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TECHNICAL FIELD OF THE INVENTION

[0002] The invention relates in general to methods and
systems for validating the performance of a mass flow
controller, and more particularly, to validating the
performance of a mass flow controller using a rate of

rise flow standard.

BACKGROUND OF THE INVENTION

[0003] Modern manufacturing processes sometimes require
precise stoichiometric ratios of chemical elements
during particular manufacturing phases. To achieve
these precise ratios, different process gases may be
delivered into a process chamber during certain
manufacturing phases. A gas panel may be used to
deliver these process gasses to a process tool with
one or more chambers or reactors.. A gas panel is an

enclosure containing one or more gas pallets



deliver these process gasses to a process tool wth

one or nore chanbers or reactors. . A gas panel is an
wer@bosuie containing one or nore gas pall et sdedi/vstoesio24084

to deliver process gases to the process tool. The gas

panel is in turn conposed of a group of gas pallets,

which is itself conposed of a group of gas sticks.
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constructed by interfacing a flow sensor and
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flom’%f@§£{iféid and a valve matrix channel the outlet of
each gas stick to the process chamber.

[0005] To achieve a certain stoichiometric ratio, a process
tool controller asserts setpoints to the mass flow
controllers, and sequences the valve matricés,
associated with certain gas sticks. The indicated
flow value is output by the mass flow controller of
each gas stick and monitored by the process tool
controller.

[0006] A mass flow controller (MFC) is constructed by
interfacing a flow sensor and proportioning control
valve to a control system. The flow sensor is
coupled to the control system by an analog to digital
converter. The control valve is driven by a current
controlled solenoid valve drive circuit. A mass flow
measurement system is located upstream of the control
valve. The control system monitors the setpoint
input and flow sensor output while refreshing the
control valve input and indicated flow output:

Closed loop control algorithms executed by the

embedded control system operate to regulate the mass



coupled to the control system by ah analog to digital

converter. The control valve is driven by a current
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where process chamber 130 is used as a flow
verification tool. To verify mass flow controller
120, a setpoint signal is input to mass flow
controller 120 which in turn begins flowing gas to
process chamber 130. As the volume of process
chamber 130 is known, a primary flow measurement
technique known as rate-of-rise may be utilize to
measure the flow into that volume. This method
utilizes the conservation of mass principle and the
equation of state of the gas to derive a relationship
between the pressure in a fixed volume and the flow

(mass flow) into that volume. The equation is given

AP-V
n‘z——fz—— Eqg. (1)
At 4

as,

where AP is the change in pressure over the interval

At, R is the universal gas constant, T is the
absolute temperature of the gas, and V is the volume

of the measurement chamber. Eg. 1 utilizes the ideal



chanmber 130 is known, a primary flow nmeasurenent
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utilizes the conservation of 4uss principle and the
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bet ween 20 and 60 liters. Due to many ot her
[00@Inst rBIGHRE, 2 shows the amount of time required to achieve

a given change in pressure for some typical flow
rates using typical process chamber 130 of between 20
and 60 liters. Due to many other constraints, a
minimum pressure of 0.1 Torr may be required to
initiate the measurement, and 0.3 Torr minimum
accumulated pressure required to make the
measurement. As a result, to perform a single flow
point validation of a 2 sccm flow can require up to 5
minutes and verification of a mass flow controller
may then take as long as 30 minutes. This lengthy
validation cycle decreases the tool availability and
adds cost to the user.

[0010] In addition to the slowness of the measurement, the
accuracy of the measurement is typically no better
than +/-5% of.the reading. The primary contributing
errors are: errors in temperature, errors in chamber
volume, ahd unaccounted for gases (adsorption or
desorption) .

[0011] Other methods of validating mass flow controller 120

\ may utilize a secondary volume in parallel to process

chamber 130 to measure flow. However, these methods
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SUMMARY OF THE INVENTION

[0013]

[0014]

Systems and methods for flow verification and
validation of mass flow controllers are disclosed.
These systems and methods are capable of measuring the
dynamic performance of a mass flow controller and may
perform flow verification and measurement in one step.
According to one embodiment, two volumes may be used in
conjunction to accurately determine a tdtal volume
during a measurement sequence, minimize false flow
conditions and reduce sensitivity to pressure
transients. A mass flow controller may bé coupled to a
measurement system. The mass flow controller may be
commanded to a specified flow and the system may begin
flow measurement. Gas 1s accumulated in a volume
between the mass flow controller and the measurement
system and the pressure measured within this volume.
Gas may‘then flow into a known volume and the pressure
measured. The various measurements taken during the
two intervals may then be used to calculate the volume

between the mass flow controller and the measurement



nmeasure dynam c performance and validate a mass fl ow
controller, while sinmultaneously inproving the
wa@ewdaisnys of the validation process by reduci nBCT/US2005/024084
measur enent uncertainties. SUWARY OF THE | NVENTI ON
[0013] Systens and nethods for flow verification and
validation of nmass flow controllers are discl osed.
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bet wggn the BRSSHHl ewrgontrol ler and the
measur enent system and the flow rate. The flow rate,
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second data includes the change in pressure over the
second interval.

[0018] In still another embodiment, the first volume is
determined by receiving an input.

[0019] In other embodiments a system for measuring a flow
through a mass flow controller is coupled to the mass
flow controller downstream of the mass flow controller,
the system includes a chamber, a first valve coupled to

' the chamber upstream of the chamber, a second valve
coupled to the chamber downstream of the chamber and a
pressure sensor coupled to the chamber upstream of the
first valve. .

[0020] In still other embodiments, the system is operable to
collect first data pertaining to a first volume during
a first interval and collect second data pertaining to
a second volume during a second interval;

[0021] In some embodiments, the second data is collected

before the first data is collected.



[0015] In one enbodinent, first data pertaining to a

first volunme is collected during a first interval is
weoloectied, second data pertaining to a secondPUDUSINBS/024084

is collected during a second interval, the first

volune is determ ned and the flow cal cul ated. [0016]

I n anot her enbodi nent, the first volunme conprises
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and col l ect second data pertaining to a second vol une
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controller may be commanded to a specified flow and the
system may begin flow measurement. The various
measurements taken during this interval may then be
used to calculate the flow rate. The flow rate, in
turn, may be used to determine the accuracy of the mass
flow controller relative to a setpoint.

[0024] In one embodiment, first data pertaining to a first
volume is collected during a first interval, a first
flow is then calculated and adjusted based on an error
curve.

[0025] In another embodimeht, the error curve is determined by
fitting a derived error curve to a set of error points,
including a set of determined error péints, wherein
-each determined error point is determined by:
collecting second data pertaining to the first volume
during a second lnterval at a first setp01nt with a
choking orifice in an open position; calculatlng a
second flow based on the second data; collecting third
data pertaining to the first volume during a third
interval at the first setpoint, with the choking

orifice in a choked position; calculating a third flow



[0021] In sone enbodi nents, the second data is

coll ected before the first data is collected.[0022] In
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the second data is collected.8 [0023] According to yet

anot her enbodi ment, a choking orifice may be used in

conjunction with a volune to accurately determ ne a
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[0029] In one more embodiment, the set of error points
includes a set of observed error points, wherein each
observed error point is determined by: collecting
fourth data pertaining to the first volume during a
fourth interval at a second setpoint and calculating a
fourth flow based on the fourth data.

[0030] In still another embodiment, the error curve is
adjusted based on a type of gas.:

[0031] In one embodiment, a system is coupled to the mass flow
controller downstream of the mass flow controller, the
system comprising, a chamber, a first valve coupled to
the chamber upstream of the chambér, a pressure Sensor
coupled to the chamber downstream of the chamber and a
choking orifice coupled to the chamber upstream of the
pressure sensor.

[0032] In a particular embodiment, the system is operable to
collect first data pertaininé to a first volume during
a first interval and calculate a first flow.

[0033] These, and other,'aspects’of the invention'will be

better appreciated and understood when considered in



each determned error point is determ ned by:

col lecting second data pertaining to the first volune
waenosigriac second interval at a first setpoint, PEd/UB2085/024084

choking orifice in an open-p&sition; calculating a

second fl ow based on the second data; collecting third
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[0035]
[0036]
[0037]

[0038]

[0039]

and of the components and operation of systems provided
with the invention, will become more readily apparent
by referring to the exemplary, and therefore
nonlimiting, embodiments illustrated in the drawings,
wherein identical reference numerals designate the same
components. Note that the features illustrated in the
drawings are not necessarily drawn to scale.

FIG. 1 includes an illustration of a conventional prior
art system for validating a mass flow controller using
a process chamber.

FIG. 2 includes a graph of the time required to achieve
a change in pressure for some typical flow rates when
utilizing a process chamber in the fléw verification
process.. ‘ ‘
FIG. 3 includes a block diagram of one embodiment of a
system for the validation of a mass flow controller.
FIG. 4 includes a graph of pressure as a function of
time utilizing one embodiment of the methods‘depicted.
FIGs. 5-8 include flowcharts depicting‘ﬁarious

embodiments of methods to perform flow verification or



[0030] In still another enbodi nent, the error curve is
adj usted based on a type of gas. [0031] In one
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system conprising, a chanber, a first valve coupled to
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DESCRIPTION OF PREFERRED EMBODIMENTS

[0044] This application 1s related to United States Patent
Nos. 6,343,617, entitled “System and Method of
Operation of a Digital Mass Flow Controller,” by
Tinsley et al., issued on February 5, 2002;
6,640,822, entitled “System and Method of Operation.
of a Digital Mass Flow Controller,” by Tinsley et
al., issuéd on November 4, 2003; 6,681,787, entitled
“System and Method of Operation of a Digital Mass
Flow Controller,” by Tinsley et al., issued on
January 27, 2004; 6,389,364, entitled “System and
Method for a Digital Mass Flow Controller,” by Vyers,
issued on May 14, 2002; 6,714,878, entitled “System
and Method for a Digital Mass Flow Controller,” by
Vyers, issued on March 30, 2004; 6,445,980, entitled
“System and Method for a Variable Gain Proportional—‘
Integral (PI) Controller,” by Vyers, issued on
Sepfember 3, 2002; 6,449,571, entitled “System and
Method for Sensor Response Linearization,” by Tarig

et al., issued on September 10, 2002; 6,575,027,



and of the conponents and operation of systens

provided with the invention, will becone nore readily
wappaents by referring to the exenplary, and tPReT/esm90024084

nonlimting, enbodiments itlustrated in the draw ngs,

wherein identical reference nunerals designate the

sane conponents. Note that the features illustrated in

the deawingsdargaget Fnecessasolry Idtawiace Sdalomit, ” by
[0035] FIG 1 includes an jillustrati_gn

f
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flom’%QQEEQEBG“Eﬁ%&n?ﬁ%tQBQQ%§§ gharhelf [FOQ3blcdriteo@er,

i ncludes a grap e time required to achieve a
changenidn Reflesedr defctuods iyt Yvidsalet [adw r disgsiaghen May

utilizing rogess .C er_in. the fJ verifi cati

pr oce&%f 1%@%7] %Fl%éo’%%l ncleﬁl&ééc lae Obl gg{g Wdi%gjélrearcr%ﬁo]fqu’neparts
enbodigrent] @f cansystien:f onridh&earalicdntMeameaf, “a byadudd,
flow controller. [0038] FIG 4 includes a graph of

p:rgszdﬁ@u&ﬁ &7 PRCEMeF Tof2 i i AR 19204y entitled

enbodinen f S ' ” 8

i ncl udgFefﬁ%g\%cﬁgfridsarﬁgé%Q%t i%&wvagrﬁgcursélg%égjdi r@eﬁﬁ?dsuog%' Lssued

met hods tauneerfegr modsow el friadatriton anrd apndatentinns cited

operation of a mass flow ontrolé r.[.004 04 FIGd 9 :
rQ)rate erein

i ncl udeS T H e RAHGFHAYT e i THERT A" system

for t valddatjon of a mass flow controller. [0041]
FIG 10 includes a bl ock di agram of one enbodi nent of
[004hE Foéemsnmgnofica pach thet Wedrd oasndes TUres Gavt sivagtageous

2nd SRS ML SRS PG A sgcerence
to the nonlimiting embodiments that are illustrated in
the accompanying drawings and detailed in the following
description. Descriptions of well known starting
materials, processing techniques, components and
equipment are omitted so as not to unnecessarily
obscure the invention in detail. It should be
undérstood, however, that the detailed description and
the specific examples, while indicating preferred
embodiments of the invention, are given by way of
illustration only and not by way of limitation. After
reading the specification, various substitutions,
modifications, additibns and rearrangements which do
not depart from the écope,of the appended claims will
become apparent to those skilled in the art from this

' disclosure.

[0046] Attention is now directed to systems and methods for
flow verification and validating mass flow controllers
which are capable of ﬁeasuring the dynamic performance
‘of a mass flow controller. Embodimenté of these '

systems and methods allow for the capturing of the



the geonetry of a path between a mass flow controller

and a systemlike that depicted in FIG 9 . [0043]
WO-R@s/017416 ncl udes a fl owchart depicting one enmPCHUAENG/024084

of a nethod to performflow ¥2rification or validate

the operation of a mass flow controller using the

systemdepicted in FIG 9 . DESCRI PTI ON OF PREFERRED

EMBODLMENT S £ 0044], Fhhsvasp! beaki eNoivscoakabedelroin

United States Patent Nos. 6,343,617, entitled "System

and Mdhodonf topeEat FeR28Y &UBLEI Pahaihss RREwnay be

Cbggéggkgﬁ%iogézgaﬂéh t?ég%kgyw1%ﬁsgﬁd %ga%%b&ﬁ%%yo% at

, stem and t hod
Oper atho8 6bHma. Dhgi t;abhl\/hhs ReawuCentns| kgstembypnd method
Tinsley et al., issued on Novenber 4
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i ssued on January 27, 2004; 6,389, 364, entitled

"SysmentandeNEthdabéeSaaDdgtpamawﬁs§ Hpéwtltatlve
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Com Lo g, MR RS R, SO s ions an

Mass cEhoweCogkHoltber pt bﬁryy@b&umessaedbmmtwhmch 30
2004; 6,445,980, entitled "System and t hod for 2
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by ngﬁa g%ﬁ%%dt%n é%ﬁ&%%%qr et AB%e %.4%&@§7Lolume
entitle ystenlang Met hod for Sensor Response
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transients. The mass flow controller may be coupled to
a measurement system. The mass flow controller may be
commanded to a specified flow and the system may begin
flow measurement. Gas may be accumulated in a volume
between the mass flow controller and the measurement
system and the pressure measured within this volume.
Gas may then flow into a known volumé and the pressure
measured. The various‘measurements taken during the
two intervals may then be used to calculate the volume
between the mass flow controller and the measurement
system and the flow(rate, the flow rate in turn may be
used to determine the accuracy of a mass flow |
controller relative to a setpoint. Similarly, these
systems and methods may also allow the teéting of the
leak through of valves within a mass flow controller.
By signaling a flow rate of zero to a méss flow
controller, detected changes in pressure may be
attributed to leak through of those valves.

[0048] These systems and methods may employ a rate~of-rise

technique to measure the performance of a mass flow



Larsen et al ., issued on June 10, 2003; 5,901, 741,
entitled "Flow Controller, Parts of Flow Controller
war@oRel1aé ed Met hod,” by Mudd et al., issued oPCIVES2003/024084
1999; 5,850,850, entitled *FLow-Controller, Parts of

Fl ow Controller, and Rel ated Method," by Midd, issued

on Decenber 22, 1998; 5,765,283, entitled "Method of

Maki agnar&l 0w Copbiet hehg” thy YHddequsastied off duacelbnd
1998. Al patents and applications cited within this

par agPRPATEABLPDI PY MABSr BELACERREr 5PnOBY LVEf &r SAFelar
[004é%ugbfohnggnﬁhonlathéP% %akk0us f,eabYr 88 @Béermined
advantageous detarls thereof are explained nore fully

wi t hoyeference to the nonlimting enbodi nents that are
illustrated in the acconpanyi ng drawi ngs and detail ed

in the follow ng description. Descriptions of well

known sit ;ﬁ g materials, processing techniques,

conmpone d equi pnent are omtted so as not to
unnecesis&Rill y obscure the jnvention in detail. It

shoul" beapnder st ood, (%Meber, that the detailed
description and the specific exanples, while

i ndi eAtirrgAPr éberthed ceabgei HEnbs esfs Uirlge ovisve iiticodn taraal
given by way of illustration only and not by wa
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t he @ppendedatldaivime swithke bedome afpahentneeeurdrosmt chamber.

skilled in the art fn%n1this . :
The gas compressibility factor Z is typically equal to

unity for light gases and can be significantly less
than unity for heavier molecules such as WFg. Use of
the compressibility factor may improve the accuracy of

flow measurements with non-ideal, compressible gases.

[0049] Turning now to FIGURE 3, an exemplary embodiment of a

hardware arrangement which may be incorporated into the
flow of gas in parallel to a process chamber to
implement the systems and methods of the present
invention is depicted. Rate of rise system (ROR) 300
may be utilized to measure the accuracy of mass flow
controller 120 with respect to a setpoint. Rate of
rise system 300 may be incorporated in the flow of gas
through gas stick 302 to process chamber 130. In one
particular embodiment, valves 350, 370 are downstream
of mass flow controller 120 and upstream of process
chamber 130. ROR 300 may contain chamber 303 between
valves 330, 310 and pressure sensor 320 downstream of
valve 310. Pressure sensor may be of the type commonly
known in the art, capable of measuring pressures from

.1 Torr to 1000 Torr. Chamber 305 typically has a



di scl osure . [0046] Attention is now directed to
systens and nethods for flow verification and

wo ale@atiierg mass fl ow controll ers which are capebiUs200$/024084
measuring the dynam c perforbfince of a nmass fl ow
controll er. Enbodi nents of these systens and net hods
allow for the capturing of thetransient flow behavior
of avélemecent spleerénfaddi 1068 tip tbsasleady,stampared

behavi or and may be operable to cal cul ate f| Lth_an
updaWétha@etﬁPlﬁﬁl!gangSOﬁﬁ.bﬁF§e§Bcﬁ8tﬁ@dngﬁggaéﬁﬁﬁtfor
syst§P%?Qgsngﬁgﬁﬂekslggpable of measuring nmass fl ow
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cont er overshoot, stabilization time, .response
[0050]MeROR epeat mbiy| beycofipihé mehvi bhedfvari abl g8saf@vwngtrean

make uantitative asure of ol er
dynaﬁ?cﬁ?ﬁBmﬁi8HdFPPgﬁgi;ﬁan§gh Bgdugggggoggg(iﬁgpyupStream
vol uge ¢ahibratboandl BR4ZksAcenrilibag 1G00N&he physical
enbodi nent, two volunes may be used in conjuncti

t
accuralehy @ét shri ReURLiBPabPefEraRe VadPERg Srhe 378 &hd 310
”eas%5egégkeégﬂﬁéﬂcﬁyy@bﬁhﬁhz%66@'S%nfhﬁwyc%%@%%kg@®R 300

and reéduceé"sensitiv t0 pressure transients.
massikl evuptetr abl ehemayshetdolpledngo 34 6iessariamemts steel

system The mass fl ontroller may be commanded t
specFPPéHng6%baﬁd'2£;%§yséeﬁpﬁéydﬁéﬁﬁ o Migh Rilr

measyrenent; G@Rsnmay he cacqup atedsitknamegl Wed in the
bet ween the mass flow controll er and the neasur enent

syst emsanghelre gees stiekmBaSuied brili tiHils apbltamd.ransport

moas i BHECTRA N/AF] GOS moSelt eeis Ao dur g the T £
mass flow controller 120, which regulates the volume of
gas which passes through in response to a setpoint,
usually between .1 sccm and 100 liters a minute. If
valves 310, 350 are open and valve 370 is closed, gas
flows from mass flow controller 120 into chamber 305,
however, if valves 350, 370 are open and valve 310 is
closed gas flows from mass flow controller 120 into
process chamber 130.

[0051] In certain embodiments, to enable flow measurement with
ROR 300, wvalve 370 is closed to process chamber 130,
valve 350 is opened to mass flow controller 120 and
valve 310 within ROR 300 is closed. Mass flow
contfoller 120 1is commandéd to a specified flow and ROR
system 300 begins fhe flow measurement. The gas is
accumulated in volume 360 between valves 350, 370 and
valve 310 within ROR system 300. Pressure sensor 320
within ROR 300 is upstreaﬁ‘ofyvalve 310 and this
geometry enables the measurement of pressure within
volume 360. The pressure change as a function of time

may be measured to be used later for quantification of



two intervals may then be used to cal cul ate the vol une

bet ween the mass flow controller and the nmeasurenent
waywbeniand the flow rate, the flow rate in tuPCI/IE3008E24084

used to determ ne the accuraty of a nmass flow

controller relative to a setpoint. Simlarly, these

systens and net hods nmay also allow the testing of the

leakthgrfyga ak %ﬁ&gﬁén%ltﬁkns@mga§§mkl@Mﬁcﬁglﬁ@|3§0-is

By signaling a Frow rate of zero to a mass flow

cont ebbked, adét vefled Shangesoprnpdessireimgy gpe to flow

attributed to | ea hr qu 0 hose, val ves. 48
Thesé?§9sFBﬁ@b§ﬁdgﬁétﬁ%dggﬁa§Oéﬁpﬁoﬁngwpaﬁg}ogkfiLghe
techpi-gygut-@ ABAtYhAckheopBEf abRAReecdl a3 mBSEnction of
flowcontroller, conbining the gas equation of state
and.t@m@ewvéhiQﬁeéﬁuﬁﬁs§eﬁﬁpﬁcgﬁpeéntgcgeﬁﬁ@e a
m | a q [ 0 f4-0 ;
L0 e Pt HEA Uy Babr S DB PP R S oRangs T pr Somr e gearn of
the iaker val gven Rni ¥ TIGUREUMI.velsalcthgas fdgweteanttheT initial
is the absol ute tenperature of th as, Z.is the gas
coiné§§§HFFiFPapgﬁtgFPlgﬁ&dvlﬁstgﬁ% PRI (e & Sample
nmeasyLengat 3@hanber +hEhe eas GRNpIRsSididdd t idctiortekval
is typically equal to unity for |ight gases and can be
S|gﬂb&bcamglanaeasltféwepmﬂvg1§or Teavsecond| etopesstarting
such as WFg. Use of the conpressibility factor .
i npr GWFe 2PRE© afd fsleén%nr‘?éa&?ré’ % 't I is open

non- i.dealys 1GaBIRssibla dases. THIRNNGNN i HME &t ing
, an exenpl ary enbodi nent of a hardware arrangenent
whi clvolmynebd s rider pomdtieh tiimro afherolume 360, and the known

volume of chamber 305. The pressure change with time

is AP, over the time interval At,. Volume 360 may then

be calculated using the expression below.

AP, -V
At,
v ————— i

AR AR
At At

10053] Eg. 3 may then be used in conjunction with Eg. 2 to

determine the flow. The determined flow may then be
compared against the setpoint of mass flow controller
to determine the accuracy of mass flow controller 120.
[0054] Turning now to FIGURE 5, a flowchart for one embodiment
of a method for measuring flow attributes and
validating the accuracy of a mass flow controller is
depicted. This particular‘method may be advantageous
when measuring large flows (gfeater than 200 sccm), as

a larger volume is utilized during the initial



flow of gas in parallel to a process chamber to
i npl enent the systems and nmethods of the present

w0 povefotilon i s depicted. Rate of rise system ( RER/USDO5/024084
may be utilized to measure-thé accuracy of mass fl ow
controller 120 with respect to a setpoint. Rate of
rise system 300 may be incorporated in the flow of gas
t hr oughngasnst neks3@2mbatppdcenrs chawheretid@inonmeasurement
particul ar enbodi ment, valve.s 350, 370 are downstream
of nHBSeFtewEdRfrol | er 120 and upstream of process

[OO§§Pn?ﬁroﬁéopa%@Bcgggrngﬁb%@ﬁh%h@,CQ@EQ%r33@5nﬁ@imﬁﬁ@losed

val ves 330,310 and pressure sensor 320 downstream of
val vby3&0coRtesdusy ssens ondimp tBadoft hiefe at 56 teawmedl y

known in the art, capable of i ressures fr

oS b 6800 o PR T ehe P TER B P IR 2 Cfitioted.

avol wgepehianywhereskr aakesc 300,t 338 ldrteepearetpared a

with a typical volunme of between 10 and 60 liters f%%o :
1s

pr oc¥8SUERaibe T e30. (FE650P IRORPI0OE Ry HE -colef
Intot%@ﬁ Eh%g%@fa %Sd%%%h%%r YO ey RSSId Me initial state
er and va

cont rol ve 350, and upstream of val ve
370 disdepr 6€3s chardhemak30.£ 1 ve qemigicddle rv dlA el Isfwing

the coupling between ,val ves 350, 37Q and 3 I S

- opr BSSRELTng VORI B60 R hiny “CAGAEY R B 3P ected
coupled 0 riihetgasteldivek usitkg 3B .St aiimespsdaalre and
tubing with a .25 to .5 inch dianmeter, though other, ,
mat erticaipesadhiras Mavc ksl TN IHATGst Py GRSEdiTh Rt od using

cace AISLS ATcRH O YR |8 B I8 e conag 320,

110 ti¢, some embodiments, the length of this period may be

| determined by a pressure or time checkpoint. For
example, when the pressure within volume reaches a
certain Torr, the first interval may be concluded. The
pressure at which the first interval concludes may vary
greatly depending on the flow being measured, but is
usually between 10 Torr and 1000 Torr. The first
interval may also be concluded after a predetermined
amount of time, usually at least 10 seconds, but not
more than 60, seconds.

[0056] After the conclusion of the first interval (Step 530),
valve 310 may then be closed (Step 540) and data
collected for a second interval (Step 550). As during
the first interwval, this data may include pressure,
temperature and time, and the length of the second
interval may be determined using the same criteria as
discussed with respect to the first interval above.

[0057] After the conclusion of the second interval (Step 550)

volume 360 and flow attributes may then be calculated

(Steps 570, 580) using Eq. 2 and Eg. 3. Alternatively,



mass flow controller 120, which regul ates the vol une
of gas which passes through in response to a setpoint,
waiswalolibet ween .1 seem and 100 |liters a m nuP€r/Ub1005/024084
val ves 310, 350 are open andlvalve 370 is closed, gas
flows frommass flow controller 120 into chanber 305,
however, if valves 350, 370 are open and valve 310 is
cl osedigﬁﬁ EEOV\@?%B bm[ grapatf l(ewepoBOOO| bed tReni htlow
process chanber . 051] .In certain diments, .to
enabPEtFPBHFﬁﬁa@GVeﬁﬁnFa%FLﬁaﬁéﬂ é@é?pvggsg ¥Pgrgs the

ClOS@QFEQeBrggﬁﬁﬁFQha@H%rfl%@1m&§|¥%e%5@ei%o%@%ﬁ%@.E@ the

Mass ow controller 120 and val ve 310 withi n" ROR 300
i s cbosgdnaMasstbbowtcorit melsksert 10%0 cios teortaerddd Ot ¢ca

specified | d_ROR_syst em 300 _begi £
roasrERER N THOSgR8 18 Sl Ghul AeEd s v St da0™ 120

[oo3et weenyvahves 380erdt@oandwaheee3bd wirddinarRORkill in the
system 300. Pressure sensor 320 within ROR 300 is

upstﬁéﬁnﬁhéﬁ,t@&lVérQP@Saﬁ&eEﬁhs“@@@Hé@FF“&ﬁabﬁgg'the
measyur emeAt  9f, R fRgHER Wik R MU B8R+ fFHied in a wide

pressure change as unction of tine nay be neasured

to beausedyl atfewafyer, duaitidingativor cfortfedll gystem embedded
measur.enent . At sone ti Dt i .valvye 330.is -closed and
valvgl§féni§ogpéﬁ§&eglPg%’nﬁrggglt %quﬁqﬁﬂ%)%%éil%r

305 Qf 1ROR300y @JrRANUQIURE.t hiTRE S eSS @ eadInuas 120,
to be nonitored as a function of tinme with pressure

sens@as3ztick ROR 306 Hoo5Es Ahappidall P ot of the
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measuring flow and validating mass flow controller 120
which may be advantageous for moderate flows (20sccm-
200 sccm) where using the larggr volume of chamber 305
during the initial transient phase is not necessarily
useful.A

[0060] In one embodiment valve 370 may be closed by a control
system indicating that a flow measurement or validation
of mass flow controller 120 is to be conducted. To
conduct a test of mass flow controller, valves 310, 330
are opened and a vacuum is drawn (Step 610) by pump
380. Valve 310 is then closed and data may be taken for
the initial state (Step 620). With mass flow
controller 120 flowing based on a certain setpoiﬁt,
data may then be collected for a first interval (Step”
630). Time, pressure and temperature may be monitored
for a certain period using sensors known in the art,
such as pressure sensor 320. The length of this period
may be determined by a pressure or time checkpoint, as

discussed above with respect to FIGURE 5.



pressure change depicted is that occurring in a sanple

vol ume 360 and the pressure change and tine interval
wae@6DPriie and Dt i receptively. The second sl OpET/US2005/024084

starting at approxi mately 10l8econds is when valve 310

I's open and valve 330 is closed. In the case the

accunul ating volune is the conbi nation of vol une 360,

[ooa@nd abeeknews ¥ehumesebncbanbae 30ostThetpressur&tep 630),
change with time is DP2 over the tine inﬁ rval Dt .
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fl owghathef gecong enbedivaBNh=9f ba dRtkethihed nBdsur ithg same
flow attributes and vaIidath%_the accuracy of a mass
f| owcedherdpl ep Pdsqupsetedithhirespgcti & A emdisd

may Qgtgg¥%ﬂtggggg§ when measuring large flows
(great’er than ) Seen) , as a larger volune is
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the flow, reducin asur enmen ncertainties.. [0Q055
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val i ation of mass flow controller is to be conducted.
To begilumehd e w dlev éSr310, (5330 £ Joperted iy fkow

{acUD SN S 5, AL, 0 D i
stat @ntered volume. The flow may then be compared to the
original setpoint of mass flow controller 120 to

determine the accuracy of mass flow controller 120.

[0063] Once volume 360 between valves 350, 370 and 310 is
determined, flow measurement may be conducted using
only volume 360. In many installations volume 360 is
small (less than 20cc), consequently the pressure
change for a specified flow rate easier to measure,
typiéally reducing the measurement time for a given
flow rate by a factor of five.

[0064] FIGURE 7 illustrates one method for utilizing volume
360 for measuring flow attributes or verification of
mass flow controller 120. This method maf be
particularly effective for flow rates less than 20sccm,
and allow the use of a much shorter measurement
interval. Valve 370 may be closed by a control system
indicating that a flow measurement or validation of
mass flow controller 120 is to be conducted. To
conduct a test of mass flow controller, valves 310, 330

are opened and a vacuum is drawn (Step 710) by pump



(Step 520) . Wth mass flow controller 120 fl ow ng
based on a certain setpoint, data may then be

waeodobectiesl for a first interval (Step 530) . TP@EUS2005/024084
pressure and tenperature maylbe-nonitored for a
certain period using sensors known in the art, such as
pressure sensor 320. In sone enbodi nents, the length

of thgs. peaioed BmY be ﬂﬁéﬁrﬁinsddbynd daéeshakeorfbtnehe
checkpoi nt. For exa when the pressur

vol Ukl eathesahe cé? apn7%8}r FhEDf PREE ?ﬁ?grsgptﬁﬁller

be ¢ @@lfgggln%hSaQéﬁs§Hr§ @ér%@hﬁhsbhﬁoﬁht$tdbﬁbeﬁﬁ§|then
conc udes nmay vary greatly depending on the flow being

measbeedolbattes oseal hyfhesheéntegvFeér (SaRE 1600 2s
Torr.,The first. interval may al so be concluded after a

pr ed8t &FRPREE 398 fit of time, usually at least 10

[003ECORdserbuhenebnbRueibhab£6@hes €dands inft@AFE] ABtep 730),
the conclusion of the first interval (3 30), Ive
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360 and flow attri butes may then be cal cul at ed (Ste
570, a580) busesgmEy. theangeEgalaulafeder(FaeR €%y v a)

e T o s e
of volume 360 (Step 770) Alternatively, volume 360
may be input manually by a user (Step 790) and then
flow attributes may be calculated (Step 780). The
calculated flow may then be compared to the setpoint of
mass flow controller 120 to determine the accuracy of
mass flow controller 120.

[0066] Additionally, once volume 360 between mass flow
controller valve and valve is determined, flow
measurement may be conducted using the known volumes of
chamber 305 and volume 360. This may be useful for
high flow volumes where a large measurement volume is

~ desirable.

[0067] FIGURE 8 illustrates one method for utilizing volume
360 and chamber 305 in combination for flow measurement
or verification of mass flow controller 120. Valve 370
may be closed by a control system indicating that a
flow measurement or validation of mass flow controller
120 is to be conducted. To conduct a test of mass flow
controller, valves 310, 330 are opened and a vacuum is

drawn (Step 810) by pump 380. Valve 330 is then closed



entered volune. The flow nay then be conpared to the

original setpoint of mass flow controller 120 to
walewenoniine t he accuracy of mass fl ow control | ePC/RB82005/024084

[0058] It will be under st ood2By-t hose of ordinary

skill in the art that the various steps, neasurenents,

and cal cul ations may be controlled and performed in a

W degyarigty ohkwaysori tekudhhyiby ataoatﬂstegyﬁﬁémm With

enbedded wi thin ROR system 300, or by the contro

syst@ﬂﬁ%tfl@%eﬁoﬂﬁre%xFﬁné?poﬁlﬁrﬁﬂ InRaser g @ ®tertain

cont S [ ORea ) S e
0058 ST ar 15 PP T RE 61 oot Foachart of bt hod

for mnasnvahg(Step/aaG vakbddiBagsaads abPg®-control | er

o0q, ReD BB beaduant gosgun Lot mmgesaie fhovasceo o)

chanbglv3053dunkpgthbe b@lbp@heﬁraBsE@nB4phasenﬁsfﬂ©M
necessarily useful. [0060] In_one enbodi ment

may b&telbysasbyay EBRLr BF S§sCEAPIREI d&teRg %ﬁat u&lng Q.
f1 ow,mg ﬁé“gg”eﬂt QfL v g&%%@%hgﬂ 0f MBS le@WneRRt rRleeft of

120 |s cohducte 0 con uct a test of mass fl ow
contﬁeuhme,363Iw6$e31@70330aadetbpeﬁ@@waw@l@mﬁa@@umﬁa@ber

drawn (Step._610) by p Val 310 hs th n +C

and 89% n%%tﬁékﬁﬁﬁgﬁﬁggr ﬁg n?&ﬁapagtate H%%%%lly
WLl aessel! Qwrepntool)| ahdl 28kl @Mdﬂgamﬁeﬂlm a

certain setpoint, data nay then be collected for a

firstailoudeted (Step @@@) Finre £ Loedsudeangompared to
tenp%%%t%%%poi%tb%fWRQF o%ﬁ%w controller 120 to determine

the accuracy of mass flow controller 120.

[0069] In many cases, however, the error introduced into a
rate of rise calculation may become significant. More
particularly, as flow rates rise, the length of the
line comprising volume 360 or other fluid elements in
the path, such as valve 350, may alter the rate of
change of pressure within volume 360 relative to the
rate of change of pressure within the known volume of
chamber 305. The alteration of the rate of change of
preséure in volume 360 depends on the geometry of

- volume 360, the flow rate of mass flow controller 120,
and upon the properties of the gas flowing through gas
stick 302, and consequently can make the calculation of
a flow rate and the commensurate verification of mass
flow controller 120 difficult. These effects may
become particularly pronounced at flow rates above 200
scem. Conseqpently, what is needed‘is a way to
eliminate or compensate for these effects when
measuring pressure and pressure changes or calculating

the volume and flow rates.



for a certain period using sensors known in the art,

such as pressure sensor 320. The length of this period
woreysheridet er mi ned by a pressure or tinme checkpoi/ms2008624084

di scussed above with respect2io"FIGURE 5 .[0061] After

the conclusion of the first interval (Step 630), valve

330 may then be closed val ve 310 opened (Step 640) and

data collected for a second interval (Step 550) . A's

during the first interval, thi

r

. : , s, dat a i ncl.ud
[0078deskiy %?rﬁ%h%e?%?%?ém%ﬁﬁst?ﬁe?h%nay?ﬂg%F;aégﬁmth?ﬂg
secopds Lt eryal o may,hendel ef it BeUnySi P hBEdS@aABconjunction
criteria as discussed with respect to the first

i nt ewieh abovbum§0D62kcatireteliedebaelnyBron &fovheate

second i nterval (Step, 650 6
at;r?ﬁﬁ?%@eﬁ5§v?g8ﬁ gBec%%8ﬁ§g?g§°?s§£%§g&%%?gE88?e volume
usi ngoEdredmapd Ee 3hokihyeopatively, Addiuiend@Qyragn

be i nput (Step 690) and then flow attributes, be
cal carapsdcEsYepmegoPeusPhgVERe2BAL &LEHS oPgﬁg&%?ﬂg error

flo h 0 a 0 b ali ' Al

oF t BRafe hhecabikghBabraetpeint of
nas?ﬁ %3%c§%t?g Fgr 1gog?g gete?nine ?herzcéu%acy of
massstibsegaoentiigl, | éLok2fay] be68hlondeted washled use of the

bet ween val ves,350, 370 and 310 .is_determ "
neasGP@ﬁéﬂ? ﬁﬁﬁ%ﬁgecaﬁ u@gégség§n§agﬁﬁyogoﬁﬁ%edfégwephand
many £k pstal batbensyyekune 360 is small (less than

20cc) , consequently the pressure change for a

FIGHRRI § idrbidiow one eekedren dead iRt IWFHE caF Fynoement

;e?g%bgghgggyrggéE%%gEQBrEE%% Lok A +8leven d QW Iple iRy
parallel to a process chamber which can physically
compensate for the upstream pressure dependence through
fluid shorting, or choking of the flow upstream of the
measuring device. As described above with respect to
FIGURE 3, rate of rise system (ROR) 300 may be
incorporated in the flow of gas through gas stick 302
to process chamber 130. In the particular embodiment
depicted in FIGURE 9, a choked orifice 322 is coupled
between ROR 300 and valve 350, immediate to ROR 300.
Choked orifice 322 may serve to diminiéh the effects of
the geometry of volume 360 on pressure measurement and
improve the usability and accuracy of ROR 300.

[0071] Choking orifice 322 may decrease the sensifivity‘of ROR
300 to the geometry of volume 360 through the use of a
technique termed “fluid shorting”. This technique
narrows the fluid path so that pressure in volume 360.
is greater than that upstream of choking orifice 322.
While many pressure gradients may serve to diminish the
effects of the geometry of volume 360, for ideal

efficacy choking orifice 322 should create a pressure



[0064] FIGURE 7 illustrates one nmethod for utilizing
volunme 360 for neasuring flow attributes or

waewciTas i on of mass flow controller 120. Thi BCTES10081024084
may be particularly effectirvé2fer flow rates | ess than
20sccm and allow the use of a much shorter
nmeasurenent interval. Valve 370 may be cl osed by a

Cont§95d§éﬁte§hbﬁdtﬁatlﬁgetb@%s@u&bOWnnBaSMmeneﬁm as at
val idati on of nmass flow controller 120 is to
condlered. t¥6CeohBRCPTESEREE HPSKESS™S PSWCEIS#%P& p&ifice

val v 310 0 e e n umyi 8
e A e e

t akeorfi@t cehd82initbi akmstiat eupStepti2d)ly. cwibisl apgs sluring a

rom1controIIer 120 _fl ow ng hased on _a cert
et pGPRE Lot S8y SEndr e cari EEFedTBSs My Ty shoking

i nt epyalri St 8p2738) beds @h&%ﬂ3®@@lﬁﬁ@%€vaﬂ@@ﬁﬁhy@ﬂ(ﬁan be
the conclusion of the first interval (Step 730) ,

VZIO ;/Eosi@lﬂa?dbéc@ﬁéﬁé@%ﬁ@ ey € 1930 r@t@séé esep £1low
o§%6og% Eaﬁaoc%%g%g%%t%aXh%§§gu$ g&%h ﬂé)dﬁgalent

val v& or é“val ve So pre I nt al ned
|n Vv Bletiire e 36 & otl e u Giau ta nich & 0@ t3i0de flrst |nterva
ter the conclusion of the first interyal

[OOWbWIélt BRPhHEEs SHRY LHER the PR NS TS 5’§t 7862y @e a
usi ng Qe %a@n%a@%e:%dyfidlﬁﬁéﬂﬁﬂéﬂﬂﬁﬂﬂ% dgfeef, Mdiefked and

nmeasur enent Of volume 360 (Step 770) . Alternatively
vol umio3es myllsehnwpm Jmamm |as,rtby aCi?é?erStGSﬂ"ep?%(ﬁnd

NS, LN OnSLDULSS JIEY 5 SAGH 8hafl (S 5B B Wroring

set pRitFi®fe 322 in the closed position. When choking
orifice 322 is in the open position, ROR 300 may
function with gas stick 302 and process chamber 130 as
described with respect to FIGURES 5-8. By placing
choking orifice 322 in the choked position, howe&er, a
pressure gradient may be created between volume 360 and
ROR 300 which allows a flow rate to be determined in
ROR 300 independently of upstream pressure or volume.
Because a flow rate in ROR 300 may be determined
independently of volume 360 there is no need to take
measurements for determinind the geometry of volume
360.

[0073] For example, with respeét to FIGURE 5, there is no need
for steps 540-570 and 590. 1In this case utilizing
choke orifice 322, valve 370 may bé closed by a control
system indicating that a testing or validation of mass
flow controller is to be conducted. To begin the test
valves 310 330 are opened and a vacuum is drawn (step
510) by pump 380. Valve 330 is then closed, choked

orifice 322 may be set to the choked position and data



mass flow controller 120 to determ ne the accuracy of
mass flow controller 120. [0066] Additionally, once

W 20671360 bet ween nass flow control | er val vePenus2005/024084
valve is deternined, flow measurenent nay be conducted
usi ng the known vol unes of chamber 305 and vol ume 360.
This may be useful for high flow vol unes where a | arge

NMeasys ¢NBat t ¥REWMEor StHesinabl el FOALE7) SEéﬁUREOSS With
illustrates one nethod for utilizing volu 360 a
chaﬂ%@ﬁs3©§OWnc@ﬁﬁﬁP%é?FoﬁzpoFlPW6R8nE§§8 effBnf SFItaln

ver i LLeaLi g, ofUEsRall OHcronLr sbhgbclad. c¥al ue 3ea

osed by a control systemindicating that a
gggmantasuaEnesteprSQQDldaEuma,oprﬁ§§§rEIéwdcﬁﬁmp@ﬁﬁéﬁre
IS to be co ct.e To conduct a_t S I
cont Fa¥| BF, m93F€8§e§1 ©T330°4F a&Beﬁeagéﬁdga ggc%&%ﬁgws
dram@n6§heﬁnsigé BytpusncB8as ﬁ&bﬁ%u&&Osb&sthBZO In some
cl osedand data taken for the initial state Ste% 820)

. V\:embnasgeﬂtew EBAt LBPPER 20 thESWPRE 1BEs &G YoR®
certaip_set a h -
A S R RO

firs erva above 68]
Afteéxhﬁpleon@haaloheoprbheu&erwuthnmewwémm@Spépq&amber 305
val ve 330 may then bhe opened St 840) and f I

at t r FEBERESay CERLA 1He 1R&Feultife l€§te&h§§6)a&spﬁg'ﬁh

2 and Bg13ecq.t henRr evcaushy det emAidhed heasusenantafval
vol ume 360 (Step 870), and the know vol ume of chanber

305. cAhtéungsi velyy vavol @pr@azéty Repepelingp o risudilyy Peing
by am%%%&rgéte%u%QOE %%%alﬁ%n E%@é%‘ﬂu %%&%Sand 1000 Torr.

The first interval may also be concluded after a
predetermined amount of time, usually at least 10
seconds, but not more than 60, seconds.

[0074] After the conclusion of this first interval (Step 530)
flow attributes may then be calculated (Steps 580)
using Eg. 2 and Eg. 3, without regards to volume 360.
Consequently, a second interval is not needed and steps
540-570 and 590 may be eliminated solely by virtue of
utilizing choking orifice 322.

[0074] It will be understood by those of skill in the art
that, utilizing choking orifice 322, a similar
reduction in steps may be achieved with the methods
depicted in FIGURES 6-8 aé well, and that the volume of
chamber 305 may be utilized during a single transient
phase to determine a flow rate and validate mass flow
controller 120. Additionally, it will be understood
that this same reduction in steps may be achieved
irrespective of the implementation of choking orifice
322, for example a three position valve or multi-

position wvalve.



calculated (Step 880) . The flowis then conpared to
the setpoint of mass flow controller 120 to determ ne
wo b@eactws acy of mass flow controller 120. [ 00BOI/US2905/024084

many cases, however, the errd# introduced into a rate

of rise calculation may becone significant. Mre
particularly, as flowrates rise, the Iength of the

line conprising volune 360 or other fluid elenments in

ath, such as valve 35 alter thg_rate

00705Han§]él?3f3 BhessaBCOR thFR APUREYSB0 FEPEE (8%t §uAd=ation

ratﬁg?%hcﬁﬁpg§%8& REEas UL g ﬁhbhFBrEﬁ%uKBQW@m%@Hdﬁ%nﬂf
chamber 3057 The alteration of the rate of change of

erSSbogggg vohﬁm3636®2d@pgn§§ enthreegpertignofralve
Vol U t f
and Y Sﬁe}ﬂe Bgoﬁépﬁﬁ a gggéﬁggsis %%Wé%p%%rohg%r1£20

€ gas flowng through gas
stickrd@2ingnd peesequentkydeantnuke rieie ¢abc@mmﬂsmre in
of aflowrate and the commensurate .verification of

mass VPILEWEC 8RPr 651 GEeRBETdEPANC bE. tHHESe tOFr & EHES Say
becoﬂﬁég%%&nc%arc%kﬂ \Aﬁn%&*&%%ea%zfz' QW aLew akews 200 500

seem nsequent I's needed is a way to
ellnsnameomrgmeamemsate for these effects when

asuring.press r ure chan 98 or cal in
[OO?%% €8Fu%éogn5 GM%Fng %?éofﬁfm\n &Y aithe Hd N9
enbodireals el 'b@;e vV SRS 68N dlaryeweodfon@es@aomd foar
choking orifice may be used in conjunction with

volum@tb@m@@@@@éﬂg|yiaéggwmﬂqm§%;q|ﬁﬁﬁ,qﬂqgr matﬁ%matlcally
hrr e e%tqjo}/a%l%fn e %%o@go%/rl Ve g'%suqr & tig WA W or

upstrean1 he choking ori Itionally, an
variables, including the flow rate, geometry and type

of gas may be derived for a particular geometry of
volume 360. The equation may give the shape of the
curve for the error introduced by a particular geometry
of volume 360.

[0077] For example, an equation can be derived for a flow
correction term which for a case where volume 360 is
like that depicted in FIGURE 10, wherein volume 360 is
a constant diameter tube. More specifically, an
equation can be developed that shows the relationship
between the average pressure in volume 360 and the
average pressure in chamber 305 which is measured.

This is given as:

P, =1/3(P1-P2)+P2 Eq (4)

[0078] The above equation can be used in conjunction with
other equation to derive a flow correction term which
will give the difference between the flow measured
using Eg. (2) and the expected true flow which

incorporates the additional information on the expected



error curve may be derived and fitted utilizing error
poi nts determ ned using the choking orifice.
wGaisoguent |y, flow may be cal cul ated wi t hout PEEUS$005/024084
the choking orifice and adjugbed based on the derived
and fitted error curve. FIGURE 9 depicts one
enbodi nrent of a hardware arrangenent which nay be
i ncogperatedpirateutbeifil owlafhegasoi:n parallel to a
process chanber which can physically conpensate for
t he YpseRrEHm pAB8SHPE dependence through fl uid
shorting, or choking of the flow upstream of the
measuri ng device. A s described above with respect to
FIGURE 3 ,4g ateg@f yige system (ROR) 300 mmy. be
i ncoPpor o M- the=tibw of gas t hrough: ghs- stick 302
to process chan%%r féo. In the particul ar enbodi nent
depicted in FIGURE 9 , a choked orifrce 322 is coupl ed
bet ween ROR 300 and val ve 350, inmrediate to ROR 300.
Choked orifice 322 may serve to dimnish the effects
of t g ek v m+360 on pressure neasurenent
and ?ﬁﬁrg e %ﬁ%lggébﬁkﬁty a%g accuracy of ROR 300.
[0071] Choking orifice 322 may decrease the
sensitiyity, of ROR 300 to the geonetry of volunme 360
throdbﬁikhé@@&@lﬂ@Za techni que ternmedegf! yid2)
shortRdg". dRii suté&chni que narrows the fluid path so
that pressure in volunme 360 is greater than that
upstream of choking orifice 322. Wile many pressure -
gradignts MRy $8'e e driidiicsh the jefdqudmaft tde R, Eq.
geonetry of volume 360, for idea
4.2 can be integrated to give:

2

u(R)=lg1-p—R—+AlogR+B BEg. (4.3)
udx 4
Boundary conditions u(0) = finite => A=0

dP_a’®
p(a) > (l )4u

u(R)=———1—-C—ZZ—)(a2—R2) Eg. (4.4)
4y dx
2zR .
R)rdrd
!!u( ) s
Hog =222 —Egﬁ



efficacy choking orifice 322 should create a
pressuregradi ent such that the pressure in volunme 360
w0 g00a111e@st twi ce the pressure upstream of chPRI/N§2005/024084
orifice 322. This may cause £Re~pressure upstream of
choking orifice 322 to remain substantially constant
during a constant rate of flow. |In one enbodi nent,
choking or4¢fice 322 may be a multi-position valve
mhlch canRbe, gosi ti one gccopding %%hb% flow rgte of s
mass "t T gyrgongg ol ler 1 o Creaté groper pressure
gradi ent between vol unme 360 and ROR 300. [0072] In
anot her enbodi nent, choking orifice 322 nay be a three
way val ve having the positions open, closed and choked
as is known igyRihe art. Gas stick 302 and process
chanﬂ%@=iwﬁ=ﬁay—TMMCtlon normal ly with choking orifice
322 in the clgged position. Wien choking orifice 322
i's i'n the open position, ROR 300 may function with gas
stick 302 and process chanber 130 as described with
respect to.Fl S 5-8. By placing choking orifice 322
int epdgﬁ_og it i onssheweyer, 13 poassune gradi ent
may be created Petween vol ume 360 and ROR 300 which
allows a flow'rfate to be determined i n ROR 300
i ndependently of upstream pressure or vol une. Because
a flowrate in ROR 300 may be determ ned i ndependently
of volume 360 there is no need to take neasurenents

for detegm ni e geonetry of volunme 360. [0073] For
exanpﬁ§21m4Ln, > gct to FIGURE 5, there is no need
Po 7R
T
2
nR

- 16 uRT
P =@ -m L )
TR

P =(P- 16”RTL)2 Eg. (5.1)

ﬂR

jP dL

avg

e jdL

0

In general for a quadratic function:



for steps 540-570 and 590. In this case utilizing
choke orifice 322, valve 370 may be cl osed by a

W@ owb/oi116yst em i ndi cating that a testing or vBCT/US1008024084
of mass flow controller is-t&7be conducted. To begin
the test valves 310, 330 are opened and a vacuumis
drawn (step 510) by punp 380. Valve 330 is then
cl osed, choked orifice 322 nay be set to the choked
position and datamay be taken for the initial state
(SteP520)+b Wth mass flow controller 120 flow ng
based on a certain setpoint, data may then be
collected for a first interval (Step 530) . Tine,

pressure anq_%egpgr téfe may,he_ nitored for a

cert &' Feriod dsirg"S&Rsdrs Knowh in the art, such as
pressure sensor 320. In sone enbodi nents, the |length
of this period may be deternmined by a pressure or tine
“checkpoi nt,. For exaRpltg, when the pressure within

vol urfe L ch&nbef =305:Teaches a certain Torr, the
first interval may bé concluded. The pressure at which
the first interval concludes may vary greatly
dependi ng on the fl ow bei ng nmeasured, but is usually
between 10 Torr and 1000 Torr. The first interval may
al so be congl uded after a predeterm ned anount of
tinehpu3§él£yﬁa¢pleast 10 seconds, but not EfgDr €5t han
60, secondd. [0074] After the conclusion of this first
interval (Step 530) flow attributes may then be
calculated (Steps 580) using Eq. 2 and Eq. 3 , w thout
regards to volunme 360. Consequently, a second interval
i's not ne?ﬂdﬂ and steps

P, == Eg. (5.5)
jdx

P-p_ I
(L—in)(—3~)+PoL

L

1
By =3(B-R)*E



540-570 and 590 may be elimnated solely by virtue of
utilizing choking orifice 322. [0074] It will be
wae@enstio®od by those of skill in the art that,PCT/US2005/024084
utilizing choking orifice 3228 a simlar reduction in
steps may be achieved with the nmethods depicted in
FI GURES 6-8 as well, and that the volunme of chanber
305 may be utilized during a single transient phase to
determ n:za fld)ow rate and validate mass fl ow
control | ef ;120., Additionally, it will be updersto
t hat f%Fé3§éﬁgf}eduction in steps may be a%ﬁieggdgg
irrespective of the inplenentation of choking orifice
322, for exanple a three position valve or
mul ti positj al ve. [;0075] Wi le choking orifice 322
may e t g I, 4upiy2i zation with any flow rate, in
one particul af embddi nent choking orifice 322 may be a
three posit?6n val ve wherein the choking orifice is
tuned for use in creating a pressure gradient wherein
the pressure in volune 360 is greater than two tinmes
the pressgre 1gpRyITeam ahoking orifice 322 f ow
r at esFupf= @W‘Sggnﬂbffﬁgiégéﬁ. [0076] For fF8m1?§fgi
bel ow 500"seempr then, the error introduced by vol une
360 may be conpensated for mathematically. To
conpensate for error mathematically an equation for an
error termas g, gynction of major variables, including
t he ﬁhbw@[atm;—égpdbtry and type of gas mafidbe (8eBived
for a particul grpgeonetry of

if P, is a function of time

In one embodiment, P, =R+4t if P=0

1
B 0= 20+ (A1) +3 4 Ea. (6.1)

Usually, as the mterm approaches zero the error
becomes smaller. For a given mass flow the error may
increase for increasing gas viscosity, the entire
volume is then composed of two sections: volume 360 and

chamber 305.

(APavg (t) v KY AP(t) S Vf
‘ RT, RT,
m= +
At At

If the temperature is assumed to be the same:



vol une 360. The equation may give the shape of the

curve for the error introduced by a particul ar
w@ewadiTiye of vol ume 360. [0077] For exanpl e, aPCT/US2005/024084

equation can be derived for &% Fow correction term

which for a case where volunme 360 is |ike that

depicted in FI GURE 10, wherein volune 360 is a

const.ant ﬂlaneter t ube. More specifically, an equat gn

can Be= Kéﬁﬁdft%atAgﬁ&M§9the rel ati onship bet %eeL

t he ave pressure in volunme 360 and the average

pressure in chamber 305 which is neasured. This is

gi ven as: Pavg =1/3(P1-P2) Eq (4) [0078] The above

equanpomnadan béeu§@ﬂﬂvn dAluk iR Wi th ot her

equation to derive a flow correction termwhich wll

gi ve _f he en the fl ow neasured Ng(g.4

Eq. ) a@gTéﬁp?gigéct true fl ow which incorg%?atég !

the additional information on the expectedaverage

pressure in volunme 360: Mnentum Equati on For

Cyl'%ﬂ%'%QEOQGQHEEEE c§ﬂ@%§a&%@.Hb%%S%ﬂ%wgkﬁﬁﬂQ%bdf%e
i ndependent of , .2 can be |ntegrated to give:

B d 0 = )
(4 e@t)l%nﬁt%%”%%ﬁysuio%%g& 'eril%s’ o vl Sy e

s constant Eq. (5. 2)

: AP.(t),V, = AP, (¢ Eq. (7.1)
;ne RAT( ()f avg() )

The change in the average pressure can be substituted

from Eq. 7.1 for simplicity if we assume AP(f), is begun

AP
at t=0 and P=0 then ﬁ§0f=A
S d.2 BV
=——(AV, ——[=(M +(A4t)")*+- At]V, Eg. (7.2)
m, RT( g dt[3( (41)°) 3 )

Eg. 7.2 appears to be well behaved. As the variable

volume ¥, —>0me—0

M —0, me—0

m16uR4TL
7 R

Egq. (7.3)

M=

to simplify, if V.=V, +V;



In general for a quadratic function:P =ax2 where x =L
P =PLwhen x =0 P =P0Oi f Eq. (5. 8) i f PLi s a

wo eoveoramé of time I n one enbodi ment, PL Pl i fPECH052005/024084
Usual |y, as the mterm approd¢hes zero the error
becones smaller. For a given nmass flow the error may
i ncrease for increasing gas viscosity, the entire
vol une is then conposed of two sections: volunme 360
and chanber 305. If the tenperature is assuned to be
the samdP(giml |y the DP(t)v=DP(t)f so that Eq. (6.4;
The T orpya © {g}the cal cul ated mass flow can then be
estlnatedR y subtracting the two expressions Eq. (7.1)
The change in the average pressure can be substituted
fromEq. 7.1 for sinplicity if we assune DP(t)f is
begun at t=0 and P = Othen Egq. 7.2 appears to be well
behaved. 1As the variable volune Eq. (7 .3 ) t a
SIHDW1*¥§; KVT =W? Eq. (7 . 4, The derivativedof(7-4)
Egq. 6.1 uld yield: whereThe A tern1|s the pressure
derivative in the chanber 305. The expected fl ow nay
then be given by adding the results of Eq. 9 to Eq. 2

16uRT Eq. (7.5)
nR

M= (AV)

The derivative of Eg. 6.1 would yield:

avg (t )

. =i[g(M+(At) )2+ At]

®_2 At 1
avg < N4—A Eg. (8.1)
dt [3( . l) 3 ]
(M +(4D*)?
2
e —E(AV [E( A i lapy) BEq. (8.2)
(M +(4D*)?
2
1, = A—g A1 Yy Eq. (9)
R (AW +v) 1;“5 +(41)?)?

2

Pa m Pa
where V,=(m’), R=83149(—), T(K), A—), pn=(Fas),
mol K s




The vari ables equivalent to a fluid path geonetry term

and is denoted H, the gas viscosity is the gas
walepenntamns term denoted G. Eq. 9 can be re wPCT/ER2085024084

[0079] Unfortunately, nost-géénetries for flow

measurenent will not be as sinple as that given in

FI GURE 10. However, the sane formalismcan be used to

derive the appropriate eggation for an eommbry. A

secoddme onfin) gedmdt r i fay e k AEm ﬁﬂfédg@?]iqn— of

val ve 310 directly upstream of chanber 305, as

depicted in FIGURE 11. [0080] In this case the average

pressure in the tube, volunme 360, is gi.ven by uation
11 bBhewA P&¥g L8/ S0P1PESSSWEEr &SF3YRY 1dfTd 1By ti%%t moer
pres§@§g draR %%E%%%eﬁakﬂ%wsmayTQ%e%a%EaEﬁﬁﬂﬁiqgea%ﬂlng the
be used as was devel oped for Eq. 9 to devel op an

al t erratiétequdt Eon hao descii-bes this particul ar

geonetry and it is given bel ow [0081] where Ais the

Pr essiee vaeniayaldsy eﬁ@i HRCldon ibRSlergamola valwel F3&h

[ 0082] Once an equatidn has been derived for a

particul ar geonetryrgf vol une 360, the actual error

I nduged Ry & R GWEAN d REERICR O ,VelneTR 366 imbsity is
then"be enpirically observed for flows over 500 seem

by usiheg gRER QG ndendalteauimtdene fddow r-at Edat a o8y s re-

of flow,settings for mass flow controller 120 while
chokifg 56 i%e 322 is in an open position versus

cal cul ati ng

: 2 1
me=£vT(A-[§( 1: l)+—A]) Eg. 10
(HGAV, “f +(A41)?)?
TR

[0079] Unfortunately, most geometries for flow measurement
will not be as simple as that given in FIGURE 10.
However, the same formalism can be used to derive the
appropriate equation for any geometry. A second common
geometry may be the introduction of valve 310 directly
upstream of chamber 305, as depicted in FIGURE 11.

[0080] In this case the average pressure in the tube, volume
360, is given by equation 11 below.

P, =1/3(P1-P3)+P3

where

P3=Pv+P2 and Pv is the pressure drop across valve 3.
The same technique can be used as was developed for Eqg.
9 to develop an alternate equation that describes this

particular geometry and it is given below:



flowrates at the identical series of flow settings

whil e choking orifice 322 in the choked position.
w@ywoepAlLé ng the two flow rates cal cul ated at PEEOSD5/024084
these flow settings a set of 3gornts corresponding to

an error curve for flow rates above 500 seem may be
determ ned. The curve descri bed by the derived

equation, fror le Eq. 10, nay then be fit to the
enpirically deftenmned error points which occur above
500 seemyt ¢ ge § ate an efr.or equa i gn describing a

—4; [t|heg gebh®t ry
?| I(I}Llcﬁhdf.+{%&8 Addi tlijonal Iy, in
many cases |the|e ér fnduced olflume 360 for flows

of 200 seemor \less is ®sRatistically ingiignificant.
Consequently, the actual flow observed at, these fl ow

[00§7ak ewhpag Abde BEURIEITHES I IEH NG o1 TR 16 W0 THam

t he r cUrvggdescribed by the equation may be
fit.?%Og%f %hlse'fitting the curve described by the

[00&uabher ta eheatdpinr heal byetdetemriivedd four ve patrtie cular

variables in the error ation which.describe the
erroﬂeeﬁﬁ$éyf82 XO&EPFiS%ﬁart%ﬁé@éﬁggloﬁﬁﬁgﬁﬂiﬁ%%%ﬁd by a
vol upe FaYuhe rCaheilaied o fl RE1ugieNG coheage @RI Yod erm

(H . This error curve may then be applied to

meas ererencs 1ad obsewviest €91t &R S0P VEA ANCatSEFThyP IRER 11T
300 in.t future .t rrect..t Ior, d nduced
vqu#@nggp %ﬂ(%%%%%%?%%%%ggégﬁﬁgﬁg @a %ﬁlatléﬁyégfflow
t he fskewinatse fofr mass filow comttralller 120, Whilsk |dhddeing
understoad that this error

orifice 322 is in an open position versus calculating
flow rates at the identical series of flow settings
while choking orifice 322 in the choked position. By

comparing the two flow rates calculated at each of

these flow settings a set of points corresponding to an

error curve for flow rates above 500 sccm may be
determined. The curve described'by the derived
equation, for example Eg. 10, may then be fit to the
empirically determined error points which occur above

500 sccm to generate an error equation describing a

curve representing the error induced by the geometry of

volume 360 at all flows.

[0083] Additionally, in many cases the error induced by volume

360 for flows of 206 sccm or less is statistically
insignificant. Consequently, the actual flow observed
at these flow rates may also be used in establishing
points to which the error curve described by the

equation may be fit.



curve may be used to correct for the error introduced
by volune 360 at all flow rates with choking orifice
W@2deion71tdre open position all ow ng the vol ume BET/US2005/024084
chanmber 305 to be utilized-d&Ping a single transient
phase to nore accurately determne a flow rate and
val idate mass flow controller 120. [0085] FIGURE 12
[00sdgpi whs1eneieobndi oret catva desbodbkdgipyf bhe equation to

calculating a flowrate I, ROR 300 and the, [
desciibi AEOLAECRE + br CELPUBLISS EREBGF at 84 SATABEGES TR the

FhiSefééf’e¥E5¥§o§7QhﬂEM Besckosed:hy areent bokveysben
i ndi cati ng at a testing or validation of mass fl ow

cont pakteécuilsrt bnbeavoadatt edomForfegiinvohEneesay be

val ves_ 31 330 are.opened, and LS. dr
1210?aﬂa§iu86ﬁﬁ§386n919§ﬂ}% 580 08ofRSA e Fetty (i Sjgr%lgg

t akenrfer thevenibi/akhshabe GFpepecti220) meadiltremenss and
“flow controller 120 flomﬁn% based on a cer% in,

set pSiLAY, rakes kajferhek Belesfréeteldyr 5PRa %pr§P the future

i ntepyal,,(-RLER éagogrro¥igﬁdu@%%s%§r%o§ﬂﬁet%@@QV%HQb%ing a
may bé npnitore or a certaln peri od usi ng sensors

knownore bheuante sadkudstpoessodr thseddow 3I2¢e IoF seme flow
enbodi nment the_length of .this perjiod,.ma :
deteFﬁPﬁé&igﬁraﬁﬁpessEFew&}Et%ﬁeggﬁggfggfﬁtg%fgrthls error
exangheveWhel ble uRkes s eowrkhic feal Wi keaches ntroduced
acertain Torr, the first interval may be concluded. , .

The preysdtmeas Sphieéh atlhe flows & atfse il CEvtiidde S Ty

T
305 to be utilized during a single transient phase to
more accurately determine a flow rate and validate mass
flow controller 120.

[0085] FIGURE 12 depicts one embodiment of a methodology for
calculating a flow rate using ROR 300 and the equation
describing the error curve, as elaborated on above. In
this case, valve 370 may be closed by a control system
indicating that a testing or validation of mass flow
controller is to be conducted. To begin the test
valves 310, 330 are 5pened and a vacuum is drawn (step
1210) by pump 380. Valve 330 is then closed and data
taken for the initial state (Step 1220). With mass
flow controller 120 flowing based on a certain
setpoint, data may then be collected for a first
interval (Step 1230). Time, pressure and temperature
may be monitored for a certain period using sensors
known in the art, such as pressure sensor 320. In some
embodiments, the length of this period may be
determined by a pressure or time checkpoint. For

example, when the pressure within volume reaches a



interval may al so be concl uded after a predetermnm ned

anount of tinme, usually at |east 10 seconds, but not
woreroe/oihae 60, seconds. [0086] After the conclPCT/UR200$/024084

this first interval (Step 1230)-flow attri butes may

then be cal culated (Steps 1240) using Egq. 2 and Eq. 3

, W thout regards to volunme 360. These flow attri butes

may tbenabe cerrpctrd forstheneeronli neyodecednbjuded. The
vol ume 360 by using a greviously,deter ,ned erraor
equaPFeRSESEept17BOFh, ths §é&sti hRGSEBaVecOnCludes may vary

Consggggggkyde?eﬁagﬁ dobngﬁévéhohsb@@hgn%%g%@r%@q &t is
accurate ow rate y be cal culated at any fl ow
?StthegamﬂyhbehwkbnglﬁrEbtceaszzlpﬁ0a50®§en posi tfiignt
087] _Additionally, ip nost cases, _these _equati :
may é}‘ESIBéEt RV 0ROt Bor SRECTATS Caeloat 2t Bo e&&%'%sfmmed

fl owypguhir ggghigas skuek 1302twhen sieti@r seriongist, hdut not
error introduced when a flowrate is calculated using -
ROR B06c This Ay BEC@BA€-t hrough the use of the gas

I SCQSit rm i . £L I i
oo PERR L LR IR Al 0 g Sk oisse g sisy 1230
302 anoRORt3RAbukes exgnuhen gas cedromlEGedndy tieesone40)

val ue for nitrogen gas and another val ue for_one.type
of fPﬁéPHdgqgag,a@@cEqUB%ngW&% OPFeﬁ&%@Réélﬁg PoEE 360-

depengi-ag ¢AotNet8asputRe HRSUHEND RS I reldter] Gt the
not only correct the calculated fl ow for the shape of

vol urer880 intuodsae dalyo Vedrmect3 Goh e Alsddl%a e P FA WS LY
For the ViSeoy .ol LR93%. | QUdlg 1Y OuIh D3k st Heq

above. Consequently, a second interval is not needed
and an accurate flow rate may be calculated at any flow
setting with choking orifice 322 in an open position.

[0087] Additionally, in most cases, these equations may also
be tailored to take into account the gas flowing
through gas stick 302 when determining the error
introduced when a flow rate is calculated using ROR
300. This may be done through the use of the gas
viscosity term (G as shown in Eqg. 10) whose value is
determined based on the gas flowing through gas stick
302 or ROR 300. For example, gas term (G) may be one
value for nitrogen gas and another value for one type
of fluoride gas, etc. Using a different value for G
depending on the gas, the resulting error curve can not
only correct the calculated flow for the shape of
volume 360, but can also correct the calculated flow
for the viscosity of the gas flowing through gas stick
302.

It will be understood by those of ordinary skill in the art

that the various steps, measurements, and calculations



302. It wll be understood by those of ordinary skill
in the art that the various steps, neasurenents, and

w@ ados0hAlLé onsmay be controll ed and performed i PCHUSR0A&024084
variety of ways, including-by>a-control system
enbedded wi thin ROR system 300, or by the contro
systemutilized in conjunction with mass fl ow
contnel/l Be 43Ptrgasecdt bkl B62famdepr doesswibanverig8@. of

[0088] It will also b derstood that th irical
ot e Red BT SR GsBY foChIEEohe ¥arEE AEEERPEddvpyMn ROR

the gguatj,onow | L bgydeher pbpedohageden tike1iuBENgn
and optim zation of Thoking orifice 322. For exanple,

i f chokijngcbiphi wetB2Raps flpewdcpptrgedeein l@feadipfgsaick
pres e_gradi ent wherein th ressure in volume 360
Pz el o RERCERS EPRBESEnd Jar

is gt Tt §°the pressure upstream of
[oogxhokirRgwenhf beeo382 hadefkeworatastoftha0@mpdercan 1y

greater, the enpirically determ ned points be .at

f1 owdeseesBispdopoisesniiand Kghert. tFGO@@]rVﬁo%sﬂ’f ed by

g?g ghg %%u%@%oﬁt%Hﬁldgécﬁgg%ngE%@ HeSReChnt @ nkl GdRESg and

_ are necessary, that a step nay not be
r equopedmiand ibhab £ff ghbléngsteps ey 38 -ut iflorz ekample, 1f
addition to the _qnes pi.cted, including addifi I
Ueas&PQﬁéﬁQsPrFﬁﬁgﬁvggg éﬁciuﬂﬁgi&k&héfgyf' ﬁ§€%E er 2
i n whirgh seach gebenent ehetlee nmethogsdssudesdn bedure 360 is
not necessarily the order in which it is utilized.

Af t eTIEGAGIIN§ hERI & vepEATTRISC Afhico I o SIS OHP S SGriHarRok+ 19

ski Tl iinte sant il l-10e capaly @ of fetRidi g WY, the
empirically determined points may be at flow rates of
200 sccm and higher.

[0089] Note that not all of the steps described with respect
to FIGUREs 5-8 and 12 are necessary, that a step may
not be required, and that further steps may be utilized
in addition to the ones depicted, including additional
measurements, intervals etc. Additionally, the order
in which each element of the methods is described is
not necessarily the order in which it is utilized.
After reading this specification, a person of ordinary
skill in the art will be capable of determining which
arrangement of steps will be best suited to a
particular implementation.

[0090] In the foregoing specification, the invention has been
described with reference to specific embodiments.
However, one of ordinary skill in the art appreciates
that various modifications and changes can be made
without departing from the scope of the invention as
set forth in the claims below. Accordingly, the

specification and figures are to be regarded in an



arrangenment of steps will be best suited to a

particul ar i nplenentation. [0090] In the foregoing
wa@pweioiile@at i on, the invention has been descri brdr/s1005/024084

ref erence to specific enbodi Aénts . However, one of

ordinary skill in the art appreciates that various

nodi fi cati ons and changes can be nade w t hout

depaillﬁlttaaﬂvéheaSBapetnﬁntherbevemttmneasesee fenthall

in the clains bel ow Accordlng % h% echlﬁatlgn £hi
and FPghrBsdafecerblBRSs 8gar dBESPHeANEPI 08t Aaflygded within
rat herot 308 besthiehiyensense, and al | such

nmodi |cat|o s are Iintended to be included within the
[00%copBentfiihgenbibar léneﬁtﬁgesmth@d é@&&ﬁﬂ@@éstoa@@Oblems

I bl
7 egaPB o ERBL PP E BRBAAF REN TS amevEF Lt fie BRRSTIS

adVthB@@imeﬁ@bUtlQﬁﬁeb@rpr@hbeméne&ﬂdsanﬁdwamma@emt
’ that may cause any benefit, advantage, d ;

to oEeuktdpnBeEOMBTRE @mﬁroﬁagnééﬁ &8P 8?“F
constried ag ab%hb%ﬁ%alad%%%%bﬁ%d o%rs%ﬁ%%qﬁnako occur or
feature or cgnponen 6f "any or “al'l the clainms. TI1S
CLAI MEDoIS: mbre Arwephodedf ameasoti g @ef lcon sitiuegg e sa @
rom1controIIer conprj sing: caol Iectl |rst at

per t AFRtHGate & SANEE Y oPimE S3aFitng ta Fior st |ngéf%qponent
col I gt iapg $ecand data cperitndi.ning to a second vol une
during a sSecond interval; determning the first

vol unme; and

at may



calculating the flow 2 . The nethod of claim1
wherein determning the first volunme conprises
w@adoshAalé ng the first volume. 3 . The met hod PET/TEB0F24084
2 , wherein the first vol unre3i’s-cal cul ated based on
the first data and the second data. 4 . The nethod of
claim3 , wherein the first data includes the change
WHAT T PreassaMep avesr the first interval and the second
data includes the change in pressure over_the second
1. i @sfdlod 2 MerSwetHo® of Lof af P UID vihet k9 controller,
! lng second data is performed before collecting
Comé%%%ﬁg ata. 6 . The nethod of claim4 , wherein
catd Eoddmind | fstsdadata sppetrd orived befarfizet | eetipg during
second data.. 7 . The nmethod of claim1l , wherein
a TiRterR TN the first vol ume conprises receiving an
| g1 e & ind NS dB®iNOgh 0 §at M ding Wher &i fetbrdf 76 Stme
" dat'aincludes the change in pressure over the first
during ex végtcamd imeesebhd data includes the change .in
Dressue: uel Lhe second interyalng - The method of
claims8, rein collTecting second data is perforned
beforeurotiegtiing fiowt data. 10. The nmethod of claim
8 , wherein collecting first data is perforned before
coll ecting second data. 11. A nethod of neasuring a
2. floyetheongh geflowigont rehbesincaspeiaingngcehbeet kg
first data pertaining to a first volunme during a first
volume ecvmprianme caleculating the fLsAtbueEE™8n the first
data, wherein the first volune was previously
determ ned or is received as
3. The method of claim 2, wherein the first volume is

calculated based on the first data and the second data.

4. The method of claim 3, wherein the first data includes
the change in pressure over the first interval and the second

data includes the change in pressure over the second interval.

5. The method of claim 4, wherein collecting second data is

performed before collecting first data.

6. The method of claim 4, wherein collecting first data is

performed before collecting second data.

7. The method of claim 1, wherein determining the first

volume comprises receiving an input.

8. The method of claim 7, wherein the first data includes
the change in pressure over the first interval and the second

data includes the change in pressure over the second interval.



input . 12. The nethod of claim 11 wherein the first
vol ume was previously determ ned by: collecting first
wala08/0pané ai ning to the first volume during a PCT/E82005/024084
interval; collecting second data pertaining to a
second vol unme during a second interval; and
calculating the first volune based on the first and
9. saeenehedMal ol3.c1Anethodviafrateasirli g ta fd aveddndbudgia is

a mass flow controller, conprisjng: collecting first
perfgamepéafang P iecd M sﬁl% Lﬁ‘?etgaduri ng a first
interval; and calculating the flow based on the first

data, wherein a second vol une was previously
10. déther matdobdrof s=aigeisrediterdputollact imhel ethotplet 1s

| ai 3,- Wwherein the second vol IS previousl

per%é?réerrgm roey:ccoo]ﬁee{\ilinr% e|crdos C?d%%‘%a 'perltoai ni ng tg t he

first volume during a first interval; collecting

second data pertaining to the second volupe durin A ar.
11. sdeariNamt erly area a1l & Ut Y ngR IR & oW of Uer O 11T
Com&ﬁsseiql n the first or second data. 15. A system for

neasuring a flow through a flow controller, wherein

t hes ISlyestteimg Sf cosipl dakd e tea fiiovy comta of 1 et volume during

downstream of the flow controller, the system

2 fihpriieigrats and
calculating the flow based on the first data, wherein the
first volume was previously determined or is received as

input.

12. The method of claim 11 wherein the first volume was
previously determined by:

collecting first data pertaining to the first volume
during a first interval;

collecting second data pertaining to a second volume
during a second interval; and

calculating the first volume based on the first and

second data.

13. A method of measuring a flow through a mass flow
controller, comprising:

collecting first data pertaining to a first volume during
a first interval; and

calculating the flow based on the first data, wherein a
second volume was previously determined or is received as

input.

14. The method of claim 13, wherein the second volume is

previously determined by:



a chanber; a first valve coupled to the chanber

upstream of the chanber; a second valve coupled to the
we@ baaloeriielownst r eam of the chanber; and a pr esBCF/ES2005/024084

sensor coupled to the chanbeBOupstream of the first

val ve. 16. The system of claim 15, wherein the system

is operable to: collect first data pertaining to a

fidsit el e durdndiacd igsttdiiBiyats e £otdectolume
second data pertaining to a second volunme during a
durigercehddrftervaierVIgl; The system of claim 16, wherein

h
Rt T Rt b i s

duriMad Wres easid spponetsvd b; tdmedfl rst vol une and a vol ums of
the chanmber. 18. The s aim'17, wherein

f i Gk CHA B IR IRIISE cTﬁ Lér%ecl?] Presetriov ?’rﬂ:ﬁeor

secdid Sdatdterval and the second data includes the change
I'n pressure over the second interval.19. The method of
claim 18, wherein collecting second dat a is perforned

ore coll ctln dat 0] t f
5. 10 SRrD L TR TR ERe [ F s fof khr dEayR EIT s B 1ex,
wheﬁ@iﬂl eeté n@y§‘©@ﬁmﬁs dadapiad. ta'h’ehsyﬁlem oénttalheltS

wherein the systemis further operabl
dowq$ﬁ;$¢ms@fV%¢%n%lo%naontroller,pthgbs§s%gm QSESEQEQSg

a chamber; .

a first valve coupled to the chamber upstream of the
chamber;

a second valve coupled to the chamber downstream of the
chamber; and

a pressure sensor coupled to the chamber upstream of the

first valve.

16. The system of claim 15, wherein the system is operable
to: )

collect first data pertaining to a first volume during a
first interval; and

collect second data pertaining to a second volume during

a second interval.

17. The system of claim 16, wherein the first volume
corresponds to the volume between the first valve and the flow
controller and the second volume corresponds to the first

volume and a volume of the chamber.

18. The system of claim 17, wherein the first data includes
the change in pressure over the first interval and the second

data includes the change in pressure over the second interval.



calculate the flow 22. The system of claim 21,

wherein the system determ nes the first vol une by
w@ados0hAlLé on based on the first and second datBCT/RS2005/024084

The system of claim 21, wheréPn-the system determ nes

the first volunme by receiving an input. 24. A nethod

of measuring a flow through a mass flow controller,

conprising: collecting first data pertaining to a

first volume during a first interval; cal culating

19. fiThst rfatdwed arfd Hdustlithg HHETin s‘iojfjf%%iFJdé%e%e%?P(gndata is
ar T 1@ m 24, further
perﬁo d CDUG@IO% %1%%%@ %%esfgr o(% curve. 26. The nethod
of cI a|m25 wher ei n determ ning the error curve

, conprlsesfltt a deri error curve to a
20. oritr BOTAS, o a2 T GGt o o e 67
per RHUIUS- ggforﬁ‘%éﬁé@@lﬁ §éc§9<brﬁ61 2pataherei n each
det’erm ned error point 1s deternmined by: collecting
second data pertaining to the first volume during a
NI USTVAL oo 14 Stel ot SELR 25 ChOkiAg:
15 &35 n°an open pOSIV{I on; cuI ating a second
opefa{m based on the second dat a; coI l ecting third data

pertaining to the first volume dyring a third interval
atd??féfm%rﬁ%tt%%t%b‘f%? VohErei Pt %e choking orifice is

gpp%@ PosiEiQn; calculating a third flow based
on ?Jh |

rd data; and

9 data is

22. The system of claim 21, wherein the system determines the
first volume by calculation based on the first and second

data.

23. The system of claim 21, wherein the system determines the

first volume by receiving an input.

24. A method of measuring a flow through a mass flow
controller, comprising:

collecting first data pertaining to a first volume during
a first interval;

calculating a first flow; and

adjusting the first flow based on an error curve.

25. The method of claim 24, further comprising determining

the error curve.

26. The method of claim 25, wherein determining the error
curve comprises fitting a derived error curve to a set of

error points, including a set of determined error points.



conparing the second flowwth the third flow. 28. The
nmet hod of claim 27, wherein the choking orifice is
wop@sabiles t 0 create a pressure gradi ent in thePChORm®AS/024084

position, where the pressuredlipstream of the choking
orifice is approximately tw ce that of the pressure
downstream of the choking orifice. 29. The nethod of

27. claim Z&ﬁe wheteid dthe lehekiaty ortddecen iesadpedeid mnireed
create the pressure gradient when the first setpoint

errors betintedst BEEEEARI RY: The net hod of claim Zg,

V\Q%rlqie%teﬁh%h Lcdhe B8l YedeligliAnad eHOMf Poditolume

represents an error where the first setpoint is at
durirepst ssQ®rskdmte3walTiee reetthioes tofs &iRra B0, whier €1
t.he set, of error, points includes, g, set of observed

I
chokd MG PTG % 253 2:" e TRthdd br - cT'di m 26, wherei n each
ohsaraat e Pra pRidind Sidet adaebbytheddestd ngata;
fourth data pertaining 'to the first volung during a
f srdtle atimer vl ng o e CHE St nit© fica T a‘f‘?%ﬁm%

duri %ura}t 0 & 2N at@ech}{é)%itf‘s‘@aé@tpc?’ﬁit JThen s Nhodche
of” cl ai'm , erein each of the set of observed error
cholpointer Irfeipreesientirare esharedvprsithensecond setpoint is

200 seem . or less., 34. _The .net hod of, .cl ai.m 26, [ ej
AT IS0 e S ST N B sag o4b8f e
adj i4sdd nthd henerddordrveowaseth orha typedofigas . 35.
A system for neasuring a flow through a mass fl ow

controller, wherein the systemis coupled to the nass
28.f|fﬂ% method of claim 27, wherein the choking orifice is

operable to create a pressure gradient in the choked position,
where the pressure upstream of the choking orifice is
approximately twice that of the pressure downstream of the

choking orifice.

29. The method of claim 28, wherein the choking orifice is
operable to create the pressure gradient when the first

setpoint is at least 500 sccm.

30. The method of claim 28, wherein each of the set of
determined error points represents an error where the first

setpoint is at least 500 sccm.

31. The method of claim 30, wherein the set of error points

includes a set of observed error points.

32. The method of claim 26, wherein each observed error
point is determined by: ‘
collecting fourth data pertaining to the first volume

during a fourth interval at a second setpoint; and



controll er downstream of the mass flow controller, the

system conprising: a chanber; a first valve coupled to
wo b@sobamber upstream of the chanber; a pressuPET/E8095024084

coupl ed to the chanber downséZeam of the chanber; and

a choking orifice coupled to the chanber upstream of

the pressure sensor. 36. The system of claim 35,

whenehn atthe s kstrefirich aneasdd woldiecte it ddataa
pertaining to a first volume during a first interval;
and calculate a first flow 37. The systemof claim

33. 3G, Merel y the I'étq_lft{ %,Or\/\;k‘{]é.lce%.ﬂ saperaoled g areate
a‘pressure gradient where the pressure upstreamof the

obseGReld R ey fddiatiss rayppremdrateel yertmierhtdrat Wie tdmcond
pressure downstream of the choking orifice. 38. The

setpQigtte S 4 AGFR AT \%ﬁ‘eﬁsei n calculating the firstflow

further conprises adjusting the first flow based on an
error curve . 39. The systemof claim38 , wherein the
34. syteemdthddiratherlaoperbl evhiqralict cdefi siEnthie @riflyy error

curye. .40. The system o aj [ L 0
CUL eél WS SR S raicgeussqflﬁ({ni tﬁ‘ge a eéfievéeh eér r%oélr.%&!1 th a
typLWveyds. a set of error points, including a set of

deternmned error points. 41. The system of claim 40,
wherein the systemis operable to determ ne each

35. dePE esrﬁﬂ'@g & %eef@lf&tn@yé flow through a mass flow
controller, wherein the system is coupled to the mass flow
controller downstream of the mass flow controller, the system
comprising:

a chamber;

a first valve coupled to the chamber upstream of the
chamber;

a pressure sensor coupled to the chamber downstream of
the chamber; and

a choking orifice coupled to the chamber upstream of the

pressure sensor.

36. The system of claim 35, wherein the system is operable to
collect first data pertaining to a first volume during a
first interval; and

calculate a first flow.

37. The system of claim 36, wherein the choking orifice is
operable to create a pressure gradient where the pressure
upstream of the choking orifice is approximately twice that of

the pressure downstream of the choking orifice.

38. The system of claim 37, wherein calculating the first



col l ecting second data pertaining to the first vol une
during a second interval at a first setpoint, wherein
w0 b@eokmiké ng orifice is in an open position; PCT/US2005/024084
cal cul ating a second fl ow bag@d-on the second dat a;
collecting third data pertaining to the first vol une
during a third interval at the first setpoint, wherein
flow Needld nbrdfde dBjddtinshakeds past tiohw based on an
calculating a third fl ow based on the third data; and
errdoripEiing the second flow with the third flow 42. The
system of cl aim40, wherein each of the set of
deternmined error points represents an error where the
39, fiTst sSedtpm df i slatm | Hastwisdleseeme 48vsTire systentlofr
claim42, wherein the set of error points includes a
operRR LGt QUL SBY T rOte pui TS, S U4 The system of claim
43, wherein the systemis operable to deternine each
observed error point by: collecting fourth data
40. peittai s igent oo f heldim si9 v oreee Hurdelge sniniipg hthe error

interval, at a.seco e ' : I [
cur] it o e ot ie g GEFSR ChLee 00 8 Loty
errdid, poher€j nieetlddig thessetodf dobsenieed eeroor ppoiss .

represent an error where the second setpoint is 200
seem or | ess. 46. The system of claim45, wherein

41, depermining . the erfof £or ehd HEIHeFhE08PELERSIs operable to
adjusting the error curve based on a type of gas. 47.

det diel sy s¢ 2o ofletéaninad, ewher epeinheb¥irst data is
OO TPAGE MG Lo L85a Bk, NG SELIAES ' £o' Bic CRPKEL volume

during a second interval at a first setpoint, wherein the
choking orifice is in an open position;

délculating a second flow based on the second data;

collecting third data pertaining to the first volume
during a third interval at the first setpoint, wherein the
choking orifice is in a choked position;

calculating a third flow based on the third data; and

comparing the second flow with the third flow.

42. The system of claim 40, wherein each of the set of
determined error points represents an error where the first

setpoint is at least 500 sccm.

43. The system of claim 42, wherein the set of error points

includes a set of observed error points.

44. The system of claim 43, wherein the system is operable to
determine each observed error point by:
collecting fourth data pertaining to the first volume

during a fourth interval at a second setpoint; and



48. The system of claim47, wherein the choking

orifice is a three way val ve operable to create the
w@e@ssuries gr adi ent when the first flow i s aboveCBH082005/024084

seem 49. A nethod of neasurdhg a flow through a nass

flow controller, conprising: collecting first data

pertaining to a first volunme during a first interval

when eunathegf br sbudaha fiswcbklsect ed whieh faustibkidaga -

orifice in a choked position and the choking orifice

is operable to create a pressure gradient in the

45. CEB%EQ RS LN MHEKE glhe WPLeSS |l @ aupsS lifeameolsdithe £
c oklng orifice is approxinately twi ce that of the
obsepesis areodowrs iteamepf: eisiea tc ok iexg ot ivhiege; tégd second

setp%ﬁb :h%t?ﬁg %ﬁ%%{%%_g%%ML 50. The net hod of cl ai m 49,

Fifi'ce is a three way val ve
operable to create the pressure gradient when the
first flowis above 500 seem | L
46. The system of claim 45, wherein determining the error
curve further comprises adjusting the error curve based on a

type of gas.

47. The system of claim 37, wherein the first data is

collected with the choking orifice in the choked position.

48. The system of claim 47, wherein the choking orifice is a
three way valve operable to create the pressure gradient when

the first flow is above 500 sccm.

49. A method of measuring a flow through a mass flow
controller, comprising:

collecting first data pertaining to a first volume during
a first interval wherein the first data is collected with a
choking orifice in a choked position and the choking orifice
is operable to create a pressure gradient in the choked
position where the pressure upstream of the choking orifice is
approximately twice that of the pressure downstream'of the
choking orifice; and

calculating a first flow.

50. The method of claim 49, wherein the choking orifice is a
three way valve operable to create the pressure gradient when

the first flow is above 500 sccm.



