMe,femgmmwsw rpgseligw pangolldr owi ng
fromthe upstreamside flow rate control valve 2Vb and an outlet 32 from

which the fluid.is discharged. and that is to generate a differential
pressure, an ﬂﬁﬂ%ﬁ1éW@é“E%ﬁé@F%Q%P%ﬁf“W§ﬂ%ﬁ$éﬁ§%H“¥ ﬁfﬂ PESIPEN wi t h
the flow channel 1 at the inlet 31 side and that detects a pressure of the

fluid flow ng dRdibGodaal hﬁmléﬁrﬂﬁ‘%g&%fikmcﬁﬁ a@h'aildg?{(ﬁlﬁ}g?&%}ﬂ%?&f 1fi§cti}1%§t I's

arranged in communication wth't ow channe e outT et si de
and that detects a pressure of the fluid flowing in the flow channel 1 and

a tenperat or e densdrondriat det@ebler dodyotneSakike @ 0f fidtmbedmehd M ng i n the
flow channel 1 at the outlet 32 side. 25 The upstreamside flow rate

control valve 2Vb and the downstream side flow rate
differential pressure type mass flow controller A is used, for example, for a system to supply a

gas to a chamber in a semiconductor process.  Each component will be explained.
The mass flow controller body Al comprises, as its pattern diagram is shown in Fig.
0, a gas flow channel | where a gas flows, an upstream side flow rate control valve 2Vb and a
16 downstream side flow rate control valve 2Ve avanged on the gas flow channel 1, a resistive
clement 3 that comprises an inlet 31 from which the fluid flowing from the upstream side flow
rate control valve 2Vb and an outlet 32 from which the fluid is discharged and that is to
generate a differential pressure, an inlet side sensor 4 that is aranged in communication with
the flow channel 1 at the inlet 31 side and that detects a pressurc of the fluid flowing in the
15 flow channel |, an outlet side sensor 5 that is arranged in conumunication with the flow
channel 1 at the outlet 32 side and that detects a pressure of the fluid flowing in the flow
channel 1 and a temperature sensor 6 that deteets a temperature of the gas flowing in the flow

channel 1 at the outlet 32 side.



control valve 2Vc are the same as the flow rate control valve 2Va of the
first enbodiment. A configuration of the control unit A2 is the sane as
that of the first enbodinent, Then a predeternlned programis stored in
the internal menory of the control unit 5 42 and the CPU and its peri pher al
devices are operated based on the programso that the control unit A2
produces functions, as shown in Fig. 7, at |least as a signal receiving
section 2a, a flowrate calculating section 2b, a deviation calculating
section 2c, a control value calculating section 2D, a valve control signal
out put section 2E, dldivpgrastilecliparsmehes valeal \dudndtlictigwaeelin eide Rfw rade

speci fied val ue storage section 2g, a conparing section 2h and a 10

di agnostic result output section 2i. The control value calculating section
oD, the val ve “aERylE: 2\ agniae sasistap e flowants emtrglEakyadVa ¢féhafirei gmbediment.
paraneter cal cul ating section 2F, will be described in detail. The control

val ue cal cul ati ng sec S. d back contr e to
upstream si de flow ra V&P%BﬁPP8 l%ﬁ?@@“?@%zéﬁg?%W“@ﬁ@mﬂ%%ﬁgﬁ?ggﬁ¥@?ﬂ% flow
rate Control valve 15 2Vc by providing at | east a proportional calculation

(preferably; a PID eﬁ’ib{%’#@&é&%ﬂfm@ﬂo%@ﬁ1 El'ﬂ%rfntgm %e?%g 6{f1llclc}&ﬁtb<gﬁ1\fl[ ation

cal cul ati ng section 2c he val ve contro gnal out pr oduces
an open degree control signal having a value based on the feed back

control vabue AghindilRePy A Jhdﬁthﬁu?ﬁ@ﬁlrd@hcdéaidé@czﬁt@ﬂ Badk®di (ROpré@amSeHhitR 2D, and
out puts the open degree contr signal to the upstrean15|de flowrate

control
confrol unit A2 produces functions, as shown in Fig, 7, at least as a signal receiving section 2a,

a flow rate calculating section 2b, a deviation calculating section 2¢, a control value
calculating section 2D, a valve control signal output section 2E, a diagnostic parameter
caleulating section 2F, a specified value storage section 2g, a comparing section 2h and a
10 diagnostic result output section 21, The control value caleulating section 2D, the valve
control signal output section 2E and the diagnostic parameter caloulating section 2F, will be
described i1 defail.
The control value calculating section 2D calculates a feed back control value to the
upstream side flow rate control valve 2Vb and/or the downstream side flow rate control valve
15 2Vebyproviding at least a proportional caleulation (preferably, a PID calculation) on the
deviation obtained in the deviation calculating section 2c.
The valve control signal output section 2E produces an open degree control signal

having a value based on the feed back control value obtained in the control value caleulating



val ve 2Vb and/or the downstream side flow rate control valve 2Vc. The val ve
control signal output section 2E nakes use of the conmunication interface.
In this enbodiment, in order to conduct di agnosi s, a diagnostic close
state signal to set the downstream side fldw rate 5 control valve 2Vc in a
cl osed state can be output by appropriately operating, for exanple, an

i nput interface. The diagnostic paraneter cal culating section 2F receives
the mass flowrate Q of the gas fromthe flow rate cal culating section 2b
and obtains a mass flow rate integrated value by conducting integration on
t he mass fl ow sedive 2Q afl otilpels gaspauiciyngeabolistiharyat upstream sidellqw essone! 10 at
the upstream side of the resistive elenent 3 changes froma first pressure
P2srnar to a secqnd pressure P2FND in a state that the downstream side
flow rate contfbE 2yapndordgdopysircam sidg e raiospntrplealve Ve c dhe vave eonisel alged t he
closed state. In addition, the diagnostic paraneter calculating section 2F
obtains a diagnhostic.valume val ue from gas.|aws based on ar apet er  such
os the mass. f oot AR IR IR e RS OYERE T R B B,

bet ween a pressure 15 value of the inlet side sensor 4 at a start timng of
t he above- menty gnagkh Hlfa@{o]gﬁgi rﬁ@@osﬁu 8.65%%@1@3%1‘13}\(@3:6%@ @({)wﬁsﬁénﬂ é?élcﬁiov\ﬁ‘at?e sensor

4 at an end timng thereo a tenperature value obtained from the
tenperature sensor 6. Mdre concretely, the diagnostic paranmeter calcul ating
section 2FSobteantugvavad\&en 2dosed s in AR2ApRf hhepppessys@amas, e cedmpilden out | et
side sensor 5 during an interval froma timng
mput interface.
The diagnostic parameter calculating section 2F receives the mass flow rate Q of the
gas from the flow rate calculating section 2b and obtains a mass flow rate integrated value by
conducting integration on the mass flow rate ) of the gas during an interval when the pressure
10 atthe upstream side of the resistive element 3 changes from a first pressure P2gmare to a
second pressure P2enp in a state that the downsiream side flow rate control valve 2Ve is
changed from the flow control state to the closed state.  In addition, the diagnostic parameter
calculating section 2F obtains a diagnostic volume value from gas laws based on a parameter
such as the mass flow rate integrated value, a pressure value change (risc) between a pressure
15 value of the infet side sensor 4 at a start timing of the above-mentioned interval and a pressure
value of the inlet side sensor 4 at an end timing thereof and a temperature value obtained from

the temperature sensor 6,

More concretely, the diagnostic parameter caleulating section 2F obtains a rise



of the first pressure (a start point P2srAizr), for exanple, several nsec
after a tinme when the valve control signal output section 2E outputs the
di agnostic close state signal as being a t{igger to a timng of the second
pressure (an end point P2END) several sec =' several nin after 5 the tine.
For exanple, in case of Fig. 8 the pressure rise amobunt AP2 at the outl et
side sensor 5 during the interval of a-b is obtained. In addition, the

di agnostic paranmeter cal culating section 2F receives the mass flow rate Q
during the interval of P2slAar - P2END obtained fromthe foll ow ng equation
(6) by the flawunadR2 ofdlcpukatd vaestbt bkt 2be.serikOr  dgiuai orrne] fidrd RhingP2' ) X
(6) where Pi is a pressure value at the inlet side sensor 4 and P2 is a
pressure value at the outlet side sensor 5. |In addition, Xis a coefficient
that changes d¥BEAE HEsseis (@siad it 82stanrh &1 gegpler seserlanaes aftena e whedbe i c
parameter cal cul ating section 2F cal culates the mass flow rate integrated

val ue by conducting time-integrati on on the mass . flow rate Q during the
interval . Fo rvaé")‘( anpf S,lb“idfrPuh’éfg%ab ](}T@ioé’{})ugtam g lg‘?ﬁﬁﬁagﬁﬂlﬁé&ﬁﬂ "f 1 ow

rate -Qin the interval of a-b shown by diagonal |ines can be obtained as

the mass fl owfaleniRh&Y FuRdc %Al faﬁ&s&‘e@% N8 Bolnt I@E.;NDB R&edBcc L DL EAN AN RG
cal cul ation
5  thetime. Forexample, in case of Fig, &, the pressure rise amount AP2 at the outlet side
sensor 5 during the interval of a-b is obtained.

In addition, the diagnostic parameter calculating section 2F receives the mass flow
rate Q during the interval of P2sarr ~ P2enp obtained from the following equation (6) by the
flow rate calculating section 2b.

10 [Equation 6]
O=(PF=P2)Xx « « + (6)

where P1 is a pressure valuc at the inlet side sensor 4 and P2 is a pressure value at
the outlet side sensor 5. In addition, X 1s a coeflicient that changes depending on a kind of
the gas.

15 Next, the diagnostic parameter calculating section 2F calculates the mass flow rate
integrated value by conducting time-integration on the mass flow rate ) during the interval,
For example, In case of Fig, 9, a total sum of (he mass flow rate Q in the interval of'a-b shown

by diagonal lines can be obtained as the mass flow rate integrated value n by means of the



Furthernore, the diagnostic paraneter cal culating section 2F calculates a
di agnostic volune value V by substituting the obtained mass flow rate
integrated value n into the follow ng equ tlon (7) derived simlar to the
first enbodinment. 5 [Equation 7] V = nRT / AP2 (7) where n is a nunber
of noles (tine-integrated value of a mass (a nmass flowrate Q per tine
obtained fromthe equation (6), nanely a mass flow rate integrated val ue
n), 12 is a gas constant (a value specified by gas as being an object to
be controlled), T is a tenperature 10 (a val ue specified by an output from
t he t enper at urielegemsaeelc@itioand AP2 is a pressure rise anount at the outl et
side sensor 5. A diagnostic nethod of the differential pressure type nass
flow controller A having the above arrangenent will be expl ained. First,
if the pressure det de¥BdMBiE Ppdagyslicenayickecdegos segiondl kilghdes adirgnodine
start 15 pressure (at atinme of P2s-1- ), the pressure at the outlet side
efore

sensor 5is lo wer. t.han LPreEsSsur.e
raki ng the downbrraans YR RS b S insii hotnbatitnb R Er 88eg ot are.
Then as shown in Fig. 10, the diagnostic close state signal is output from

the valve 29 I&Wu'ig,’ku&!ogr('ﬂldm%ﬂQiHﬁ]msigﬁltc'f%u%gmﬂ{lcntt he control unit A2 to

t he downstream side flow rate cont
5 [Equation 7]
V=nRT/AP2 « « + (7)
where 11 is 2 number of moles (time-integrated value of a mass (a mass flow rate Q)
per time obtained from the equation {6), namely a mass flow rate integrated value n), R is a
gas constant (a value specified by gas as being an object to be confrolled), T is a temperature
10 (avalue specified by an output from the temperature sensor 6) and AP2 is a pressure rise
amount at the outlet side sensor 5.
A diagnostic method of the differential pressure type mass flow controller A having
the above arrangement will be explained.
First, if the pressure detected by the outlet side sensor 5 is higher than the start
15 pressure (at a ime of P2garr), the pressure at the outlet side sensor 5 is lowered so as to be
lower than the start pressure before making the downstream side flow rate control valve 2Ve
in a closed state.

Then as shown in Fig, 10, the diagnostic close state signal 1s outpul from: the valve



valve 2Vc that is in a flow control state (step S201). Wen the downstream
side flowrate control valve 2Vc receives the diagnostic close state
signal, the downstreamside flow rate control valve 2Vc becones in a closed
state (step 5 S202). Then, a pressure in e dead vol une Vy between the
resistive elenment 3 and the downstreamside flow rate control valve 2Vc
begins to rise. '"then, the flowrate calculating section 2b cal cul ates the
mass flow rate Q fromthe above-nentioned equation (6) with the detected
val ues detected in each pressure sensor 4, 5 as a paraneter (step S203).
10 Next, the doaghsgid cutpas@i®! 2 ofdal oittathing? eeidoonstR2im ke Gbw ese doheolmass
flowrate Q and calculates the nass flow rate integrated value n by
conducting time-integration on the nass flowrate Q during the interval
from P25| Ai e7 V@’GCWE%BH(@@@QWSQE@ statg fstepd@dPbi on, the di agnostic paraneter
cal cul ating section 2F obt ains the pressure rise anount AP2 at the outlet

side sensor 5 durin th t erval m P2SI Ai rr to_.P2euo S205
Furthernore, the di SEIFFB Wﬁﬁ?’é‘ﬁéﬁ%ﬁo‘ﬁéﬁt“c‘iﬁ’f’%‘?l VAy® %%%PP%Y‘F& 3’@3@&%111 %‘fsﬁs t he
di agnosti c vol une val ue V by substituting the obtained nass flowr ate

integrated valye ) Chlﬁ, st'icﬁmﬁfeeﬂk%lﬁe %ﬁl{ﬂgﬁﬁa%g 8%/? b&‘!{?ﬁ)c& @@B%Eélt feQsgfnsor 6

into the above-ne t| oned equati on era ure used
for cal culating the diagnostic volune value V may use 30 the det ect ed

val ue by the tseoperdied! £r&anrs Rithdédiead vdiige Vi Wengn e rBA6TANERends altBe Use the
det ect ed
downstream side flow rate control valve 2V e begins fo rise.
Then, the flow rate calculating section 2b calculates the mass flow rate Q from the
above-mentioned equation (6) with the detected values detected in each pressure sensor 4, 5 as
a parameter (step S203).

10 Next, the diagnostic parameter calculating section 2F receives the mass flow rate Q
and calculates the mass flow rate integrated value n by conducting time-integration on the
mass flow rate Q during the interval from P2gpagy 1o P2enp (step S204).

In addition, the diagnostic parameter calculating section 2F obtains the pressure rise
amount AP2 at the outlet side sensor 5 during the interval from P2gyarr to P2eap (step S203).

15 Furthermore, the diagnostic parameter calculating section 2F calculates the
diagnostic volume value V by substituting the obtained mass flow rate integrated value n and
the teraperature detected i the temperature sensor 6 into the above-mentioned eguation (4)

(step 5200).  The temperature T used for caleulating the diagnostic volume value V may usc



val ue at the tuning of P2eNn. This is because there is alnbst no

t enperature change between the timng of P25 ar and the timng of P2evo
The conparing section 2h conpares the diaggfstic vol une val ue V obtained in
the 5 diagnostic paraneter calculating section 2F with the specified

vol une value Vrr (step S207). If the conparison result in the conparing
section 211 shows that the diagnostic volune value V differs fromthe
speci fied vol une value Vo (step S208), the diagnostic result output section
2i  outputs an existence of the abnormality, in the resistive elenent 3 to
the di spl ay delddeckstep byS208hper@ne kdgorcanhe aibing of P2t heocoypas hisdectedsul t
shows that the diagnostic volune value Vis 1.0 the sane as the specified
vol ume val ue Vn (step,SZO&), the diagnostic result output section 2

outputs no exivgepdes BringeiGrmal by 1Si%ﬁcap$1>éh¢@§ pletoste tenporatiie clengedeigen

di splay device (step S2 10). As a result, in accordance with the
differenti al ﬁ:qssu;%, ype n@&g.flom%ggntroller A of this enbodi nent, when
the downst r eam&1'des 1 v APSVEBRTEN "vabve 2V is changed from the flow
control state to the closed state, the mass flowrate Qis cal cul ated based
on the 15 detected N LN, £ac r.essHLe. SensoL: .4 _ ! Sed rate
i ntegrated val ue iswgggg@ﬁgﬁs%g%méﬁﬁﬁﬁﬁg%ﬁﬁﬁﬁgﬁg?%H?Qé?é@?ﬁ%ggﬁﬁgﬁgﬂﬁgss
flowrate Qduring a certain interval based on the rising pressure val ue
at the outbet dabaBticRRGRNer dalcddtidg bhgoriAGNARE dpeci &l WwiBhcalub ¥, [sgpebtai ned by
substituting the mass flow rate 1 ntegrated value and the above-nenti oned
pressure rise amount 31 AP2 unto the gas |laws. Asa result, even though
there is, for lidkesspipesisonrdsatialthepemkartigpeation Feshows that the diagnostic volume value V

differs from the specified volume value Vy (step S208), the diagnostic result output section 21
outputs an existence of the abnormality in the resistive element 3 fo the disptay device (step
S209).  On the contrary, if the comparison resuit shows that the diagnostic volume value V is
10 the same as the specified volume value Vy (step S208), the diagnostic result output section 2i
outputs no existence of abnommality in the resistive element 3 to the display device (step S210).
As aresult, in accordance with the differential pressure type mass flow controller A
of this embodiment, when the downstream side flow rate control valve 2Ve is changed from
the flow contro! state to the closed state, the mass flow rate Q is calculated based on the
15 detected values in cach pressure sensor 4, 5, the mass flow rate integrated value is obtained by
conducting time-integration on the mass flow rate Q during a certain interval based on the
rising pressure vatue at the outlet side sensor 3, and the diagnostic volume velue is obiained by

substituting the mass ow rate infegrated value and the above-mentioned pressure rise amount



in the pressure value, alnost no influence is received fromthe noise.
Accordingly, it is possible to conduct a diagnosis of existence of
abnonnality with accuracy such that a clogging or residual gas generated
due to deterioration with age of the lam nmar flow el enent as being 5 the
resistive element 3 can be found suitably. In addition, since a reference
instrument for flowrate calibration beconmes unnecessary and its
calibration tine al so becones unnecessary, a gas line can be sinplified
and a cost can be reduced as well. Furthernore, if the downstream side
flow rate contARQlinty ik yss [2AMC lsase@slt, @venhdugh therci e Btampld a bet paRgippoisi bl e
to conduct a diagnosis, thereby further sinplifying the diagnosis.
Especially, conpared with 10 a case of conparing a nmass flow rate

i ntegrated valiyéepyssereivalug ajmqspp)isfiuamee is ppqiwd fieNthemisch eAchrdinglwitiset  f or
either the G LIFE diagnosis or the ROR diagnosis without being restricted
by a condition for obtaining a specified. value in case of conparjng a

Vol Ume val e, PRSI ' GG I Endis GhAN el e Ay Vel SRR Ay NS cod e
conducted, which makes it is possible to conduct an inline diagnosis in a
Sém con duct or oPIAGEP gasfrﬁicgfl?c%rdﬁg foﬁc{%ﬁ&'atli% vith a'vp&edlc?‘[gl%ﬁ)'asf ogx%hj:l?{ent Idpelnd
possi bl e to provide &i erential pressure ?ype mass flow control Fer A
havi ng a superior diagnostic nechani smsuch that a trouble such as cl oggi ng
of the resi stict@istai@dnt Bcad fad bouRd SHbddaPhYsiRBd rdibdice IeRuneing@nosi s of
exi stence of abnormality can be conducted in a short period of tine with
accuracy. 32 |In addition, since the |amnar flow el enent having the

nonl i near pr opewtajc ¢abbrasmcbeamnes unnecessary and its calibration time also becomes unnecessary,

a gas line can be simplified and a cost can be reduced as well.  Furthenmore, if the
downstream side flow rate controf valve 2V¢ closes even for a moment, it becomes possible
to conduct a diagnosis, thereby further simplifying the diagnosis.  Especially, compared with

10 acaseof comparing a mass flow rate integrated value itself, P 1{P2)start, P1(P2)enp can be
freely set for either the G-LIFE diagnosis or the ROR diagnosis without being restricted by a
condition for obtaining a specified value in case of comparing a volume value.  As aresult, a
highly accurate and ease diagnosis can be conducted, which makes it is possible to conduct an
inline diagnosis in a semiconductor process further more casily.

15 More specifically, it is possible to provide a ditferential pressure type mass flow
controller A having a superior diagnostic mechanisim such that a trouble such as clogging of
the resistive elerment 3 can be found suitably and that the diagnosis of existence of abnormality

can be conducted in a short period of time with accuracy.



the resistive elenent 3, it is possible to nake the pressure change
relative to the flowrate change big in a low flow area and to make the
pressure change relative to the flow rate.change snall in a high flow
area, resulting in obtaining a flat flow rate accuracy collectively. 5 1In
addition, in case that the conparison result in the conparing section 2h
shows that the diagnostic volune value V differs fromthe specified vol une
value VO, since the diagnostic result output section 2i that outputs the
exi stence of abnormality of the resistive elenment 3 to the display device
is arranged, it is possltbheitothkmind Hew olecurt hengethofionliadanaopadyituged as t he
resistive elenment 3 without fail. 10 The present clained invention is not
limted to the above-nenti oned enbodi nent. For exanple, this invention can
be applied to b Eidyhdenrat ot iaposalle gumake grpresive ehAnss relalve (o the fpsrile
configuration is the same as that of the first enbodlnent at least in a

int that the, di t th i ted
Val e i3 set St RE LR ARG oo BBt R PR e i Bh Tl 1

state of being free froma residual gas. 15 If a residual gas exists, the
di agnosti ¢ paraneieh; e At 16911‘?[[11]@% ((}iﬁfm‘ﬁhgkzlf‘llatt h&y sReLLih&doh@livg, 1 purge

is conpl etely conduct'ed and ho di fferent of gas In"a previous process
stays behind, the diagnostic paraneter coincides with the specified val ue.

Then, for gx arrpl e, hiaddhise, it fss thithie: ce@ipuien teiultih ickbinpding sRasl ZBhbwy eads a
different 33 value (Yes in the step S 108), the conparing section further
obtai ns a data whether a kind of the

that the diagnostic volume value V differs from the specified volume value Vy, since the

diagnostic result output section 21 that outpuis the existence of abnormality of the resistive
element 3 to the display device is arranged, it is possible to know the occurrence of
abnormality in the resistive element 3 without fail,
10 The present clarmed mvention is not limited to the above-mentioned embodiment.
FFor example, this invention can be applied to a diagnosts of a residual gas.
In this case, a basic configuration is the same as that of the first embodiment at Jeast
n a point that the diagnostic parameter, wherein the mass flow rate infegrated value is set as
the parameter, is compared with the specified value in a state of being free from a residual gas.
15 Ifaresidual gas exists, the diagnostic parameter does not coincide with the specified vatue
If purge is completely conducted and no different kind of gas in a previous process stays
behind, the diagnostic parameter coincides with the specified value.

Then, {or example, in case that the volume in the first embodiment reads a ditferent



gas is changed or not prior to (just before) diagnosis, if there is a
change, the conparing section outputs that the abnormality is due to

exi stence of the residual gas through a di gn03|s result output section.
The di agnosis result output section may f&?ther out put a request for 5
purge. In accordance with this arrangenent, it is possible to preferably
apply a single mass flow controller to a case of controlling a flowrate
of several different kinds of gas (rmulti gases). Mire specifically, it is
possi ble to judge and di agnose whet her purge of the mass 10 fl ow

controll er, conbaCtesd thestgeadeS)othe chiamghggctidndlukicnabtofs adae vgabaadntdrodtheed by
the mass flow controller; is appropriate or not (whether a residual gas
exi sts or not) eaS|Iy and in a short eriod of t rue without other

di fferent arr &ftjérsHeed ‘EV@ﬂPETGIa{P (st bcff@tﬁ)p@d@pw diherrtis afhapaeds reaitg pe mass
flow controller for controlllng a fIOM/rate of the multi gases, it is
possible to contro mul ti \ccuracy by
Femoving an adoargerplin o dislhiby But Do Thiios RS Rul bt PEEHSTY
exanpl e, the diagnostic paranmeter nay use a tinge-integrated value of the
pressure duri ngfk &ﬁpdt ey akp, dl!;l%blg fh@ul@faﬁﬁ@é&tﬁm%&ytf ot Alykh a RYGG BF the
outl et side changes froma predeterm ned first preéssure to a predeterm ned
second pressure, a value other than the J1 mass flow rate integrated val ue
and the vobunpufubow rate integrated value may be used as far

In accordance with this arrangerment, it is possible to preferably apply a single mass
flow controller to a case of controlling a flow rate of several different kinds of gas (multi
2ase8).

More specifically, it is possible to judge and diagnose whether purge of the mass

10 flow controller, conducted in case of changing the kind of the gas controlled by the mass flow
controlter, is appropriate or not (whether a residual gas exists or not) easily and in a short
period of time without other different arrangement.  Eventually, for a differential pressure
type mass flow controller for controlling a flow rate of the multi gases, it is possible to control
the flow rate of the multi gases with high accuracy by removing an adverse influence from the

15 residual gas.

In addition, for example, the diagnostic parameter may use a time-integrated value
of the pressure during the fnterval while the pressure at the inlet side or the outlet side changes

from a predetermined first pressure to a predetermined second pressure, a value other than the



as it can be calculated fromthe tinme-integrated value of the pressure. In
this case, the specified value should be tailored to the kind of the

di agnosi s parameter. Furthermore, in case, of using the mass flow rate
integrated value, the specified value is obt ai ned by a 5 previously
conducted experinment or by simulation. In this above-nentioned enbodi nent,
the lamnar flow clenent having a nonlinear property referred to as a
non-linear restrictor is used as the resistive elenment 3, however it may
be appropriately varied to other resistive element 3 tailored to the

enbodi nent . | maeddew rabmitegrhied stharand thewblogie dowtriieineadict! vitiougaofe ustiessitant er val
to be used for the 10 integration cal culation nmaybe appropriately varied
tailored to the enbodi ment. For exanple in case that the first pressure
val ue as bei ngsitk# tcaleplated fpmGredme tiaaaiebedne! peessure VEDgesadc bei ng t he
end limng that is different fromthe first pressure value are specified

and the fl ow rate ca nt r.ol Y. e is.closed, the mass flo .e may be
integrated durPRg e u?%?g J%FM@P%ﬁﬁ“?ﬂ&ﬁgﬁwéwﬂﬁP@&@d?@“ba W‘m?ﬁﬁﬁﬁi second
pressure value and a value of a diagnostic paranmeter nmay 15 be deternined
by malting us %a@fof L thdheg el ede M@g‘d@d 33 u@ﬂﬂ @fﬁ%@ Bliucib Pokifiabygase, APL

(AP2) is not calculated on a case-bBy-case s but may be stored in a

menory previously. In addition, the dlagn05|s result output section 2i is
so arranged tor@ishgutaiibeed epti@nadyefmadioer mality to the display device.
however; a device to which the result is output 35 is not I[imted to the

display like this enbodinment, and the result may be, for exanple, printed
In this above-mentioned embodiment, the laminar flow element having a nonlinear

property referved to as a non-linear restrictor is used as the resistive element 3, however it may
be appropriately varied to other resistive element 3 tailored to the embodiment.
In addition, the start timing or the end timing of the interval to be used for the
10 integration calculation may be appropriately varied tailored fo the embodiment.  For example,
1n case that the first pressure value as being the start timing and the second pressure value as
being the end timing that 3s different from the first pressure value are specified and the flow
rate control valve is closed, the mass flow rate Q may be integrated during the interval from
the first pressure value to the second pressure value and a value of a diagnostic parameter may
15 bedetermined by making use of the integrated value as a parameter,  In this case, AP1(AP2)
15 not calculated on a case-by-case basis but may be stored in a mernory previousty.
It addition, the diagnosis result output section 21 is so arranged to output the

existence of abnonmality to the display device, however, a device to which the result is ouiput



out. Furthernore, the flowrate control valve may conprise other than the
flowrate control valve of the differential pressure type nass fl ow
controller. For exanple, in the 5 secondg%nbodinent, the differential
pressure type mass flow controller A conprises the upstreamside flow rate
control valve 2Vb and the downstream side flow rate control valve 2Vc,
however, the downstream side flow rate control valve 2Vc nmay be arranged
outside. In addition, especially in the above-nentioned G LIFE di agnostic
type, a single differential pressure sensor 7 that nmeasures a differenti al
pressure bet weemnt hiottdl tethdsisphy bikahis dBbadesdns tindige ehdimeatbenfaycxbapligeidicds
showmn in Fig. | 1 instead of the inlet side sensor 4 and the outlet side
sensor 5 as being the absol ute pressuresensor. Wth this arrangenent, since
it is possibl®to reduce an influence froma noise of the pressure sensor
and a cost as well, it can be wused further nore preferably for a fluid
whose pressure changes,. A reason why limted to "especially.ipn the

Above- hent oned G Lr g Bethe HeaiaRih Roup ST i B {acuunm i s
connected in the secondary side for the GLIFE diagnostic type, it is
possible 10 olbbovdr M alRISi BreuRii RRaks fdASnbIRAN Fck adRANYRI ue of

the differential pressure sensor the pressure in the secondary side
set as a reference (zero). In addition, either one of the inlet side sensor
4 and the dut kebndirmtiedsens dr dilastifleiagradpe helabsalulle Apapaus tesensor
(tor exanple a sensor at the upstreamside is the absolute pressure
upstream side flow rate control vatve 2Vb and the downstream side {low rate control valve
2V ¢, however, the downstream side flow rate control valve 2Ve may be arranged outside.
In addition, especially in the above-mentioned G-LIFE diagnostic type, a single
differential pressure sensor 7 that measures a differential pressure between both ends of the
10 resistive clement may be used as shown in Fig. 11 instead of the inlet side sensor 4 and the
outlet side sensor 5 as being the absolute pressure sensor, With this arrangement, since it 1s
possible to reduce an influence fiom a noise of the pressure sensor and a cost as well, it can be
used further more preferably for a fluid whose pressure changes.
Arcason why himited to “especially in the above-mentioned G-LIFE diagnostic
15 type”is; since a chamber (vacuum) is connected i the secondary side for the G-LIFE
diagnostic type, it is possible to obtain a (low rate in a primary sicde from a reading value of the

difterential pressure sensor 7 with the pressure in the secondary side set as a reference (zero).

In addition, ¢ither one of the inlet side sensor 4 and the outlet side sensor 5 as being



sensor as shown in Fig. 12) and the differential pressure sensor 7 maybe
conbi ned. Furthernore, the flowrate control valve may conprise a val ve
different froma control valve of the dlthgrentlal pressure type nmass fl ow
controller. In addition, the flowrate 5 control valve may use a val ve
arranged on an upstrean15|de or a downstream side of the differential
pressure type mass flow controller in a flow channel to which the
differential pressure type mass flow controller is connected. In addition
to the above-nentioned i nput of a signal to conpul sory nake the vale in a
cl osed state, theabsante prssuicspusor (for examiphop deroi dreapgegueide e theabalttiopratsizcal |y
control the 1.0 differential pressure type nmass flow controller A as a
trigger to operate the di nost| n%chan|sn1 Concretely, as shown in Fig.
13, a noni t or SEERTISEHVILN; §> ﬁﬁ%q HE RN P EE SES iRy i*cmﬁ BHdk tion to
start a diagnosis during- a sequence to automatically control the
differential press j chanlsn1
An object of a tri gg{ﬁhc&%@% t”@@(ﬁ Efi C cwilt?o(w'il{/u 1?1f(ton{rpq cfh \gﬂ\%gean b ongg t of"
predeterm ned condition", to be descrlbed | ater, to make the vaIve in a
closed condi t i@l idlvaddickdiRRtA pﬁ‘tssﬁll QR ,ﬁammo Qmﬁiglldm kig dam‘on M@h(\/\eld@ a
closed state. More concretely, simlar to lie first embodi ment, for
exanple, in case that the flow 37 control valve 2Va is arranged on the
upst r eam sbde cofittoheslveesinatse ¥ ealel aamenrt] o8 an @psdescdidept b dowiofream side of the

differential pressure type mass flow controller in a flow channel to which the ditferential
pressure type mass flow controdler is connected.

In addition to the above-mentioned mput of a signal to corapulsory make the vale in
a closed state, a user may input a tinting during a sequence to automatically control the

10 differential pressure type mass flow controller A as a trigger to operate the diagnostic

mechanisin.

Coneretely, as shown in Fig. 13, a monitor section 2z is arranged to monitor a trigger
condition to start a diagnosis during a sequence to avtomatically control the differential
pressure type mass flow controller in a diagrostic mechanism. — An object of a rigger

condition to be monitored can be an object of “a predetermined condition”, to be described

[
(62}

later, 1o make the vatve in a closed condition, 1n addition to a close command to make the

valvein a closed state,

More concretely, similar to (he first embodiment, for example, in case that the llow



"the flow rate control valve 2Va is operated so that the pressure detected
inthe inlet side sensor 4 becones higher than a value of the first
pressure P 1 srnmas being the start pressyre and the signal to make the
flowrate control valve 2Va in the cl osed state is output to the valve
control 5 signal output section 2e" can be nade to be an object to be
nonitored as the above-nentioned condition. Then in case that the nonitor
section 2z finds this description, a self-diagnosis can be conducted at
the timng described nn the predeterm ned condition. In addition, simlar
t o the second ®nddilnelita is frongebonmpl vpstcam stlasttht tesittive hiemed Syndkaipam i de
flow control valve 2Vc is arranged on the downstream side of the resistive
10 el ement 3, description of "the downstream side flow rate control valve
2Vc is operat eglcélﬁ“'tlﬁawmiﬁle\fdbﬁeéé’gﬁﬁ)ébleléfﬂ wdlab fre presturedelsgied witheapldsideswssr 5
becones | ower than a value of the first pressure P2s r,armas being the

tart . t i de f
A B SRS SR R S N N
out put section 2E" can be nade to be an object to he nonitored as the

above- nent i oneghhgenghitd ow; 1@%@01‘;%1 v CAS Gy t'hbélB%H gﬁtcm Pb 1R8G1NE Qi

finds this description, a self-diagnosis can be conducted at the timng
described in the predeternlned condition. As aresult, if the timng when a
user want s5t o sposiduiptt stdiien €1 din B A@RAS bSan ¢bjertd bd @onitodd st thoebdye-adatcedi ned
condition as being the object to be nonitored by the nonitor section 2z, 38

it is possible to conduct the self diagnosis at the tim ng described in the
pr edet er m ned condition. Then in case that the monitor section 2z finds this description, a self-diagnosis can

be conducted at the timing described in the predetenmined condition.
In addition, similar to the second embodiment, for example, in case that the
downstream side flow control valve 2Ve is arranged on the downstream side of the resistive
10 element 3, a description of “the downsiream side flow rate control valve 2V ¢ is operated o
that the pressure detected in the outlet side sensor 5 becomes lower than a value of the first
pressure P2srarr as being the start pressure, and the signal to make the downstream side flow
rate control valve 2Ve in the closed state 1s output to the valve control signal output section
2E” can be made to be an object to be monitored as the above-mentioned condition.  Then in
15 case that the monifor section 2z finds this description, a self-diagnosis can be conducted at the
timing described in the predetennined condition.
As aresult, if the timing when a user wants to conduct the self-diagnosis is written

as the predetermined condition as being the object to be monitored by the monitor section 22,



condition. As nentioned, it is possible to designate the timng when a user
conducts the self- diagnosis freely with a sinple operation to wite the
timng when the user wants to conduct 5t e sel f-diagnosis into the
sequence. In addition, there is no need of""adding a special commend and it
is possible to incorporate this diagnostic nechanisminto a conventi onal
systemeasily. In addition, since the valve is set to be in a conpletely
uncontrolled state by closing the valve conpul sory, there will be no
probl em such that the val ve opens abruptly due to an 10 influence froma
noi se |ike a daspossiblato dohéfd husdfatignbss a duntimbly destiibal ib hapretittemapeni ng
degree of the valve becones zero. As a result, it becones possible to
conduct the self-diagnosis with high accuracy. A concrete arrangenent of
each section i€"HHY [inmited to the above-nentioned enbodi ment, and nmay be

variously nodified without departing froma spirit of the invention. 39

CLAIM5 1. A diagnostjc chanismin a ss flow controller (A conprising a
val ve control signal Uttt (%’sl IEP?%EM?CQ@B%@;E PIREE VETE BEFEs™ d%CfSE‘h"an“P’ f or
making a valve (2va) arranged in a flow channel (1) wherein a fluid flows
in a closed st@bfosisFreRy Wil AIMIEGRIMNANE vwIRAhd BFink 480 hb&kr LER8H UGuA

detection signal” from pressure sensors
5 theself-diagnosis into the sequence.  In addition, there is no need of adding a special

commend and it is possible to incorporate this diagnostic mechanism into a conventional
system casily.

Inn addition, since the valve is set to be in a completely uncontrolled state by closing
the valve compulsory, there will be no problem such that the valve opens abruptly due fo an

10 influence from a noise like a case that the flow rate is controlled so that the opening degree of

the valve becormes zero.  As aresult, it becomes possible to conduct the self-diagnosis with
high accuracy.

A conerete arrangement of each section is not imited to the above-mentioned

embodiment, and may be variously modified without departing from a spirit of the invention.



arranged at an inlet (31) side and an outlet (32) side of a differenti al
pressure generating resistive elenent (3) arranged in the flow channel (1)
respectively, a diagnostic paraneter calcq%§ting section (2f, 2F) that

cal cul ates a diagnostic paraneter having val ue based on a
tune-integrated value of the pressure during an interval 10 while a
pressure at the inlet (3 1) side or the outlet (32) side obtained fromthe
detection signal changes froma predetermned first pressure to a
predet erm ned second pressure in a state the valve (2Va) is closed, and a
conpari ng sectCbAl¥I8h) that conpares a value of the diagnostic paraneter
with a 15 previously determ ned specified value. 2. The di agnostic
mechanismin the mass flow controller (A) described in claim1, and

further conpriki Ayliaapostig mgrhgisose b masdlop contelie iy cespisingn (2i ) that out puts
an existence of abnormality in case that the value of the diagnostic
paraneter differs fromthe specified val ue Jhe di agnostic nechanismin
the mass flow cont rdjl\fgls\" 0?13&)()?%%‘ (H%)d]éﬁ’di‘qli’ (% gli:’)rﬂwlt Oputy? Sl&h‘gjg‘” B e
conprising a flowrate calculating section (21)) that cal cul ates a nass

flow rate of tz(ﬁ'?a)tahéﬂggd RASRY Qe @f\bh@%‘ e ﬁo@ixa%%ﬁs&d@{a@ (31) side and
t he 3etect|on.

the outlet (32) side obtained fro
5 a signal recetving section (2a) that receives a detection signal from pressure sensors
arranged at an inlet (31) side and an outlet (32) side of a differential pressure generating
resistive element (3) arranged in the flow channel (1) respectively,
a diagnostic parameter calculating section (21, 2F) that cafeulates a diagnostic
parameter having a value based on a time-integrated value of the pressure during an interval
10 whileapressure at the inlet (31) side or the outlet (32) side obtained from the detection signal
changes from a predetermined first pressure to a predetennined second pressure in a state the
valve (2Va} is closed,
and
a comparing section (2h) that compares a value of the diagnostic parameter with a

15 previously determined specified value.

2. The diagnostic mechanism in the mass flow controller (A) deseribed in claim 1, and

further comprising



signal, and the diagnostic paraneter calcul ating section (2f, 2F)
cal cul ates the diagnostic 1.0 paraneter froma mass flow rate integrated
val ue while the pressure changes fromthe first pressure to the second
pressure. 4. The diagnostic nmechanismin the nmass flow controller (A
described in claim3, wherein the diagnostic paraneter shows a vol une
val ue of the fluid calculated froma 15 pressure difference between the
first pressure and the second pressure and the nmass flow rate integrated
val ue, and the specified value is a volune value of the flow channel (1)
bet ween the val ve (Rlidgapstiandult hepudictdr@inthnaltpptses sustencgeidnainiakig in
resistive elenent (3). 41 5. The diagnostic nechanismin the mass fl ow
controller (A) described in claim3 or 4, wherein the valve (2Va) is
arranged on t Hasafiydtheaale of tardizpposiin sarameterali st from thesresidied ealucs gener at i ng
resistive element (3), and the diagnostic paranmeter cal culating section
(2f, 2F) calculates the mass flowrate integrated value during the
interval while the pressure at the inlet (3 1) side drops fromthe first
pressure to the second pressure. 10 6. The diagnostic nmechanismin the nmass

flow controlley (A qidessicReHrksh if MR SIRY cdhtroller (A) described in claim 1 or 2, and
5 further comprising
a flow rate calculating section (2b) that calculates a mass flow rate of the fluid based
on each pressure at the inlet (31) side and the outlet (32) side obtained from the detection
signal, and
the diagnostic parameter caleulating section (21, 2F) calculates the diagnostic
10 parameter from a mass flow rate integrated value while the pressure changes from the first

pressure to the second pressure.

4, The diagnostic mechanism in the mass flow controller (A) described in claim 3, wherein
the diagnostic parameter shows a volume value of the fluid calculated fiom a
15 pressure difference between the first pressure and the second pressure and the mass flow rate
integrated value, and
the specified value is a volume value of the flow channel (1) between the valve

(2Va) and the dilterential pressure gencrating resistive element (3).



wherein the valve (2Va) is arranged on the downstream side of the
differential pressure generating resistive elenent (3), and the diagnostic
paramet er cal cul ati ng section (2f 2F) calgqlates the mass flowrate 15
integrated val ue during the interval whi | €'t he pressure at the inlet (31)
side rises fromthe first pressure to the second pressure. 7. The

di agnostic nechanismin the mass flow controller (A) described in either
one of d2 claim11 through 6, and characterized by that the differenti al
pressure generating resistive element (3) is a lamnar flow el ement having
a nonlinear property. 5 S. The diagnostic nmechanismin. the mass fl ow
controller (A) described in either one of claiml through 7, wherein the
pressure sensor conprises absolute pressure sensors each of which is
arranged at the Thafiggnogtmpyechgngar in e Masellayueanseller G)dessribrel ipglairkor 4,
differential pressure generating resistive elenent (3) respectively, or
the pressure sensar conpri ses an absol ute pressure sensor 10 arranged at

ei ther one of THe'lnl et (31) side and the outlet (32) of the differentia
pressure generating resistive element (3) and a differential pressure type

sensor arranged bet weank 8z is Bhed ihe @HFeahl e e QffekeRR pressure
5 generating resistive element (3), and
the diagnostic parameter calculating section (2f; 2F) calculates the mass flow rate
mitegrated value during the interval while the pressure at the inlet (31) side drops from the first

pressure to the second pressure.

10 6. Thediagnostic mechanism in the mass flow controller (A) described in claim 3 or 4,
wherein
the valve (2Va) is arranged on the downstream side of the differential pressure
generating resistive element (3), and
the diagnostic parameter calculating section (2, 2F) calculates the mass flow rate
15 integrated value during the mterval while the pressure at the inlet (31) side rises from the first

pressure to the second pressure.

7. The diagnostic mechanism in the mass flow controller (A) described in either one of



9. The di agnostic nechanismin the mass flow controller (A) described in
either one of 15 claiml| through 8, wherein the valve control signal
out put section (2e, 213) outputs a signal/ﬁp make the valve (2va) in the
cl osed state on the condition that the pressure detected by the pressure
sensor shows a predeterm ned value. 43 10. The diagnostic nmechanismin
the mass flow controller (A) described in claim9, in case that the valve
(2Ua) is arranged on the upstreamside of the differential pressure
generating resistive elenment (3), the above-nmentioned condition is that the
pressure 5 delaot ddodhy & hd chressuedbysnsor at the inlet (31) side shows a
val ue higher than the first pressure as being a start pressure 11. The
di agnostic mechanismin the mass flow controller descrlb claim?9,
in case that the val¥eioemsy nus%t&wtéﬁgwIWV%QUWQ%%@M@ lgw Cpifmt“he
differential 10 pressure generating resistive elenent (3), the
above- nenti on at the pressure detected by the pressure
sensor at the?%ﬁ§$pgn%§?)pgpﬁérshoms a value lower than the first pressure
as being a start pressure. 12. A diagnostic nmethod in a nmass flow
controller (A), characterized by that 15 a valve (2Ua) arranged on a fl ow
channel (1) where a fluid flows is changed froman open state to a cl osed
st at e,

5 8. 'Thediagnostic mechanisim in the mass flow controller (A) described in either one of

claim ¥ through 7, wherein
the pressure sensor comprises absolute pressure sensors each of which is arranged at
the inlet (31) side and the outlet (32) side of the differential pressure generating resistive
element (3) respectively, or the pressure sensor comprises an absolute pressure sensor
10 arranged at either one of the inlet (31) side and the outlet (32) of the differential pressure
generating resistive element (3) and a differential pressure type sensor arranged between the

inlet (31) and the outlet (32).

9. The diagnostic mechanism in the mass flow controller (A) described in either one of
15 claim I through 8, wherein
the valve control signal output section (2e, 2F) outputs 2 signal to meke the valve
(2Va) in the closed state oo the condition that the pressure detected by the pressure sensor

shows a predetermined value



a mass flow rate value of the fluid is obtained based on detected values in
all inlet side sensor (4) and an outlet side sensor (5) that detect a
pressure at an inlet (31) side and a 44 pressure at an outlet (32) side of
a differential pressure generating resi stive el ement (3) arranged in the
fl ow channel (1), the mass flowrate value is received and at a tine when
the flowrate control valve (2Ua) is set in the closed state, a diagnostic
paranmeter is calculated froma nass flowrate 5 integrated val ue during an
interval while the pressure at the inlet (31) side or the outlet (32) side
changes froma first pressure to a second pressure, and a value of the

di agnostic paraneter aid a specified value are conpared. 13. A differenti al
pressure type mass flow controller (A) Characterized by conprising 10 a
f1ow rate contlPolhediepestic perymign rathepedss dawaontiaiy (Ghdsagied (nganmﬁer eafluid
flows, a differential pressure generating resistive elenment (3) that
conprises an inlet (3 1 into j¢ch.the fluid flow ngfomthe.fl ow rate
control val ve (ZVH)g?gm%ﬁﬂﬂgd@h§ghéﬂﬁa%ﬂ%' @1@%W”b§§}§$¥ghFaﬁﬁﬁﬂh he fluid
is discharged and that generates a differential pressure between the inlet
(31) and the = N 2 I Lo WEP-T o R 2y Fie XTak hat.d.seanr d
Conti puous £ o Hrer Four el Pl T o R in Shnd et B IRERS
detects a pressure of the fluid flowing in the flow channel (1), an outlet

si de sensop ( DpictbrBty theprakiird B@gesd aCBShichBOsickBowhevafk owhatianmel find1) at the

pressure as being a start pressure.

11. The diagnostic mechanism in the mass flow controller (A) described in claim 9,
in case that the valve (2Va) is arranged on the downstream side of the differential
10 pressure gencrating resistive element (3), the above-mentioned condition is that the pressure
detected by the pressure sensor af the outlet (32) side shows a value lower than the first

pressure as being a start pressure.

12. A diagnostic method in a mass flow controller (A), characterized by that
15 avalve (2Va) arranged on a flow channel (1) where a fluid flows is changed fiom an
open state to a closed state,
amass {low rate value of the fluid is abtained based on detected values in an inlet

side scnsor (4) and an outlel side sensor (5) that detect a pressure at an inlet (31) side and a



outlet (32) side and that detects a pressure of the fluidflowing in the

fl ow channel (1), 45 a diagnostic paraneter cal culating section (2f, 2F)
that obtains a mass flowrate integrated value froma pressure value at the
inlet side sensor (4) that drops in case tfat the flow rate control valve
(2va) is changed froma flow rate control state to a closed state by neans
of integrating calculation and that further obtains a diagnostic vol une

val ue by 5 substituting the obtained mass flow rate integrated value into
gas laws, and a conparing section (2h) that conpares the diagnostic vol une
val ue obt ai nedéspurt ften odlcagnpsiciof a pidiamet @essoakaithdng rgstsecliman ()2f 2F)
wth a specified volune value. 1.4. A differential pressure type nass fl ow
controller (A characterlzed conprising 10 an upstreamside flowrate
control val ve 42ngsy mehericy ¢ %ﬁgﬂ%ean15|de flow rate control valve (2Vc)
arranged on a flow channel (1) mhere a fluid floms a differential pressure
generating resistive_ ele t hat comp r' an.in |nt whi ch
IR IRERE K IR B R T S

i ntroduced and an outlet (32) fromwhich the fluid is discharged and that
generates a 1.ByvgifhEr @l@t:l'()?éd SQ{ceﬁcﬁkﬁ Sistic E&t@ﬁ@t@l’k LG1atdd 58k {3k n@Rehd e
outlet (32), an Inlet side senso 5 I's arrang ed continuous to the
flow channel (1) at the inlet (31) S|de and t hat detects a pressure of
thefl uid fbowinngyated fahe didi@unGRand ehité t pressuft 06k ik (339 & wersatct (33) that

is arranged continuous to the flow channel (1) at th

side changes from a first pressure to a second pressure, and

a value of the diagnostic parameter and a specified value are compared.

13. A differential pressure type mass flow controller (A) characterized by comprising
16 a flow rate controf valve (2Va) arranged on a flow channel (1) where a fluid flows,
a differential pressure generating resistive clement (3) that comprises an inlet (31)
into which the fluid flowing from the flow rate control valve (2Va) is introduced and an outlet
(32) from which the fluid is discharged and that generates a differential pressure between the
intet (31) and the outlet (32),
15 an inlet side sensor (4) that is arranged continuous to the flow channel (1) at the infet
(31) side and that defects a pressure of the fluid flowing in the flow channel (1),
an outlet side sensor (5) that is arranged continuous to the flow channel (1) at the

outlet (32) side and that detects a pressure of the fluid flowing in the flow channel (1),



46 outlet (32) side and that detects a pressure of the fluid flowng in
the fl ow channel (1), a diagnostic paraneter cal culating section (2f, 2F)
that obtains a mass flow rate integratedzﬁglue flow a pressure val ue at
the outlet side sensor (5) that rises in case that the downstream side
flow rate control valve (2Vc) is changed froma flow rate control state to
a 5 closed state by neans of integrating calculation and that further
obtains a diagnostic volune value by substituting the obtained nmass fl ow
rate integrated value into gas laws, and a conparing section (2h) that
conpar es the di agnostdignett parenstal caleulahpaiaied(2,AF) tha obdinagmostiiow rgar anet er
cal cul ating section (2f, 2F) with a specified volune val ue.

integrated value from a pressure value at the inlet side sensor (4) that drops in case that the

flow rate contro! valve (2Va) is changed from a flow rate control state to a closed state by

means of integrating calculation and that further obtains a diagnostic volume value by

5 substituting the obtained mass flow rate integrated value into gas laws, and

a comparing section (2h) that compares the diagnostic volume value obtained in the

diagnostic parameter calculating section (2f, 2F) with a specified volume value.

14. A differential pressure type mass flow controller (A) characterized by comprising
10 an upstream side flow rate contrel valve (2Vb) and a downstream side flow rate
control valve (2Ve) arranged on a flow channet (1) where a fluid flows,

a differential pressure gencrating resistive eternent (3) that comprises an inlet (31)
into which the fluid flowing from the upstream side flow rate control valve 2Vb) is
introduced and an outlet (32} from which the fiuid is discharged and that generates a

15 differential pressure between the inlet (31) and the outlet (32),

an inlet side sensor (4) that is arranged continuous to the flow channel (1) at the inlet

(31) side and that detects a pressure of the fluid flowing in the flow channel (1),

ant outlet side sensor (8) that is arranged continuous to the flow channel (1) at the



46

outfel (32) side and that deteets a pressure of the fluid flowing in the flow channet (1),

a diagnostic parameter calculating section (21, 2IF) that obtains a mass flow rate
mtegrated value from a pressure value at the outlet side sensor (5) that rises in case that the
downstream side flow rate control valve (2V¢) is changed from a flow rate control statc to a
closed stale by means of inteprating calculation and that further obtains a diagnostic volume

ralue by substituting the obtained mass flow rate integrated value into gas faws, and

a comparing section (2h) that compares the diagnostic volume value obtained in the

diagnostic parameter caleulating section (2f, 2F) with a specified volume value,



