| System and Method for Gas Flow Verification 5 BACKGROUND OF THE

| NVENTI ON [ 0001] A nunber of nodern sem conductor wafer fabrication
processes require a process gas to be supplied in a carefully controlled
manner to a reaction chanber, wherein the process gas is used to support
or effect processing of the sem conductor wafer. For 10 exanple, in a

pl asma etch process, a process gas is supplied to an etching chanber
wherein the process gas is converted to a plasma for etching naterials
present on the surface of the wafer. In nost cases, the sem conductor
waf er fabrication processes require the process gas supply to be carefully
control |l ed. More specifg S.gas to the
reaction chanber needs §g§%gyﬁg?gpg?ﬁg%ﬂ&f§%F%ﬁgﬁygﬁge g@??ned by a 15
reci pe of the fabrication process. The process gas flowrate is commonly
controlled by a mass flow controller (MFC) upstreamfromthe reaction
chanber. Thus, the accuracy at which the process gas flow rate can be
controlled is generally dictated by the accuracy of the M-C through which
the process gas is required to pass. [0002] It should be appreciated that
the MFC device is a conplex and sensitive instrunment 20 having a

real -world gas flow rate control accuracy that is dependent upon many
factors. During manufact ur e BfcidotdkE glemit envviRergas flow rate control
provided by the MFC is verified to be wtinhin estanlished MC design
specificatio | erances.. The MFC. verificati .during manufacture is
typically pe@P@)ﬁrf&&'u eraOfcIB?l‘ferfqnﬂﬁonlﬁﬁ‘%rr‘éﬁafISrr @gngﬂev PEISAISAY TeBerny PIesgas.
Thus, the MFC verification during manufacture may not bound 25 the

envi r onment a#2s g PPRid wﬁ?ﬁéﬁy cortrolpEmgnnper thed wRY 98 hambern whergin the

real -world 2 .
process gas is used to support or effect processing of the semiconductor wafer. For

10 example, in a plasma etch process, a process gas is supplied to an etching chamber,
wherein the process gas is converted to a plasma for etching materials present on the
surface of th‘e wafer. In most cases, the semiconductor wafer fabrication processes require
the process gas supply to be carefully controlled. More specifically, a flow rate of the
process gas to the reaction chamber needs to be maintained within a range defined by a

15 recipe of the fabrication process. The process gas flow rate is commonly controlled by a
mass flow controller (MFC) upstream from the reaction chamber. Thus, the accuracy at
which the process gas flow rate can be controlled is generally dictated by the accuracy of
the MFC through which the process gas is required to pass.

[0002] It should be appreciated that the MFC device is a complex and sensitive instrument

20  having a real-world gas flow rate control accuracy that is dependent upon many factors.
During manufacture of the MFC device, the gas flow rate control provided by the MFC is
verified to be within established MFC design specification tolerances. The MFC
verification during manufacture is typically performed in a controlled laboratory
environment using N gas. Thus, the MFC verification during manufacture may not bound

25  the environmental conditions to which the MFC will be exposed during a real-world



i npl ementation. Additionally, conversion factors are used to translate the
MFC verification results using N2 into corresponding verification results
representing a real gas. It should be appreciated that these conversion
factors have an inherent |evel of uncertainty. Furthernore, after the MC
device is shipped to the end-user and installed in the end-user's 5 system
a potential exists for the M-C device to,be out of tolerance with respect
to its design specification. Also, the gas flow rate control capability of
the MFC device needs to be periodically verified to ensure that an out of
tol erance condition has not be introduced in the formof calibration
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or service of the M-C device 0 [0003] In view of the foregoing, it is

desirable to ré’sﬁfté fls)fné N?mg@%rf'e'sﬂwdf gtv@rlﬁ@d'%ﬁ AlsuiGARARh ih Y a eﬁ.hl? sﬂ\ﬁgﬁ levi ce

in the real - |np enentation using real gases. However, user's
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device is y not capa ance eveVs of

t he MFC de ecif o) Ther ef e t f rovenment
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capablllc% of the MFC devi ce under antici pated erating canditions.
SUMVARY TEEstVERAEER] i 4er the Mﬁ&ﬂeawﬁéo éﬁpwgef tdcagnce th reppsctotoditfent

i nvention can be inplenmented in nunerous 20 ways, such as a process, an
appar atus, adssigt sperifigatpeyidse, be ges ey Fracicongelespabilityrof et MFE dewinbotidsrint s
of the present invention are described bel ow. 10005] In one enbodi nent, a
gas fl ow rat &cpeatididatipterdfiedap pasuadt thg anoutofyclensedconditien happabaintsdicadinudes
a first volune defined within a first chanber and a second vol unme defined

\ghg hi3n a secadfrhaghenibralibe dsiesead dH, Wityab-Sallbadt@ar erfof aRatthgy bdchs tum ume.
startup or service of the MFC device.
10 [0003] In view of the foregoing, it is desirable to verify the gas flow rate control capability
of the MFC device in the real-world implementation using real gases. However, the end-
user's equipment for verifying the gas flow rate control accuracy of the MFC device is
typically not capable of matching the tight tolerance levels of the MFC design
specification. Therefore, a need exists for improvements in technology related to accurate

15  verification of the gas flow rate control capability of the MFC device under anticipated

operating conditions.

SUMMARY OF THE INVENTION

[0004] It should be appreciated that the present invention can be implemented in numerous
20  ways, such as a process, an apparatus, a system, a device or a method. Several inventive

embodiments of the present invention are described below.

[0005] In one embodiment, a gas flow rate verification apparatus is disclosed. The

apparatus includes a first volume defined within a first chamber and a second volume

defined within a second chamber. The second volume is larger than the first volume. The



apparatus further includes a first pressure neasurenent device and a second
pressure neasurenent device. Each of the first and second pressure

measur enent devices is configured to be connected in fluid comrunication
with either the first volune, the second volunme, or both the first and
second vol unmes. The second pressure neasurenent device is 5 capabl e of
measuri ng hi gher pressures than the firsg pressure neasurenent device. The
apparatus is further defined such that each of the first volunme, the second
volume, or both the first and second volunes is selectable as a test
volume for measuring a gas flowrate. Additionally, each of the first

pressure nmeagpyeARNfur@ey ieRdey athe SRGARIMBABRSIHE deTBASM %r@%mndg;%sﬁx% I's
sel ectable for nmeasuring a pressure within the test volune. 10 [0006] In

anot her enbogdj.A&ment d%ﬁ@é.rﬁichcéqjﬁlteeﬁrsg QR4 RLANS e&h}feogﬁe%%{:% |e?'§%gﬁggr '

processing is disclosed. The tool platformincludes a ura Wal'er
e.tool. platform

processi ng cessible fyroma central lLocation. . T

al so incl udreqs:?(%refl4 ggfeﬁl ¢ § TEY™ 8?6“313%{ VLBl RR P’V(Btﬁ eﬂ@?ﬁ%ﬂfsp‘(/%‘g?%it S of
the plurality of gas suppl.y control systens is associated with a . .
respective o @uﬁ?’?ﬁ@ahﬁggﬁnﬁ?£§%%%* UTRESd P e iecontd i etsuts| mess HEmeRt fevige sher
includes a 15 gas flow rate verification device disposed in a central

| ocati on el garable af gneaswing highar iprspswies thapftes fipt deassise mepastwerngnd slevith elhgas
flow rate verification device is defined to be selectively connected in
fluid communirratatusris firthiar édimbd eifch e epdhuafdhd fingt edluigashes sgophdyvahame, oo both
systens. The gas flowrate verification device is defined to neasure a gas

flow rate supplfirgdinbygedoné volyass suplbybleastartadt veaieabt measwihe B ghdhBowgage.f | ow
rate verification device is selectively 20 connected. 10007] In another

enbodi ment, adambiyl, fefdh ePeAtitdd GrassGRSmEdsaMnTeat AeWBS iof i faltQRAIdRUste 1S
di scl osed. The nethod includes identifying a target gas flow rate range.

test volune hdRiRnt i8iQaSseldcQe rfé}trff?Ta\él\?xv‘ﬁﬂ.rgu }ﬁ'@&ts{n% Ry B8V ‘?esi ol\%lﬁg n sel ected

based on the identified target gas at'e rage. e sel ected test

vol une i?O el fo'BGé] @ %ﬁ%ér gx%%&'cﬁ%erﬂ,r £ cle gagecl\dé%claru%adl élatform for semiconductor

processing is disclosed. The tool platform includes a plurality of wafer processing modules
accessible from a central location. The tool platform also includes a plurality of gas supply
control systems, wherein each of the plurality of gas supply control systems is associated
with a respective one of the wafer processing modules. The tool platform further includes a
15 gas flow rate verification device disposed in a central location relative to the plurality of
wafer processing modules. The gas flow rate verification device is defined to be selectively
connected in fluid communication with each of the plur>a1ity of gas supply control systems.
The gas flow rate verification device is defined to measure a gas flow rate supplied by the
gas supply control system to which the gas flow rate verification device is selectively
20 connected.
[0007] In another embodiment, a method for operating a gas flow rate verification device
is disclosed. The method includes identifying a target gas flow rate range. A test volume
within the gas flow rate verification device is then selected based on the identified target

gas flow rate rage. The selected test volume is either a small volume or a large volume. A



4 pressure nmeasurenent device within the gas flow rate verification device
is also selected based on the identified target gas flow rate range. The
sel ected pressure neasurenent device is either a |ower pressure

measur enent device or a higher pressure neasurenent device. The sel ected
test volunme is then evacuated. The nethod then proceeds with 5 exposing the
test volunme to a gas flowrate to be nea‘Pred. A pressure rate of rise
within the test volume is then neasured.” Additionally, a tenperature
within the test volune is neasured. Using the neasured pressure rate of
rise and tenperature within the test volunme, the gas flowrate into the
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THE DRAW NGS Figure 1A is an illustration showng a top view of a centra
cluster tool dswa? fsofither ﬂQOW?fd?f&iﬂPTﬁgn??ﬁ‘Frﬁmﬁ‘?téieﬁl%@é§s}“$h9§l greguire mgasyEEBsAance
wi th one enbodi nent of the present invention; Figure 1B is an illustration
showi ng a si dievig¢.elhopeledied ﬁﬁdeelgslermdhmegyacuﬁed-aﬂtﬁom@ndethw' ptoceade with
enbodi nent of the present invention; Figure 2 is an illustration showng a
sinplified schpositg the ofst tdlemgasa paxflow mte Rbeanenurddnt eressurdiracene risatvdthiment
of the present invention; Figure 3 is an illustration show ng the tool

pl atform of HKhgukevddmbayihes nteasidedl i LqtitRMAaIDY, @SSMpEratuss Kithih thé &8t G&emE oW

rat e nmeasurenent apparatus inplenented therein, in accordance with one
embodi ment  ofy &, BgeP T RERNEe MBYERAIPARsureTate of rise and temperature within the test volume,
the gas flow rate into the test volume is determined.
[0008] Other aspects and advantages of the invention will become more apparent from the

10  following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an illustration showing a top view of a central cluster tool platform
15  including multiple process modules, in accordance with one embodiment of the present
invention;
Figure 1B is an illustration showing a side view of the process modules, in
accordance with one embodiment of the present invention;
Figure 2 is an illustration showing a simplified schematic of the gas box, in
20  accordance with one embodiment of the present invention;
Figure 3 is an illustration showing the tool platform of Figure 1A having a
dedicated pressure rate of rise gas flow rate measurement apparatus implemented therein,

in accordance with one embodiment of the present invention;



Figure 4 is an illustration show ng a schematic of the flow verifier device
i nplenmentation in the tool platform in accordance wth one enbodi nent of

the present invention; Figure 5is an illustration showing a schematic of
the flow verifier device, in 5 accordance with one enbodi ment of the
present invention; and Figure 6 is an illustration showing a flowhart of a

nmet hod for operating the flow verifier device, in accordance wth one
enbodi ment of the present invention. DETAI LED DESCRI PTION 10 [0009] In the
foll owi ng description, numerous specific details are set forth in order to
provi de a thorough understanding of the present invention. It wll be
apparent, however it O (AKildiEHoh Wbl schdiBlict feaR! A5E ey Sfabikon
0 ail's.”1n other

may be practiced without sone or a hese specific de

i nstances, well.kno rocess ,operati ons have not, been . descr.i in detail
1 order ot T RLDeR SRR o CREEG. A Fre B Eeain PR Bred Rl o ptept
Figure TAis an illustration showng a top view of a central cluster tool
platform ("t8¥pMat fornt') 100 including nultiple process nodul es
103a-103d, in accordance with one enbodi nent of the present invention. The
t ool platform 100 Higes ddissanaillvatration| shayvimg 2 echemptiquef Wie 8pW arprifiec devce, in
105a- 105d of each process nodul e 103a-103d is accessible. A wafer transfer
mechani sm5107actgdatics putb @de winbdtiment loé theprdserdlinvangen; @i, such that a waf er
can be 20 transferred to or fromeach process nodul e 103a-103d. In one
enbodi ment, the tragsé 6is anBRB@dios ¥hdwWilg iaSlotehirnefla arthad fed&ietaing the flow
mani pul ati on device. Though the exenplary tool platform 100 of Figure IA
shows four prReassieREUhascoldidd: HaBehe dnibodineut &F (REpreaRPMOGIRLED t hat ot her
enbodi ments of the tool platform 100 can include nore or |ess process
nodul es. Furthernore, it should be appreciated that each process nodul e
103a 6

DETAILED DESCRIPTION

10 [0009] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent, iaowever, to
one skilled in the art that the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not been
described‘in detail in order not to unnecessarily obscure the present invention.

15 [0010] Figure 1A is an illustration showing a top view of a central cluster tool platform
("tool platform™) 100 including multiple process modules 103a-103d, in accordance with
one embodiment of the present invention. The tool platform 100 includes a central area 101
from which an access 105a-105d of each process module 103a-103d is accessible. A wafer
transfer mechanism 107 is disposed within the central area 101, such that a wafer can be

20  transferred to or from each process module 103a-103d. In one embodiment, the transfer
mechanism 107 is defined as a robotic manipulation device. Though the exemplary tool
platform 100 of Figure 1A shows four process modules 103a-103d, it should be
appreciated that other embodiments of the tool platform 100 can include more or less

process modules. Furthermore, it should be appreciated that each process module 103a-



103d can be defined to performone or nore wafer processing operations, as
known to those skilled in the art. [00111 Figure 1B is an illustration
showi ng a side view of the process nodul es 103a-103d, in accordance with
one enbodi ment of the present invention. Each process nodul e 103a- 5 103d
is defined to include a processing chanber | | la-111d. The access

105a- 105d of each processing chanber 111 a-111 d provides for transfer of
the wafer into and out of the processing chanber 11la-1l1d, while enabling
t he process chanber Illa-Illd to be sealed during operation. In one

enbodi nment, the access 105a-105d is defined as a slit- valve. Each process

modul e 103a- 103@ chsvé WEfTRET HLP & Bredw 885 pldees wiPgsed
above the procesglng chanbto%?ll a- ﬁi?ﬂ@ rT he ggs bg%g%ggég%%géngideglned

to supply a Ss gas to the process chanber 111 a-111 d at an
appropriate é%%@ﬁfﬁ&ﬂn@%y%@ Each process nodul e 103a-103d further includes

. The ot ner TRIAT s s B tos SyReic0f B ivpmemoche cluatyeror

operation of the proceSS|n chamber 111 a-111 d, such as 15 power_ supplies,
el ectrical eduppriEipce ‘E’é‘hf’?eo?m‘&fi‘w%ﬁﬁfhe pasent ipyengipm Jiagh process pradeleai0dd t hat
each process nodul e 103a-103d represents a very conpl ex systemincl uding
nuner ous Si ntl83d¢ isldafiesd te orphuleamrecessing cbeaniber Il ba-alish dheimeessd 98zt @3dyof each
obscuring the present invention, details of the processing chanber 111
a-111 d and otdeessinggehamibent11ki3ad ptSddarfer mahsferf off theewafee fts iahé duhef dien. 20
[00121 Figure 2 is an illustration showng a sinplified schematic of the

gas box 109apif@ding ¢HamBECOTGarae, Whilh eRibBing MhO Gidvedt clabeN @1 Rrasend be
i nvention. As previously nentloned the gas box 109a-109d is used to

command an appiQPa %E‘op%ﬁoﬁ“ I&Stdﬁ'éeerﬂb'adM‘ﬁt Qﬁ@g&%s"s R3804 is dehed aéLlajsh@' at
an appropriate gas flowrate he gas box 109a-109d i ncl udes a nunber of

gas sticks 2043 2408 pré&sst H]%dﬁl@bﬂgb 1554 1sofurtﬁlargwu§)p%d vslnxea %@§ bQ)? Ut Oé‘ao?@dlogd

i ncl udes
10  disposed above the processing chamber 111a-111d. The gas box 109a-109d is defined to

supply a required process gas to the process chamber 111a-111d at an appropriate gas flow
rate. Each process module 103a-103d further includes a region 113a-113d for other
equipment below the process chamber 111a-111d. The other equipment includes various
types of equipment necessary for operation of the processing chamber 111a-111d, such as

15  power supplies, electrical equipment, control equipment, etc. It should be appreciated that
each process module 103a-103d represents a very complex system including numerous
interrelated components. In order to avoid unnecessarily obscuring the present invention,
detéils of the processing chamber 111a-111d and other equipment 113a-113d are not
further described herein.

20 [0012] Figure 2 is an illustration showing a simplified schematic of the gas box 109a-109d,
in accordance with one embodiment of the present invention. As previously mentioned, the
gas box 109a-109d is used to command an appropriate gas mixture in the process chamber
111a-111d at an appropriate gas flow rate. The gas box 109a-109d includes a number of

gas sticks 201a-210p. In the embodiment of Figure 2, the gas box 109a-109d includes



7 sixteen gas sticks 20la-201p. However, it should be appreciated that a
different nunber of gas sticks can be used in different enbodi nents. Each
gas stick 20la-201p can be used to provide a particular gas or gas m xture
to the processing chanber 11 la-1l Id at a controlled flowrate. For
exanple, Figure 2 shows an input to each gas stick 20la-201p being 5
connected to receive Gas 1 through Gas 16, respectively. The outputs of
each gas stick 201 a-201p are connected lo a comon mani fold 217. The

mani fold 217 is plunbed to the processing chanber 11 la-1 | Id through an
i sol ation valve 219. [00131 Each gas stick 20l a-201p includes a nanual

val ve 203a- 20301028 cils OB 8019 HoWORT, iRl 1R oppresiEl halB aFRFRIRRhbaeyi ce
207a-207p, a ftilter 209a-209p, control valves 211 a- 10 21l p and 215a-215p,

d fl t : I | t
" vari ous enbibdlHeseS e gk faatd ARkt el IR Bl ALARAp B R

sone of the above-nent.i aned conponents or with.addi1]i ;
During oper af"PHACE ﬁ%ﬂl\‘i‘aF’i B8 FHIEHER gq%(ice%s-l %%B&QQQQE%EFI;E%QP%%%(Q ed
provi de a specifically fornulated S supply to th rocessjn anber
111a-111d. atflew gpeciFPi XFey I‘Fl%}tr%.zgg??“f5ggb‘§m é%facg‘f b sh%wEQQI?wzﬁCv ggﬁf‘%
exiting each gas stick 201 a-201p and subsequently entering the processing
chanber |15 a- édnhéctédstodicedivg Gas byhropgh Gat d:@d@gpe@tfveilmé hg/opipuis 10f gach ggs stick
Therefore, it is inportant that each MFC 213a-213p be capabl e of

control | i ng i20anespeectdomectedasa Loromon atagifoidt2A7 iTkermarifoll@lf| ie phuotbed imibe
range. In order to ensure that the gas flowrate into the processing

chanber 111 anrddebsifly tifandRe EkaANI Ethrdvgh iaf isomties salvy21% verify the 20
calibration of each MFC 213a-213p. [00141 In one enbodi ment, calibration of

each MFC 213ar,d13hy £238,0&icP 86100076 thoilRle 9 nfAnu P 8196 BOR-203p,% b rdgulaker eIaR0d
("RoR nmet hod" hereafter). In the RoR nethod, a gas flowrate is determ ned
by measuring fOSr;.)?g %re?!urgﬁi%gsﬁ%%n{ bR DY bEIP & Bl b 0bP] ddnRolGhaED I 10f
10 211p and 215a-215p, and a mass flow controller (MFC) 213a-213b. It should be
appreciated that in various embodiments each gas stick 201a-201b can be defined without
some of the above-mentioned components or with additional components. During
operation the various gas sticks 201a-20lp are controlled to provide a specifically
formulated gas supply to the processing chamber 111a-111d at a specific flow rate. An
15  accuracy of the gas flow rate exiting each gas stick 201a-201p and subsequently entering
the processing chamber 111a-111b is dictated by the accuracy of the MFCs 213a-213p.
Therefore, it is important that each MFC 213a-213p be capable of controlling its respective
gas flow rate within an allowable tolerance range. In order to ensure that the gas flow rate
into the processing chamber 111a-111d is acceptable, it is necessary to verify the
20 calibration of each MFC 213a-213p.
[0014] In one embodiment, calibration of each MFC 213a-213b can be performed using a

pressure rate of rise method ("RoR method" hereafter). In the RoR method, a gas flow rate

is determined by measuring a rate of pressure rise and temperature within a chamber of



8 known volune, as the gas is directed into the chanber. Using Equation 1
bel ow, the measured gas flowrate is determ ned. Equation 1:

(Vol ume(cnBPressure RoRnMTI C ((nifsecXXm K)yn) | Flow Rate (seem) = C sec
J) 273.16 + Tenp. (C) 5 wherein C represents a constant conversion factor
and RoR neans rate of rise. 10015] The measured gas flowrate is conpared
to a gas flow setpoint of the MFC to ver|§y that the MFC i s operating
withinits flow tolerance. In general, the M-C 213a-213p for each gas
stick 20l1a-201p is calibrated separately Additionally, it is preferable to
perform at |least a ten point gas calibration for each MFC 213a-213p. The
ten point gasfgh idht 0 0 dafi6! UAGRed! fH {HeCbhOn. Phink Byddas fil RWbw, ihe
set poi nts equa Iy spaced over- the operati ng range of MFC 213a- 213p,
begi nni ng mnth %@% £ g&fate and ending with the rmaxi num gas
flow rate. f gure 2, ten gas flow calibration points
for each of he  si teen gas stlcks 201 a-201p requires performance of 160
gas calibrati %M’Wegsurenents Thus, it is inportant that each gas

cal i bration neasurenent be perforned in 15 a reasonably/short period of

fzaﬁur%d

time. [0016] Conventionally, th egen%ﬁ) (i,haggggﬁo 1l 1S @)\M been used
to performthe gas flow rat asur L h Cs
d

213a-213p. It is n&tesRaielgc »111 d
prior to starting the gas flow rate neasur process chanber 111
a-111 d. Consequently, because of the large volume of the process chamber
20 111 a- K11 d, i twhezein Cakmesants @ ggnstantreonversion fastrard Rp meancetericsanber 111
a-111 d and observe

[0015] The measured gas flow rate is compared to a gas flow setpoint of the MFC to verify

that the MFC is operating within its flow tolerance. In general, the MFC 213a-213p for
each gas stick 201a-201p is calibrated separately. Additionally, it is preferable to perform
at least a ten point gas calibration for each MFC 213a-213p. The ten point gas calibration
10  includes verification of ten gas flow setpoints equally spaced over the operating range of
the MFC 213a-213p, beginning with the minimum gas flow rate and ending with the
maximum gas flow rate. In the embodiment of Figure 2, ten gas flow calibration points for
each of the sixteen gas sticks 201a-201p requires performance of 160 gas calibration
measurements. Thus, it is important that each gas calibration measurement be performed in
15  areasonably short period of time.

[0016] Conventionally, the process chamber 111a-111d has been used to perform the gas

chamber 111a-111d. Consequently, because of the large volume of the process chamber

20 111a-111d, it can take a long time to evacuate the process chamber 111a-111d and observe
a sufficient gas pressure increase within the process chamber 111a-111d to measure the gas
flow rate. For example, it can take up to five minutes to perform a single gas flow rate

measurement using the process chamber 11la-111d. Thus, performing a full gas



a sufficient gas pressure increase wthin the process chanber 111 a-1 | | d
to neasure the gas flow rate. For exanple, it can take up to five m nutes
to performa single gas flow rate neasurenent using the process chanber

|1l a-111d. Thus, performng a full gas 9 calibration, e.g., a ten point
calibration of each gas stick 20la-201p, can take a substantial anount of
time, during which the process chanber 1 a-111 d cannot be used for wafer
fabrication processes. Thus, use of the process chanber 111 a-111 d to
performgas flow rate calibration nmeasurenents can adversely affect system
availability. 5 [0017] In addition to the foregoing, the |arge vol une of

the process ch@aph@bn, d.d ar lehldint 80rdtibe oNEHIR oAU R DO ULIMbESnRAIRSLRbst ARl €l n
cause the process chamber 111 a-111 d to have a |'arge and non-uni form

thermal mass. Agﬁ, hﬁ;n%ape V&uaﬂa{egog&%gg Shal®e: Pl1aliRgq egﬁg{sﬁéh&a fom@fgpef

I1lTa-111d |ntr ce prob pect to obtaining mal nt al ni ng

unlforn1tenpe .tu e dlstrlb |on MA h|n the proce 'l' D? \%L-l L Ia 1I
d during ) at € ' onary,

tenperature fe back nechanlsns nnnnl aSSOC|ated mnth t he proceSS|ng
chanber 111 ﬁgfnﬂfl BB Pfg’ rsélﬁy@ééctt PR RGHEH] 1't'yo control the
t enperature mﬁthln t he processing chanber 111 a- |Il d. [0018] To avoid the

non- uni f or’m t @A dataddisonite thei foivevine the Hingceyrumag Qﬁ&eaﬁ‘@@swm ¢thilla-111d
processing chanber | | la-111d, the gas flow rate neasurenents can be
perfornmed w tdnd tieenunierGuschagtives prasent therrint cengsehaprucess chdovenHrl a-1i td lodiavd ake a
substantial anmount of tine, e.g., one half day or longer, f or the

processi ng chafgbend noh-uhiférnil tHerrhal dnds@ THeGherth@Wmalsy atoRfisiRE of GRCHraddssigy
tenperatures to roomtenperature. Therefore, having to allow the process

chamber 111 anidierdln-reachubiRE PRébIGAY WiihDFkpR 38 bOMMS AP SR A MhRgCAN
adversely affect wafer fabrication throughput. 20 [0019] In sumrary, using

the process qhaghe 'Een;l;;cilatlﬁe Ristribhtibh &lﬂhlgﬁ{efp%d&sg@gschfa}ngw Nn#5-§114d during gas flow

10 rate calibration measurements. Additionally, temperature feedback mechanisms commonly
associated with the processing chamber 111a-111d are usually not effective enough to
control the temperature within the processing chamber 111a-111d.

[0018] To avoid the non-uniform temperature distribution problems associated with the
processing chamber 111a-111d, the gas flow rate measurements can be performed with the

15  chamber at room temperature. However, it can take a substantial amount of time, e.g., one-
half day or longer, for the processing chamber 111a-111d to cool down from normal
operating temperatures to room temperature. Therefore, having to allow the process
chamber 111a-111d to reach thermal equilibrium at room temperature can adversely affect
wafer fabrication throughput.

20 [0019] In summary, using the process chamber 111a-111d to perform gas flow rate

calibration measurements is not considered ideal because the large volume of the process

chamber 111a-111d introduces difficulty in controlling temperatures. Additionally, using




calibration nmeasurenents is not considered ideal because the |arge vol une
of the process chanber 111 a-111 d introduces difficulty in controlling
tenperatures. Additionally, using the process chanber 111 a-111 d to
performa nmultiple point gas flow rate calibration takes too |ong and
requires too much process chanber Illa-111d downtine. Additionally, 10
characteristics of the process chanber Illa-111d, such as vol une

determ nation and tenperature control, d8 not allow for gas flow rate
measurenents that are sufficiently accurate to verify the required MC
213a-213p performance specifications. [00201 To resol ve the probl ens

ment i oned abomsrac{engmpro%stﬁ@ LAV B BY PV | AQS sﬁcrgaév fo! QML %g ey

verification appar at us capabl e Of serV| Cl ng muf t OXGS

within the tgol Iatfo 100. an illustration. . show n

pl at f orm 100 tSIinp Yt %Omrrlgk a\’/?t &a%ilﬁgdfa&ag’e?ﬁubweflgﬁ hat, gp |Sflﬁ- EIl}Sn
apparatus 300 inp Ienenteqlthere n accordance with_ one enbodi nent

of , t he presemCCHAGENYTTHN! el*—‘?ﬁmré‘éwcb?l361%%@8%#%?”“@%“@%@“%% ow rate

verlflcatlon apparatus 300 of the present invention is referred to as the
flow 10 veri flﬁgf 0]dkevree@lva e prableme nreatinaddRbovofthe hieserd énsntipn pronides & houl d
be appreciated that the flow verifier device 300 is inplenented in the

t ool pl at fSor nflab@Eat¢ verjficatidndeppaatis cagablearfderviopemt diplecgag hsxds| 109a-t Gitdewithin
measurenents for verifying calibration of the MFCs 213a-213p in each gas

box 109a- 109dhetootakikfoii 00® O dUs en HS@atibdIHowig thé lobl Platfelns CorsEadgird
detail below, the flow verifier device 300 includes accurately known

chanber vol UNES haRhEAIERAED gBENSH Hhe dRMECRBN @p&a&@@@@ﬁﬁﬁ%@mé@%}eﬂg in
devices that are separate fromthe process chanbers 11 |a- d of each

process modul a%cc;]rgéﬁ: e W08 %ne [e%%é&grﬁ;a[l};ﬁf tht g?gs \ﬁﬂﬂv%%tgcg %gr éélg§of3c990u'ss?onf ﬁ'%t%agl ly

| ocated in the to system I'S connec o the
flow verifier deV|c

A e B e 5@%8* M St iyt R oGt B The

10 - verifier device 300 in the remainder of this description. It should be appreciated that the
flow verifier device 300 is implemented in the tool platform 100 to provide accurate and
repeatable gas flow rate measurements for verifying calibration of the MFCs 213a-213p in
each gas box 109a-109d of each process module 103a-103d. As will be discussed in detail
below, the flow verifier device 300 includes accurately known chamber volumes, pressure

15 sensing devices, and temperature sensing devices that are separate from the process
chambers 111a-111d of each process module 103a-103d.

[0021] The flow verifier device 300 is centrally located in the tool system 100. Each gas
box 109a-109d is connected to the flow verifier device 300 by a single line extending from
the output manifold 217 of each gas box 109a-109d to the flow verifier device 300. The

20  flow verifier device 300 can be utilized by any process module 103a-103d installed on the
tool system 100. However, only one process module 103a-103d should use the flow
verifier device 300 at any given time to perform gas flow rate measurements.

[0022] Figure 4 is an illustration showing a schematic of the flow verifier device 300

implementation in the tool platform 100, in accordance with one embodiment of the



20 flow verifier device 300 can be utilized by any process nodul e 103a-103d
installed on the tool system 100. However, only one process nodul e
103a-103d should use the now verifier device 300 at any given tinme to
performgas flow rate nmeasurenents. [00221 Figure 4 is an illustration
showi ng a schematic of the flow verifier device 300 inplenentation in the
tool platform 100, in accordance wi th oneyenbodi nent of the 11. present
invention. As previously discussed with respect to Figures 1B and 2, the
tool platform 100 includes the gas boxes 109a-109d, wherein each gas box
109a-109d includes a respective set of gas sticks 20la-201p. Each gas

stick 201a- 2Q}pehtUingéntionSAt GrdvaselyV@scassed vDUtes SRS A &fouds XIBI QA1 aNghePbOIVi de
the gas/gas m xture to the output manifold 217 at a 5 controlled flow rate

corr espondi NG, 4R @ 196kdcfigs Bk g%@l?o_x%ﬁ%%h%@d,%?eiﬁfsac%%@s 83513411664 indfdes

a-201p. As previously nentioned wth respect to Figure 2, the output

mani fold 217 of - I t CEeSSI
hamber 111 & e ket ipnd S AR AR TRAch o HIR P4 Sul Sl REBRg R w
conmuni cati on _between the out put ni f ol 217 an he processi hanber
e 151 o C 8 BT S B o Eros FAkuEs o 18 ol Foamel St ®
centralized flow verifier device 300 is plunbed to the output manifold 217
of each ds KextrallsdAlovotrte corespRdingniBo paving of thedYlg|d3phey plsthg et stick
establish fluid comunication between each output manifold 217 and the

fl ow veri fi er0deddipe AB@Eevignaly mengbradi with sespogbtodgurg 24the odtpusmpritold dEtoinear
each output manifold 217 within the respective |ine extending between the
out put mani f @ehch 2ds7band 09 E0K| vBvplumdbéds icethedpoceseng@Bambdrel 115-11d ovitin dre

val ves 401la-401d serve to isolate the output manifolds 217 during operation

of the processiidd fhREPLOEuIE 1034-168d 1 khidlconhd thitdtidn Hetween theLop@sithdnifaldof
the isolation valves 401 a-401 d near the output nmanifolds 217 serves to

limt the pl léff’@iaﬁtgthlé?}dd&%in?%ﬁé’f@&mH{&elllgk!&xpwqoﬂ&@ﬁédfﬂyds?olﬁi%ﬁ vanek 11e
processing chanbers 111 a-I111 d during operation of the

10 [0023] The centralized flow verifier device 300 is plumbed to the output manifold 217 of

each gas box 109a-109d. In one embodiment, a single line is used to establish fluid

communication between each output manifold 217 and the flow verifier device 300. An

isolation valve 401a-401d is provided near each output manifold 217 within the respective

line extending between the output manifold 217 and the flow verifier device 300. The

15  isolation valves 401a-401d serve to isolate the output manifolds 217 during operation of

the processing chambers 111a-111d. Additionally, the position of the isolation valves

401a-401d near the output manifolds 217 serves to limit the plumbing volume between the

output manifolds 217 and the processing chambers 111a-111d during operation of the

processing chambers 111a-111d. In one embodiment, each line entering the flow verifier

20  device 300 from the gas boxes 109a-109d also includes an isolation valve 403a-403d

positioned near the entry of the flow verifier device 300. The position of the isolation

valves 403a-403d near the flow verifier device 300 serves to limit the plumbing volume

between the flow verifier device 300 and the gas boxes 109a-109d that do not currently

have access to the flow verifier device 300. Additionally, the flow verifier device 300 is



processi ng chanbers 111 a-111 d. In one enbodi ment, each line entering the
flow verifier 20 device 300 fromthe gas boxes 109a-109d al so i ncl udes an

i sol ati on val ve 403a-403d positioned near the entry of the flow verifier
devi ce 300. The position of the isolation valves 403a-403d near the flow
verifier device 300 serves to |imt the plunbing volune between the flow
verifier device 300 and the gas boxes 101 109d that do not currently have
access to the flow verifier device 300. Additionally, the flow verifier
device 300 is 12 connected in fluid conmunication with a punp 405, which
provi des a vacuum source for evacuating and purging the flow verifier

devi ce 300. [CQQJ?e%led\M tﬂkhdr&irﬁﬁxﬁﬁh%ﬁoﬁ QitEQURkIpUD5 LwBbR pRovideh @ viQb®uktsaer t 0
determ ne the gas flowrate being provided by a particular M-C 213a-213d

i ncl udes all umes fromthe output of the
particul ar Nﬁ??gﬁggyﬁﬁggﬂfﬁiﬁgﬂﬁawﬁgﬁ$?%a?3§$1f|er devi ce 300. Therefore,
it is |nport t tween eag as_ .hox .109a-

flow verifierll G%@Q§ §%ﬁmgﬁgngﬂp még Hpﬁv%g@%ugggoéme Hﬁ&gggggﬂgnﬁ t he
flow verifier device 300, be mell-deflned nd u dehé¥qﬁd The g ptrallzed
pl acement of helg PyHded By F‘fﬁa@rCU]aHWCc@l}fO@ ilBpgss @Hd WGBICOHISHES Brim

w th known tubing vol unes between each s box 10 109a-109d and. the fl ow
verifier deviwhndgGionatheowpuf ofithaparieda %’\é]f@ 23t Ae taewabrthe Aew verifier dRuse
using the flow verifier device 300 to performgas flow rate neasurenents.
Furt her nore, 300eTipdrefbie] nds ingiovieeriha sleplgabing bxtwe@oeach @cbaxnld9e-hedd 4nd\ihe
verifier device 300, as well as within the flow verifier device 300, is

configured t onaecaimEdatiee 3600k Giehak edthgRgach lgavbeat (98-108d el the dour eatifiand
the desired gas flow rate neasurenent timng 15 characteristics. [0025]

Figure 5is apjck |39'@tbre%;e'll%ﬁﬁémﬂd%d&st%g@mkblﬁraﬁiedtﬂﬂ@eﬁlblﬂ\&f verfidw edrifidevi ce
300, in accordance with one enbodi nent of the present invention. The fl ow
verifier devi FeFice 980 within the tool platform 100, with known tubing volumes between each gas box
10 1092-109d and the flow verifier device 300, allows for an accurate volume determination
when using the flow verifier device 300 to perform gas flow rate measurements.
Furthermore, the plumbing between each gas box 109a-109d and the flow verifier device
300, as well as within the flow verifier device 300, is configured to accommodate
anticipated gas flow rates to be measured and the desired gas flow rate measurement timing
15  characteristics.
[0025] Figure 5 is an illustration showing a schematic of the flow verifier device 300, in
accordance with one embodiment of the present invention. The flow verifier device 300
includes an input manifold 501 to which an output of each isolation valve 403a-403d is
connected. The input manifold 501 is connected to a first chamber 511 through an isolation
20  valve 503 and an input line 507. The input manifold 501 is also connected to a second
chamber 513 through an isolation valve 505 and an input line 509. The first chamber 511 is
connected to an output line 515. The second chamber 513 is connected to an output line

517. The output line 515 of the first chamber 511 is connected to a discharge valve 535,

which is in turn connected to a discharge line 539. Similarly, the output line 517 of the



includes an input manifold 501 to which an output of each isolation valve
403a-403d is connected. The input nmanifold 501 is connected to a first
chanber 511 through an isolation 20 valve 503 and an input |ine 507. The

i nput manifold 501 is also connected to a second chanber 513 through an

i sol ation valve 505 and an input line 509. The first chanber 511 is
connected to an output |ine 515. The second chanber 513 is connected to an
output line 517. The output line 515 of 18he first chanber 511 i s connected
to a discharge valve 535, which is in turn connected to a discharge |line
539. Simlarly, the output Iine 517 of the 13 second chanber 513 is
connected to :a di,schar al ve 537, i i S | r Dy ed to a

di schar ge Iiﬁ%mgﬂéﬁmgggﬁlﬁfg?ﬁgFggt?%ﬁggag%@wg%&%gﬁgmgggqg%%ﬁ88 éﬁwgg)%he
punp 405, as _.previaqusl { scyssed with S to Figure 4. [0026] The
Plow ver 1 erdifibgeeanss it Aora sy 450 SIL i sprgiedif i B9 i¥nAvct ed
5 between the output Iine 515 of the first chanber 511 and the output |ine
517 of the se¥onenslycHecnpsed withsespayido Figwisth bri dge |ine 519 is separated from
the output lines 515 and 517 by valves 521 and 523, respectively. A first
pressure nmeasl0026jgiht fthow iverfidg 2 vics 300 rfndlet encludss at fiest bridgst L b Hyeorineeted 519.
[0027] In a manner simlar to the first bridge line 519, the flow verifier
devi ce 306G i netwidashe dfdpa line s oo the ifehy ehanibees B2ahdabnaapitdite 561 vehn sédoad
output line 515 of the first chanber 511 and the output |line 517 of the

second chanbeghafidd-51INensB&OREIRNINETe9 id RBardd flos GEREHAt Beks 515 aRd Seby
out put lines 515 and 517 by valves 529 and 531, respectively. A second

pressure A ﬁglnandd%i fegpéégéeu}.%a ﬁgggl%lgsgfegnéa@ﬁfg%g%%@gzpfsi cgﬂr?elcjtehrt‘@

527. [0028] w verifier device urther defined to include a
heater 541 fqh ﬁ% £ iq%aéﬂ;ng an el evated tenperature in each of the first
chamber 511 and't é%éo% ‘chanber 513. Additionally, one or nore

t enperature neasurene i . . . .
P [0027] Ina mg%necrleéi\{alli a?%o t g'%rs?{)r?dge line 519, the flow verifier device 300 includes

10  a second bridge line 527 connected between the output line 515 of the first chamber 511
and the output line 517 of the second chamber 513. The second bridge line 527 is separated
from the output lines 515 and 517 by valves 529 and 531, respectively. A second pressure
measurement device 533 is connected to the second bridge line 527.

[0028] The flow verifier device 300 is further defined to include a heater 541 for

15  maintaining an elevated temperature in each of the first chamber 511 and the second
chamber 513. Additionally, one or more temperature measurement devices 543 are
provided for measuring a temperature within each of the first chamber 511 and the second
chamber 513. In one embodiment, the flow verifier device 300 is connected to a control
system 547 that is defined to control actuation of each valve in the flow verifier device 300,

20  control the heater 541, and provide for data acquisition from the temperature and pressure
measurements devices 543, 525, and 533.

[0029] Internal to each of the first chamber 511 and the second chamber 513 is a first
volume and a second volume, respectively. In one embodiment, the second volume is

defined to be larger than the first volume by at least a factor of ten. For example, in one



provi ded for measuring a tenperature within each of the first chanber 511
and the second chanber 513. In one enbodinent, the flow verifier device
300 is connected to a control system 547 that is defined to control
actuation of each valve in the flow verifier device 300, 20 control the
heater 541, and provide for data acquisition fromthe tenperature and
pressure neasurenents devices 543, 525, ,and 533. [0029] Internal to each
of the first chanber 511 and the second chanber 513 is a first volunme and
a second vol une, respectively. In one enbodi nent, the second volune is
defined to be larger than the first volunme by at |east a factor of ten. For

exanpl e, in eAModithent MROEhAE RblutieeisSddnkd \é§)|aﬁéﬁi%xin&atéi?fdn@QQexa%tﬁﬂpﬂh@XﬁrE'iat ely
one liter within the first chanber 511, and the large volune is defined as

appr oxi mat el L0y drish Br5q\hd 1'&1' g vaﬁ?ne%?& g ascegﬁmat@lk:}io Htdrs g@ﬂfﬁltgel &@ond

appreciated that in ot her e odlnents t e rati e seco

the first VOch%ﬁbe(f‘%% bﬁ sil Q@ﬁbé hﬁ) c(i)a{’tecp{hgtal%eorﬂht h?‘n(rg)oélmentst a%rai\{lghdé &ﬁ h%&ép%t O

of the 5 second volune to Feorane s e es t hat

gas flow rates, can r at el asured over an ant ate |ng
range of gas Pl 1P gﬁf‘e’émﬁﬁ@u ﬁ‘%/ Plgf an op HERPLihAR %ene ‘é{ Y tﬂ%EF% tene
gas flow rate neasurenents. [0030] In one enbodi nent, the second pressure
measur emeft desPNg ¥olm toghe)§fst Nelyie shoyie Ae grtablishert el has 2as fipwaates epmebe
hundred times greater than the maxi num pressure 10 neasurable by the first
pressur e neasouegtenmedavedeves 2 antjcipated @penatiagliangnof gas Howf iates andawdhis dioend
pressure nmeasurenent devices 525/533 are inplenented as a first and second
manonet er, weetsahintstdimblished for @b e rate meampaidng. of nmeasuring pressures up
to 1 torr and the second nmanoneter is capable of neasuring pressures up to

100 torr. It [W@ﬂhﬂoﬁ)@emﬁ&ﬁﬁa@ﬁ' eHeeddcdrlaapredsreOhBAIrefRROBMVIRN 33 {shRfiA&RXIoMUM
pressure neasurable by the second 15 pressure neasurenent device 533 can be

more or |ess fhane ongrddindededsd BBS Hhfi@ed times greater than the maximum pressure

10  measurable by the first pressure measurement device 525. In one embodiment, the first and
second pressure measurement devices 525/533 are implemented as a first and second
manometer, wherein the first manometer is capable of measuring pressures up to 1 torr and
the second manometer is capable of measuring pressures up to 100 torr. It should be
appreciated that in other embodiments the maximum pressure measurable by the second

15  pressure measurement device 533 can be more or less than one hundred times the
maximum pressure measurable by the first pressure measurement device 525. However, the
maximum measurable pressures of the first and second pressure measurement devices
525/533 should be established such that gas flow rates can be accurately measured over an
anticipated operating range of gas flow rates and within time constraints established for the

20  gas flow rate measurements.

[0031] In other embodiments, more than two bridge lines can be connected between the
output line 515 of the first chamber 511 and the output line 517 of the second chamber
513, wherein each bridge line includes a respective pressure measurement device. It should

be appreciated that in embodiments where multiple bridge lines are implemented, the



maxi mum pressure nmeasurable by the first pressure nmeasurenent device 525.
However, the maxi num neasurabl e pressures of the first and second pressure
measur enent devi ces 525/533 should be established such that gas flow rates
can be accurately neasured over an anticipated operating range of gas flow
rates and within tinme constraints established for the 20 gas flow rate
measurenments. [0031] In other enbodinents, nore than two bridge |lines can
be connected between the output |ine 51§50f the first chanber 511 and the
output line 517 of the second chanber 513, wherein each bridge |ine

i ncludes a respective pressure neasurenent device. It should be

appreci at ed t §su}egn@a@mﬂ%ﬁ{%§i§es%?Jcﬁte@ulﬁﬂ {lllle%riﬁéé fige ciu& DEFe & 1o provide a

i npl enented, the 1 pressure neasurenent devi ceS assocl ate Wi ththe
bridge lines can bhe defined to provide a..nor.e refined pressure neasurenent
Capabi 111y 1 npar Rt Plsyare riteiatiel ettt s Sohudl preyte FE83 AT
one enbodi nent, the first chanber 511 and the second chanber 513 are 5
machi ned out EFSHYE01i d al uni num bl ock. Use of aluminumin this enbodi ment
provides for good thermal uniformty within the chanbers when heated. In
this enbodi rreW83Ed§h0Wf emposimenty de Eishebembaingl 1t ped dhec sasand shamlesr J33arps
defined to be sealed by a respective cover and o-ring. Use of renovable
covers al |owsmadhgneti qus f anolidduomuinchlackhéfss of hluhE08n ti thieeminplireend @savides
serviced and cl eaned. Al so, tubing penetrations into the first and second
10 chanbers 5fbiesdB3hean] beifsai) adhinthocghbeseviah heated. gy thivgsniajdiose dachef
welding. Aleak rate introduced by the use of o-ring seals can be

account ed f ork Mird: BRanGRS afd BWsdcBh®chalBBSsIEN BB fedRS b aldatyuStpectivaRofdrow
verifier device 300. In alternative enbodi ments, the first and second

chanbers 511/ 30-%.@3%0@ J&e%o&%}gp&g& Sgaa%dfsa%ﬂ?@wmewmlslg;te-be

st ai nl ess steel. Itironally, 1n ot I nents, closure nechanl sns

other than " more easily serviced and cleaned. Also, tubing penetrations into the first and second

10  chambers 511/513 can be sealed through use of o-rings as opposed to welding. A leak rate
introduced by the use of o-ring seals can be accounted for in the gas flow rate
measurements performed using the flow verifier device 300. In alternative embodiments,
the first and second chambers 511/513 can be made from materials other than aluminum,
e.g., stainless steel. Additionally, in other embodiments, closure mechanisms other than o-

15  rings can be utilized.

[0033] The two chambers 511/513 and two pressure measurement devices 525/533 provide
the flow verifier device 300 with the capability to measure gas flow rates accurately and
repeatably over a wide range of flow rates, e.g., 0.5 sccm to 5000 sccm, wherein scem
refers to standard cubic centimeter(s) per minute. More specifically, the flow verifier

20  device 300 provides for selection of either the first volume, i.e., first chamber 511, the
second volume, i.e., the second chamber 513, or both the first and second volumes as a test
volume within which the gas flow rate measurement is to be performed. Additionally, the
flow verifier device 300 provides for selection of either the first or second pressure

measurement device 525/533 for use in performing the gas flow rate measurement. It



15 rings can be utilized. [0033] The two chanbers 511/513 and two pressure
nmeasur enment devi ces 525/533 provide the flow verifier device 300 with the
capability to neasure gas flow rates accurately and repeatably over a w de
range of flowrates, e.g., 0.5 sccmto 5000 sccm wherein sccm refers to
standard cubic centineter(s) per mnute. Mre specifically, the flow
verifier 20 device 300 provides for seleq%ion of either the first vol une,
i.e., first chanber 511, the second volune, i.e., the second chanber 513,
or both the first and second volunes as a test volune within which the gas
flowrate neasurenent is to be perforned. Additionally, the flow verifier

devi ce 300 prgyouRiese hpiredfbe @ld QBlc@fonebtt hertedt hRIImd 8hd 96leFRE WTHNP R&ESHE €
measur enent devi ce 525/533 for use in performng the gas flowrate

nmeasur ement . }nte?s%t@ﬁueﬁh&'\}lcg 1P HRP Hﬁ%ﬁh?gegsgﬁheﬁﬁg S50 Phhe VRS ?sé‘iatti\élgl une

and selection o e pressure neasurenent device to be used durin

measurenent is.aff e ri isolatjion.,valves 503 05 1,
53, 520, and BT Teni G s A TR e Sy Ay Pl 368t MPoosay
In view of the configurable nature of the flow verifier device_ 300,
accurate 5 re@@?ﬂtlpoﬁeﬁfOfg% ?qngﬁ}lrﬁlélﬁe“aﬂﬁ%%rt@ﬁé]ﬂws VF%fE“Ba Peupn agpprate

appropriate selection of test volunme and pressure neasurenent device.

Sel ection bf rendutigmelogasi fieve rate sreaspsimants 1§ vgsedpipes soragpiopaae selpgion ddestce
for use in a given gas flow rate neasurenent is based on the anticipated
gas fl ow rat evélombendpesure theasukndng dewipe Sekdtianacfethe fappropsaetest volsmeiandt he
test wvolune. In one enbodi nent, four gas flowrate ranges are defined to
enabl e sel ect pressuf médserehOntaepice pyrived @ 4 gi8dn auelfloWwaatamebaprrasail ishasabaithe ment
device: 0.5 sccmto 5 seem 5 sccmto 50 seem 50 sccmto 500 sccm and

500 sccm to 5Q0Qisae8 Tas Hbw U de RRaAPA HAIRS 8FettbBtate bstelRienibany theakdies
of each of these four gas flow rate ranges are approximate to within t

10% Addi ti ongdile, BRNerbaRfih ToRALE Hod e QW Adfinb@toRRabIE QSLASH of ! S
10  appropriate test volume and pressure measurement device: 0.5 sccm to 5 scem, 5 scem to
50 scem, 50 sccm to 500 scem, and 500 scem to 5000 scem. It should be appreciated that
the boundary values of each of these four gas flow rate ranges are approximate to within +
10%. Additionally, when an anticipated gas flow rate to be measured falls within an
overlap of any two gas flow rate ranges, either of the two overlapping gas flow rate ranges
15  can be used to select the test volume and the pressure measurement device. Table 1 below
shows the test volume and pressure measurement device to be selected based on the
anticipated gas flow rate range, in accordance with one embodiment of the present
invention. With respect to Table 1, the terms "small" and "large" for the test volume refer
to the first chamber 511 and second chamber 513, respectively. Further with respect to
20  Table 1, the terms "small" and "large" for the pressure measurement device refer to the first

pressure measurement device 525 and second pressure measurement device 533,

respectively.



overlap of any two gas flow rate ranges, either of the two overl appi ng gas
flow rate ranges 15 can be used to select the test volunme and the pressure
nmeasur enent device. Table 1 below shows the test vol ume and pressure
measur enent device to be selected based on the anticipated gas flow rate
range, in accordance with one enbodi nent of the present invention. Wth

respect to Table 1, the terns "small" and~'l arge"” for the test volune refer
to the first chanmber 511 and second chanber 513, respectively. Further with
respect to 20 Table 1, the ternms "small" and "large" for the pressure

measurenent device refer to the first pressure neasurenent device 525 and

second pressure nMeapalleNESHectBl bf Bes? 3lumd MuNEesisuyEMEasukémenkaviee 1.
Sel ecti on of _Test Mol ume _and Pressure Measurenment Device Anticipated Ga

Test Vol une PressAiticimtedGRat e Range Mpasyp@pent Device O0.Besgmto 5 scem
smal | small b_sediaw BagORangem | ar ge snm Sgﬁseem t{o S\densyremmng Pevice | ar ge

500 seemto b0000Seeem kaad speml ar ge [ 0035] sipelt i ng t he |gas f | ovwsmiadlt e
measur ement Usi ng stdmetd $oossemer i fj er devi ¢@e800, a tijmer andsnidile sel ect ¢
pressure neasur eEREdm EEMW0GBecrhS used to ngagure the rate of prggsure risq

wi thin the tESTs0gQLdR sod@dEdh ONAITY, The,fenperature w thinpihe Test
vol une i s nmeasured. Them, UsSTNy Equatiom I as presented above, the measured

gas flowrate is determ ned. The volume to be used in Equation 1 is

defined as th tire volune.that is in fluid 0 ni cati gn .doynstream

rom the out pUPSTDiTE Te€™ RaY T mirargrsrbriips B8 HohLa i dovitrotk P at e

is determ ned using Equation 1, a corrected gas_flow rate can be determ ned
and the selected pressure measurement device is used to measure the rate of pressure rise

d

U \U

5

5  within the test volume. Additionally, the temperature within the test volume is measured.
Then, using Equation 1 as presented above, the measured gas flow rate is determined. The
volume to be used in Equation 1 is defined as the entire volume that is in fluid
communication downstream from the output of the MFC that is being verified. Once the
gas flow rate is determined using Equation 1, a corrected gas flow rate can be determined

10 by subtracting a measured leak rate of the flow verifier device 300, if any, from the
measured gas flow rate.
[0036] In one embddiment, the leak rate of the flow verifier device 300 can be determined
by measuring a rate of pressure rise within an evacuated chamber due to gas leakage from
the test volume of the flow verifier device 300. Then, using Equation 1 above, the

15  measured leak rate is determined. The volume to be used in Equation 1 when determining
the leak rate of the flow verifier device 300 is defined as the volume of the evacuated
chamber into which gas is leaking from the test volume of the flow verifier device 300.
[0037] The gas flow rate measured by the flow verifier device 300 can be compared to the
corresponding gas setpoint on a calibration curve for the MFC being tested to determine if

20 the MFC is operating within its specified gas flow rate tolerance. If the MFC is not

operating within its specified tolerance, an evaluation can be performed to determine if an



10 by subtracting a neasured |leak rate of the flow verifier device 300, if
any, fromthe neasured gas flow rate. [0036] In one enbodi nent, the |eak
rate of the flow verifier device 300 can be determ ned by neasuring a rate
of pressure rise within an evacuated chanber due to gas | eakage from the
test volunme of the flow verifier device 300. Then, using Equation 1 above,
the 15 neasured |leak rate is determ ned. {ghe volune to be used in Equation
1 when determning the leak rate of the flow verifier device 300 is
defined as the volune of the evacuated chanber into which gas is |eaking
fromthe test volume of the flow verifier device 300. [0037] The gas flow
rat e measur edagpyopiiae douivalentefliaw fagr adiieumhene fa3{00 iscpplidablecindrmas @fthnt offsttifector,
correspondi ng gas setpoint on a calibration curve for the M-C being tested
to determ ne ifir@@ MIE ndddCtd e rORdedt ing Within its specified gas flowrate
tolerance. If the MFCis not operating wwthin its specified tolerance, an

eval uati on ca 1 [ A P i ent
@gm@g@ggﬁqoﬁ O tﬂ@hﬁvg\;g er dfev1@é13(5'€)§the% Elg%ﬁ 01 P?ed%‘ a}fﬁ’alu?

flow rate adj or 1s app e, l.e. use o set tactor,

or 11 Lhe e negti t o o onLaRes ARSTBLPHEBAPSHIM 2B Bl AR

verifier deviTk ‘the maintain  an € ated, i.e.,
above anbient, and uniform.tenperature wthi tBe first and second 5
Chanbers L1 dagberig! 5Y buike clvE e isamartroRhis Gy HF R ares s s
of gases that condense at |ower tenperatures. Condensation of gases
downst r eam f r emdetse aljowep tpmpsraturesa Rondenpabign @& eees BewnsHeam drogyuide MEnovtst e
nmeasur enment because vol une occupi ed by the condensed gas is not accounted
for in the frea vobdue epar anticegas dfowEmptramieamremeabbsceuse vidwihe iooqvalet\by the
condensed gases can adversely affect pressure nmeasurenents perfornmed 10
usi ng the pressbeRedpasisrerasioudeyifeesn haFieb3dlunfeupdriasternefcEqugtien il ibetes
into each of the first and second chanbers 511/513 can be designed to slow
the gas streagy@fichalyO¥bifiensdd gases can adversely affect pressure measurements performed
10 using the pressure measurement devices 525/533. Furthermore, gas inlets into each of the
first and second chambers 511/513 can be designed to slow the gas stream and provide a
large surface area of contact between the gas stream and heated walls of the gas inlets.
Thus, the gas inlets can be designed to pre-heat the gas prior to entering the test volume in
order to avoid condensation upon venting into the test volume.
15  [0039] The configurable test configuration of the flow verifier device 300 provides for use
of a large pressure differential during gas flow rate measurements, particular at the lower
end of each gas flow rate range as identified in Table 1. The configurable test configuration
of the flow verifier device 300 also minimizes an amount of time required to perform gas
flow rate measurements, particularly at the higher end of each gas flow rate range as
20 identified in Table 1. In one embodiment, the flow verifier device 300 enables accurate gas
flow rate measurements to be performed for each gas flow rate range as identified in Table

1 within a time period extending from about 5 seconds to about 60 seconds, while utilizing

at least 40% of the pressure range of the selected pressure measurement device.



| arge surface area of contact between the gas stream and heated wal | s of
the gas inlets. Thus, the gas inlets can be designed to pre-heat the gas
prior to entering the test volune in order to avoid condensation upon
venting into the test volune. 15 10039] The configurable test configuration
of the flow verifier device 300 provides for use of a |large pressure
differential during gas flow rate neasuregpnts particular at the | ower

end of each gas flow rate range as identified in Table 1. The configurable
test configuration of the flow verifier device 300 also mnimzes an
anount of tine required to performgas flow rate neasurenents,

particul arly pn40hes br@f@ﬁlyeﬂ&tlelﬁede@Céhﬂ@ﬁ&eﬁﬂé}’\/\ﬂév%e%OOa&g%ea&mg&tédd%nﬁaEf i ed
in Table 1. In one enbodinent, the flow verifier device 300 enabl es

accurate gas cddu@v stﬁh*ﬁSm%Hé %%ﬂ%ﬁaﬁdﬁ T R E{}E%g cBhtrdt E\t]cé%at%e 0!319}84] rate

range as identified in Table hin a tine perlo exten fromabout 5

seconds 10 abguton60:ARRORMS 1o oney bbbz be b LSRRE dgv% 0 lﬁg;‘a%gf}rg&%gﬂgfy

range of the ected pressure nmeasur enen

mentioned, the.flow ve er deyjce_ 300 can be connected to the control
system 547 Wlﬂf] ng 4 S@S%FAnﬁjtp}lt(gnxkf’ #e g Ptécﬁ Sﬁﬂﬂ’“aﬁ&l %ﬁ“tﬁ’(’}ﬁt“? 8faugerRe& 8- t he
control sten1547 functlons to control operation of the flow verifier

devi ce 30 i PTESERSy HmERurgyvalye patsss assoeiated mal thehew yerifpgr devic 308 fermelyei
system 547 functlons to acquire data, e.g., 5 pressure, tenperature, valve
states, associndt PEsShiatian ttaed pseswinyend Fbedidenti eegragiical owseramédriped $§GUBNr
presentation to a user. In one enbodi nent, a graphical user interface (GU)
for control | dongoliing thid Buwwerifién davicde3dde r&ereid onr £ddplag df @ncotmpdics plstom of a
conputer system associated with the tool platform100. The QU is defined

to present a dss®iateti with thenooTip@tform 0@ e @S it QERANS baudrt BGsd-RatH 4 Qiber
verifier device 300. In one enbodinent, the GJ can 10 provide an option

for automat erny?anthéf bR tHe ol L&mey@éwée 0. @?Mﬁ&&m%%ﬂnm%ﬁgcvﬁ% a
particular gas flowrate calibration test to be perforned. For exanple
through tfe Y3&fide an option for automated configuration of the flow verifier device 300 based upon a
particular gas flow rate calibration test to be performed. For example, through the user
interface provided by the GUI, the user can specify that a multiple point gas calibration be
performed on one or more gas sticks within the gas box of a particular process module.
Additionally, the user can be provided with options for specifying a maximum and
15 minimum flow rate to be tested for each gas stick. It should be appreciated that any other
configurable parameter associated with either the flow verifier device 300 or operation
thereof can be presented as a user-configurable item in the GUI.
[0041] The computer system associated with the tool platform 100 can also be used to
perform the mathematical calculations associated with each gas flow rate measurement
20  performed by the flow verifier device 300. For example, the computer system can be
defined to use data acquired from the flow verifier device 300 to calculate the gas flow
rate, calculate the leak rate, calculate the corrected gas flow rate, and compare the corrected

gas flow rate to MFC calibration records. Furthermore, the computer system can be defined

to correct gas flow rate measurements for other effects, such as non-ideal gas behavior as a



interface provided by the GU, the user can specify that a multiple point
gas calibration be perforned on one or nore gas sticks within the gas box
of a particular process nodule. Additionally, the user can be provided
with options for specifying a maxi mumand 15 minimumflow rate to be tested
for each gas stick. It should be appreciated that any other configurable
paraneter associated with either the flog verifier device 300 or operation
t hereof can be presented as a user-config&rable itemin the GUI. [0041] The
conput er system associated with the tool platform 100 can also be used to
performthe mat hemati cal cal cul ati ons associated with each gas now rate

measur ement  gQcREN d1rER ek Pinf BGrtd, Qe WEcild 8ls HEhES. B confRier @530 1Fq t he

conput er system can be defined to use data acquired fromthe flow verifier
device 300 to l.cu t f L ow te.. cul ate

calculate t heG(E:jgrC %ne{é?aé%ddggﬂg’ﬁ%ﬁa% glto \év, Iragenc m&%ﬁr{))nair%éﬁkshghggﬁcbgg{g%ahégga? | ow
rate to MFC cal |br.ation records. B Further e, the conputer systemc be
Gof fned 1o CONPBEDN GRUNT Fvpe Siskoitbieo BN dine s G HE 06 oF HEPES B as
non-i deal gas behavior as a 20 function of pressure, tenperature, and
specific gas HPepsAtY@Es: The computer systemand GU can be used to
archive gas flowrate calibration results. The archived gas flow rate

cal i bration r@8#tEgwean iben dhvatrgtioachewing delinvdhyrt pf amethoddhtiensrating drd8ovor
process nodul e- dependent trends. 5 [0042] Figure 6 is an illustration
show ng a f| owgifiar devdde 300yeh hochrdante ofpthr @atei engbodhneent lobthe present ireentibey iThe
300, in accordance with one enbodi nent of the present invention. The

net hod i ncl udgsthad iRMeTeatah Oshchiltidn foon foel@mdnkifpdng targbapgetiogastel taape tabe
range to be measured. An operation 603 is then perfornmed to select either

a small vol ur?ﬁeé@ﬁre@.AJr\iﬁ%g@ratidﬁoédﬁn@ t}ﬁ&rpéﬁ%ﬁn&ﬁtoasefe€§%ithgpé wiBl L ohmERRSUkI:RY

the gas flow rate. operation 605 i's also 10 perfornmed to select either a

| ower pr eSSUr G TEa Ry ru%@sng teg%ihﬁﬁ:“e Rt n%aglirigg(?}ge é%'é FRRULE. An operation 605 is also

10 performed to select either a lower pressure measurement device or a higher pressure
measurement device for use during the gas flow rate measurement. Selection of the test
volume and pressure measurement device in operations 603 and 605 is based on the target
gas ﬂow rate range to be measured. In one embodiment, the guidelines set forth in Table 1,
as previously discussed, can be used to select the test volume and the pressure

15 measurement device for use in testing.

[0043] The method further includes an operation 607 for evacuating the test volume. In a
subsequent operation 609, the test volume is exposed to the gas flow rate to be measured.
An operation 611 is then performed to measure a pressure rate of rise within the test
volume. In one embodiment, the pressure rate of rise measurement in operation 611 is

20  performed within a time period extending from about 5 seconds to about 60 seconds.
Additionally, an operation 613 is performed to measure a temperature within the test
volume. In one embodiment, the temperature within the test voluxﬁe and surrounding
structure is maintained to be higher than a condensation temperature of the gas to which

the test volume is exposed. Upon completion of operations 611 and 613, an operation 615



measur enent device for use during the gas flow rate nmeasurenent. Sel ection
of the test volune and pressure neasurenent device in operations 603 and
605 is based on the target gas flowrate range to be neasured. In one
enbodi ment, the guidelines set forth in Table 1, as previously discussed,
can be used to select the test volune and the pressure 15 neasurenent
device for use in testing. [0043] The nethpd further includes an operation
607 for evacuating the test volune. In a subsequent operation 609, the
test volunme is exposed to the gas flow rate to be neasured. An operation
611 is then perforned to neasure a pressure rate of rise within the test

vol unme. I n onés prsbiadd fendcteriéin tiRSgddr fow adi€ imdd tid &8 Vi@ LSAEMe Basured
operation 611 is 20 performed within a tine period extending fromabout 5

seconds to0 ab@pHsBdra8L60MSnd 1t dthr@RAMY the 3dt PREMALIsHe\BhR1yY AsA&EE Witﬁecj
to measure a tenperature within the test volune. In one enbodi nent, the

t enperat ure m@%ﬁ&gmhﬂgmg&§y vol ume and surrounding structure is maintained
to be higher than a condensation tenperature of the gas to which the test

vol ume is exp Upan_caonpl ef i,on erations, §11 and 613, an. operation
615 21 is pr E@ﬁgkﬁl (518 remggfq%'eﬁf’ medﬁgﬁ??gé%a;%‘%ﬁef B\R}“gﬁf’%erf‘tiﬂné %‘frﬂg’?‘it the/GHtune
using the peasured  pressure rate of rise and tenperature within the test
vol une, as> pr SBEdiam Hests dlosgral torbe measpred @nd eEniiag iagess feak[ralg pasociatpdone
enbodi ment, the nmethod can further include operations for isolating the
test 5 vol um¥ithrthenteshaolyas. Thawthases flov bae Mersuined imtit oresationial§ andes

| eak rate associated wth the test volune. Then, the gas flowrate

det er mi ned i ncerested peaburd forBidmemnrel@as ledematect ed t o account for the
nmeasured gas | eak rate. [0045] Because the two flow verifier device 300

vol umres ( 511/ fb35] Bécausaabaifvat Bdvy virifandevicd 308 vioh@ivks (8111 138 hre G638y 3AOw AN
be used to performa calibration self-check of each
the flow verifier device 300 can be used to perform a calibration self-check of each
10 pressure measurement device 525/533. For example, the larger volume 513 can be
pressurized to a known pressure while the small volume 511 is evacuated. Then, the
isolation between the large and small volumes can be opened such that pressure between
the large and small volumes is allowed to equalibriate. In this process, the pressure
measurement devices 525/533 can be used to cross-check each other to determine if they
15  are still adequately calibrated.
[0046] Additionally, because the flow verifier device 300 volumes (511/513) are large
relative to the external interconnecting tubing volume between the gas box 109a-109d and
the flow verifier device 300, the flow verifier device 300 can be used to verify the external
interconnecting tubing volume. For example, either or both of the flow verifier device 300
20 volumes (511/513) can be pressurized to a known pressure while the external volume is
evacuated. Then, an isolation between the pressurized flow verifier device 300 volume and
the external volume can be opened such that pressure is allowed to equalibriate. Since the

pressurized flow verifier device 300 volume is known and the initial and final pressures are

known, the external volume can be determined, i.e., P; V=P, V..



10 pressure neasurenent device 525/533. For exanple, the |arger volune 513
can be pressurized to a known pressure while the small volunme 511 is
evacuated. Then, the isolation between the |arge and small vol unes can be
opened such that pressure between the large and small volunes is allowed
to equalibriate. In this process, the pressure neasurenent devices 525/533
can be used to cross-check each other to getermine if they 15 are still
adequately calibrated. [0046] Additionally, because the flow verifier

devi ce 300 volunes (511/513) are large relative to the externa

i nt erconnecting tubing vol une between the gas box 109a-109d and the flow

verifier devi a4B00se dfftwo thvbey edlinheLihd 4RV bretsudHefaRmbit désReh dites\iRI fidwy t he
external interconnecting tubing volunme. For exanple, either or both of the

flow verifier,dev 68i30R02f: MY PR AP/ B3k AuRRIPLRSSHalBEDyEC frknOWN

pressure while the external volunme Is “evacuated. Then, an i1sol"ation

bet ween the pressuri I veri fii.e i a
vol une can bghreé%ég%gﬁgklgﬁ%t86?@£§%F§§¥g6§?%%gbgﬂ%gmggﬁgﬁfﬁ%$§?§¥&§ﬁgce
the pressurized flow verifier device 300 volu i S, known d.the.nitial
bng 1 1nar  pr cdStiese v e SR Ese iRt GBF anchirbuiEnb Rt
i.e., P1vi=P2Vv2. 22 10047] Use of two chanber volunes and two pressure
nmeasur enert d&gPRiEs 2a5 (e ritgengq e be weasursdayithin g figs rgoer eyiedigifrant ghoupS
verify gas flow rates accurately and repeatahly over a very |arge gas flow
rate range, esegonds@ Bbasit 6rsacond0NGditeraity, FFhacshangd deviemib e tpol platfsmdO01 the
flow verifier device 300 are established such that each gas flowrate
calibration pléwberdfiserdebicé B Bmbi sise gadtitd. g, dbegmante floarvehfemizara 360l
within a tinme period extending fromabout 5 seconds to about 60 seconds.

Addi tional |y, a8a@m&Bahae dodeiicGreabitehbif fleRbilitp Mathb@rBpadd e féWeerifidradvice
verifier device 300 is not size sensitive. Thus, designing the flow

verifier devi 20 BQestliQioMB N W s%Be EASe HbAWeFifla1eIRAIH RNBRNLitITIHRE Riehdubidg
wi thout regard to flow verifier device
10  gas flow rates over the entire gas flow rate range. Furthermore, the flow verifier device 300
is designed to be cleanable and purgeable. The cleanability of the flow verifier device 300
is particularly useful when measuring flow rates of toxic, corrosive, or condensable gases.
[0048] In addition to the aforementioned features of the flow verifier device 300, the flow
verifier device 300 is also capable of measuring pressure responses to characterize MFC
15 transient flow effects. More specifically, for a given gas flow, the pressure measurement
device and test volume can be selected in a manner that provides information about
transient MFC turn-on overshoots and undershoots relative to the gas flow setpoint of the
MFC. Furthermore, a gas can be run through the flow verifier device 300 in purge mode
while transient effects are monitored through pressure changes in a given volume. The
20  pressure changes can be correlated to the mass flow for identifying differences in MFCs.
Transient information of this type is becoming increasingly important for the latest

semiconductor technology process control, which requires knowledge of both steady-state

flow control and transient flow control.



300 size restrictions allows the single flow verifier device 300 to be
suitable for neasuring 10 gas flow rates over the entire gas flow rate
range. Furthernore, the flow verifier device 300 is designed to be

cl eanabl e and purgeabl e. The cleanability of the flow verifier device 300
is particularly useful when neasuring flow rates of toxic, corrosive, or
condensabl e gases. [0048] In addition to,the aforenenti oned features of
the flow verifier device 300, the flow verifier device 300 is al so capable
of nmeasuring pressure responses to characterize MFC 15 transient flow
effects. More specifically, for a given gas flow, the pressure neasurenent

devi ce and t epo4y|OWHITE 1AM oS BAsQfebE festibed iRANSHT Jeh@h] HHMINtRE, it will be
i nfornmati on about transient MFC turn-on overshoots and undershoots

relative to t f hot - Ofp. .t U : Gas; e
run through t r%Fa?)e\:/(\i/ @gﬁ@%ggg(gehv}ncgl%%gu?%%a?lg% t%ﬁ%@&aﬁ fpgmtgi ?glr?gl?gﬂé)
effects are nitor through essure._chang i.-n_a gi.ven vol une.. The 20

o essur e changiu i % PRI SREUE Y RETRat 4 Pat, o Rhae RetRliag ond
differences in MFCs, _Tr ient informatjqn of this type is becom ng

et east oty TGRSO THREOTS e i el o, Biesint FBEHS) By et
control, which requires know edge of both steady-state flow control and
transi ent ¥ | otlfesinns: afiditions, perpoedpnsyard quiviglestsiapjahvityn theaEuespbi aad swpf bed
in ternms of several enbodinents, it will be appreciated that those skilled
in the art upditheieachitiog. t he precedi ng specifications and studying the
drawings will realize various alterations, additions, pernutations and
equi val ent s t her eof . Wkhes elated,is:it is intended that the present invention
includes all such 5 alterations, additions, pernutations, and equivalents
as fall within the true spirit and scope of the invention. Wat is clained
is: 24



CLAIMS 1. A gas flowrate verification apparatus, conprising: a first

vol une defined within a first chanber; a second volune defined within a
second chanber, the second volunme being larger 5 than the first vol une,
wherein the second volune is isolatable fromthe first volune by at |east
one valve; a first pressure nmeasurenent device configured to be connected
in fluid comunication wwth either the $4rst volune, the second vol une, or
both the first and second volunes; and 10 a second pressure measuremnent
device configured to be connected in fl L gonnunication with either the
first volune, the second volune, or bot first and second volunes, the
second pressure neasurenent device capabl e of neasuring higher pressures
than the first prassura gaefsuraenficdier bgaratwhendrigingach of the first

vol ume, the second volume, or both the first and second 15 volunes is

sel ectabl e as a tefifst whim@tihed witllas tirst tignmdegas fl ow rate, wherein each of
the first pressure neasurenent device or the second pressure neasurenment

device is sel ect abbdofdVoliageiined §itBinl R6&1Ar BAabdrNhe sécdfd V&lsthe VOhdIRRser 2.
The apparatus of claim1, wherein each of the first volune and the second

20 vol umes i sthedmHREGEHODIinE, Whbiefh GOBRYM ¢AIHOR MI4thb1& BASHhS Bkt ¢8luf@by Whi ch
the gas flowrate is to be neasured, each of the first volune and second

vol ume bei ngichdpggpaRdently isol atable fromthe gas source. 3. The
apparatus of claim1, further conprising: 25 25

a first pressure measurement device configured to be connected in fluid
communication with either the first volume, the second volume, or both the first and
second volumes; and

10 a second pressure measurement device configured to be connected in fluid
communication with either the first volume, the second volume, or both the first and
second volumes, the second pressure measurement device capable of measuring higher
pressures than the first pressure measurement device,

wherein each of the first volume, the second volume, or both the first and second

15  volumes is selectable as a test volume for measuring a gas flow rate,

wherein each of the first pressure measurement device or the second pressure

measurement device is selectable for measuring a pressure within the test volume.

2. The apparatus of claim 1, wherein each of the first volume and the second
20 volume is connected in fluid communication with a gas source for which the gas flow rate
is to be measured, each of the first volume and second volume being independently

isolatable from the gas source.

3. The apparatus of claim 1, further comprising:

25



a heater defined to maintain an el evated tenperature within each of the
first volume and second volune; and a tenperature neasurenent device
capabl e of measuring a tenperature within each of the first volune and
second volune. 5 4. The apparatus of claim1l, further conprising: an input
mani fol d configured to receive a gas supply fromeach of a plurality of gas
sources, the input manifold being furthepsconfigured to direct the received
gas supply to the selected test volunme. 10 5. The apparatus of claim1,

further conprising; fikst, bri > | f n [ ol une
to the second voI%H%%ﬂﬁﬁ%%ﬂﬁ?P?%gﬁ}?%g%mﬁﬁﬁégﬁﬁ%ﬁﬁéﬁﬁgl%&ﬁ?ﬁ@?ﬁ%%Fégmgnd a
second val ve, wherein the first pressure neasurenent device is disposed

bet ween t he ?¥V§?m§§&3%eéﬁg t he second val ue; and 15 a second bridge |ine

defined t t.the first vol to th d vol t d
o7 dge. 1§ ne. 1 no e e PAIUE e oo By ey R AR cone

pressure nequrfnenﬁ devi.ce ig qis osed between the third valve and the
fourth val ue® e fFphyelumsand secoad ¥oume. o m 1 furt her conprising: 20 a first
di scharge_|ine connecting the first volume to a punp, the first discharge
l'i ne incﬁuding a first discharge valve to isolate the first volunme from
the punp; and a second di scharge |l ine connecting the second volune to the
punp, the second #di schbgeapivpel 4y L Hirher C9MeEEBHd di scharge val ve to

i solate the second volune fromthe punmp, 2 ,
an input manifold configured to receive a gas supply from each of a plurality of gas

sources, the input manifold being further configured to direct the received gas supply to the
selected test volume.
10

5. The apparatus of claim 1, further co.mprising:

a first bridge line defined to connect the first volume to the second volume, the
first bridge line including a first valve and a second valve, wherein the first pressure
measurement device is disposed between the first valve and the second value; and

15 a second bridge line defined to connect the first volume to the second volume, the
second bridge line including a third valve and a fourth valve, wherein the second pressure

measurement device is disposed between the third valve and the fourth value.

6. The apparatus of claim 1, further comprising:
20 a first discharge line connecting the first volume to a pump, the first discharge line
including a first discharge valve to isolate the first volume from the pump; and
a second discharge line connecting the second volume to the pump, the second
discharge line including a second discharge valve to isolate the second volume from the
pump.

25



26 7. The apparatus of claim1l, wherein the second volune is at |east ten
times larger than the first volune and the second pressure neasurenent
device is capable of neasuring pressures at |east one hundred tinmes |arger
than the first pressure neasurenent device. 5 8. The apparatus of claim1,
further conprising: a control systemdefined to configure the pressure rate
of rise gas flowrate neasurenent appard®us into a test configuration for
measurenent of the gas flowrate, the test configuration being defined by
a sel ected test val uneTaneapparags|ofctaid 1pwaasiartee sckOndredsne énentasdevitigres t he
test configuration for a gas flowrate within a range extendi ng from about

0.5 standar brgeulthan the dirit el $9d e rsedtnd Wresre eidaPuréend @iovite & Sapette Bei ng
defined by the first volume and the first pressure neasurenent device, the

test confi gumadsuny predsus gakadtloawhtudfr@l Whéshiafgeathh@ AGELiSXpredthe Naeafur@menabout
5 15 sccmto about 50 sccm being defined by the second volunme and the
first pressug®icenmeasurenent device, the test configuration for a gas flow
rate within a range extending fromabout 50 sccmto about 500 sccm bei ng
defined by the first volume and the second pressure neasurenent device,
and 20 the test configuration for a gas flowrate within a range extendi ng

from about 500 sgcn1t@mgﬁgggw§gﬂ@n§qcﬂhggkgg dgfd.ned by the second vol une
and the second pressure feasurenent device. 27

a control system defined to configure the pressure rate of rise gas flow rate
measurement apparatus into a test configuration for measurement of the gas flow rate, the
test configuration being defined by a selected test volume and a selected pressure

10  measurement device,

the test configuration for a gas flow rate within a range extending from about 0.5
standard cubic centimeter(s) per minute (sccm) to about 5 sccm being defined by the first
volume and the first pressure measurement device,

the test configuration for a gas flow rate within a range extending from about 5

15  scem to about 50 sccm being defined by the second volume and the first pressure
measurement device,

the test configuration for a gas flow rate within a range extending from about 50
sccm to about 500 sccm being defined by the first volume and the second pressure
measurement device, and

20 the test configuration for a gas flow rate within a range extending from about 500
sccm to about 5000 sccm being defined by the second volume and the second pressure

measurement device.



9. A nethod for operating a gas flow rate verification device, conprising:
identifying a target gas flow rate range; selecting a test volunme wthin
the gas flow rate verification device, wherein the selected test volune is
either a small volunme or a |arge volunme, the test volune selection 5 being
based on the identified target gas flow rate range; selecting a pressure
measur enent device within the gas flow rdfe verification device, wherein
the sel ected pressure neasurenent device is either a | ower pressure

measur ement devi cg or A rétiyhidor qpemsisgis gasfleaate eerfivaticledevize, combisisg| ect ed
pressure measurenent device being based on the identified target gas flow
rate range; 10 evaleunt#yinpg tdripe gisef®lv Melraige; exposing the test volune to a
gas flowrate to be nmeasured; nmneasuring a pressure rate of rise within the

test volunme;, neasddcting aaedt eop@icakitie thd fRi flovi he vesticade] démse, d@b@mhnhai ng
the gas flowrate into the test volunme using the nmeasured pressure rate of

15 rise and sdorpertest woRmedis Bittier tahall 68 fumé Qr WMBrge FTMmMOUTHP st L &lBme HISRbRYI NQ,
storing, or otherw se conveying the determ ned gas flowrate. 10. The

met hod of5 cl BB Bhsed darthdidbnt BRI &b bRTlow Fale M4n@b;ni Ng a tenperature of the
test volunme and structure defining the test volume 20 to be greater than a

condensati on t enpiQtiig @ HessuRemIRABrehRniiEGE WARInt &S tea¥ HoWBatl SerifaBOsed-
11. The method of claim9, wherein neasuring the pressure rate of rise

within the &k, WRLMIE tHeS 0 i 1 hi : i N ' om
about 5 seconds tgmégou%e %%%%%'%gﬁgﬁﬁ%%nggnénghgﬁup% hﬁQr%,ks@ﬂpﬂgmﬁg

measurement device or a higher pressure measurement device, the selected pressure
measurement device being based on the identified target gas flow rate range;
10 evacuating the test volume;
exposing the test volume to a gas flow rate to be measured;
measuring a pressure rate of rise within the test volume;
measuring a temperature within the test volume;
determining the gas flow rate into the test volume using the measured pressure rate of
15  rise and temperature within the test volume; and

outputting, displaying, storing, or otherwise conveying the determined gas flow rate.

10. The method of claim 9, further comprising:
maintaining a temperature of the test volume and structure defining the test volume
20 to be greater than a condensation temperature of the gas to which the test volume is

exposed.

11. The method of claim 9, wherein measuring the pressure rate of rise within
the test volume is performed within a time period extending from about 5 seconds to about

25 60 seconds.



12. The method of claim9, further conprising: determining a |leak flow
rate fromthe test volume; and using the leak flowrate to correct the
determ ned gas flowrate into the test volune. 5 13. The nmethod of claim9,
wherein the small volune and | ower pressure mneasurenent device are
selected for the identified target gas flow rate range extending from
about 0.5 standard cubic centineter(s) pé? m nute (sccm to about 5 sccm
the large volune and | ower pressure neasurenent device being selected for
the identified talget JFhsmethbdof dame, fushgeomptiemgi ng from about 5 sccmto
about 50 sccm the small volume and 10 hi gher pressure neasurenent device
bei ng sel ect ed f odeterineninglelkbk flowe chtd sy dte tggasolfith@wnd at e  range ext endi ng
from about 50 sccmto about 500 sccm the |large volune and hi gher pressure
measur enent devi cesityethetpak beedteth cooect tHeeleletgingd dak Bdwirate gfd thg ast volpw. r at e
range extending from about 500 sccmto about 5000 sccm

5 13. The method of claim 9, wherein the small volume and lower pressure
measurement device are selected for the identified target gas flow rate range extending
from about 0.5 standard cubic centimeter(s) per minute (sccm) to about 5 scem, the large
volume and lower pressure measurement device being selected for the identified target gas
flow rate range extending from about 5 sccm to about 50 scem, the small volume and

10 higher pressure measurement device being selected for the identified target gas flow rate
range extending from about 50 sccm to about 500 sccm, the large volume and higher

pressure measurement device being selected for the identified target gas flow rate range

extending from about 500 sccm to about 5000 scem.



