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System and Method for Gas Flow Verification by
I nventors Vernon Wng Richard J . Meinecke

WEBAGKERAZNDO- THE | NVENTI ON [ 0001] A nunber of PoDUSI006/009746

sem conductor wafer fabrication processes require a

process gas to be su%dlled in a carefully controlled

manner to Systemtamd Methodfor Gras ElowtVierification gas

is used to support or effect processing of the

sem conduct or wafer. For } gsin a plasma etch

process, a process gas is upp i'ed to an et chi ng

chanber, wherein the pro is converted to a

pl asma for etching nater %S@gﬁht on the surface of

the wafer, hi nost cases, the sem conduct or waf er
fabrication processes rRiguardd. Mewmepeocess gas supply

to be carefully controlled. Mire specifically, a flow

rate of the procBaTiEGROUND bF IHEINVENTEIRTOE! needs

tg bs galntalned range derined by a recipe of

the fabrication process. The proce gas flowrate is
[QO8k D Nmymiss i R desy chan%?ée’r&} V\fs gla?ﬂtlroamf%?esm’f@f}m’fe a process
upstrean1fron1the reacti on chanber. Thus, the accurac
gad tonbé stiprtlied ipraocasfllyamnfrbied manesrciars beactem chashbesgwherein the
is generally dictated by the accuracy of the MFC

f&é&u?ﬁ; Wi t8uioRC 85 BffB@SploBessRIgubl Gtk bémipdsductor wafer. For
0002] It shoul d be appreciated that the MFC deV| ceis

npl ex d s [

e’éaé’%ﬁf’lf &Narpg 5 c%%?‘ r%ﬂpxagcgﬁgg &g?%td? gl %glggn{ dent e%%ﬁd chambe,
man actors. Durjng facture of th I\/FCd

RS SR PIOSEHST BECIS CORVPIENG Y B\RLeraee RIS present on the
verified to be within established M-C des

swfeeidfitcawafen Inohest zassesthe welcw@omwf%&tgn@woamrpmses require
manufacture is typically perforned in a controlled

thePPRkadsOga¢ 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
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
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

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



envi ronnment using N2 gas. Thus, the MFC verification
duri ng manufacture nmay not bound the environnent al

wa@ onvdiopdsons to which the MFC will be exposed dpeT/n§2086/009746
real-morldinplenentation. Addi tionally, conversion

fa are to translate the MFC verificatio

18§1 ‘ﬁé‘i m}lﬁ’t BOIB’G’FSF‘E’ST,E?@HH% g Usrdrt PftliaE%l?‘Fé]PF VEC verification
results representing a real gas. It should be
reguis asing MNadntohearresprndingevenifieatiinoesylisoepnesenting @ real gas. It should be
i nherent | evel of uncertainty. Furthernore, after the

abpiecidted aati $hesbi @pRErsion thiRoRNUavis &in dfilbrbiS I&el e6F ivhcertainty.
the end-user's system a potentl al exists for the MFC

Fgl?t‘l’lbl‘ﬁ?org Qe I@%F@fdebﬁgﬁsr ﬁ% bl ?%ﬁ&catndtlﬂstéﬁe%l in the end-user's

esi gn speC| I cation l'ow rate contr

A AR Rl o P EBSASLT ot o

has not be introduced in the formof calibration
dgsien speciiigagonr Akse, the gagfiew gateiconiseli conatdlityor! thi MFGrdgvice needs to
occur during startup or service of the MC devi ce.
be@afiddicalty wardisd o etidnee thar &pait g folérindescoddition &g Rotthe introduced in
verify the gas flowrate control capability of the MC

RS YhBE of Qaﬁﬁi@‘u&? AlirnoelodddifiPbe g?ﬁuéﬁﬁ)fﬁf&nué'k&gthﬁte ?, occur during

gases However, the’ enduser”s I pmrent for veri
as_flow trol accuracy of the M-C deV| ce
@“P?’ﬁﬁ%%cwfﬂ’&ﬁ’égp%&cs of matching the tight
tol erance | evel s of the MFC design specification.
10 (6903 dr yicay obths dargseing ot i desirabilersy vsyidyrihergas flew rate control capability
technol ogy related to accurate verification of the gas
off ItianMIEE devdomirr thie redpedrid inpleménthtien M} ey icawes UHo®ever, the end-
antici pated operating conditions. SUVWARYCF THE
ubONENTfhbrdt GBP G brifyingSthe Wad fﬁﬁv A0 cBhtrA RLulaBRLL YREMFC device is

pr esent i nvention can be II’Tp enmented i n nunmer ous ways,

as, s t vi,ce
PR G AN DR T R s
nvention_are_descri ged bel ow. [0005] | n ope
%fg%ﬁﬂﬁgnTherafogeae Raee FXiskt for VPOV PragH!F dhtespRlpg trlatpdsto accurate
di scl osed. The
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 includes a first volume defined within a
first chanber and a second volune defined within a
wa ewefgbsehanber. The-second vol unme is | arger tPemuUsive6/009746
first slunme. Theapparatus faurther includes a first
pressure neasurenent_ device and a second pressure
appesaiuy Sweher inelufesea fizglc Aresiure HacapyieRientz AeVISe @Bh @ second pressure
pressure neasurenent devices is configured to be
neasumenteddévicd. | BacH afd thveu fiirst adrido seoand hpresstitee mephigrerhents devices is
vol une, the second volune, or both the first and

cHERRR 1V WitRRectcl 18 fREC BOEMRARESM RitHRABMRIERL volRMieC fhe second
I's capabl e of neasuring higher pressures than the

first [ iI&e. ' o
ol e DGR B BEEK-BHETOERY B seflf RBGRMAMSnlchnent device s
t he second vol une, or both %he first and second )
5 cqpsblnek measusiag Jughas| rressures tharsthey dish REespEP gasdigmeny dayice. The
gas flowrate. Additionally, each of the first
appeesssiscfurtbersdefiond suchabati aaeh of theHgrsseddume, the eetond ¢rolume, or both
nmeasurenent device is selectable for neasuring a
tHY 6 briPsebbAd vblubes i Sadctabid BO'E test OORIGIe fot nRaqirigra gas flow rate.
enbodi nent, a central cluster tool platformfor
u r. pr [ t Qo
ARTATNG G R T88, Bltequte IhEELATRH (B @ine,sccond prossur
nodul es accessi bl e oma central |ocati.gn. The tool
PSP BRHEGS 1 SIS LoG TP g e ey voRime,
control systems, wherein each of the plurality of gas.
10 [eufoply awther obmbeditment b scaxrabceslagterd toplt plasforms ferc spmeconductor
one of the wafer processing nodul es. The tool platform
phdbeidng isidiveldse@SThe teeiplatkain ihaludesveplufiliepdl wafetlprocesing modules
di sposed in a central location relative to the
Al | f - .
Bl oty S g e R, B8 LRI g of s supply
connected in fluid co ni.cation.with each of. th . .
CBRE PP RSOV RS 6ot SR oG s SRED cpiola8fepmsqis associated
rate verification device is defined to measure a gas |
withoarespactive onpPf thel Wafer preccyaRg Bagwes; Tél@ﬁ@qlmlatéoy@ﬂ%ﬁh%rdncludes a
which the gas flow rate verification device is
15 gaellest fateelerifvatiredévdck dispPeed Jin hi ceatralt loeatioandoativerbmthe @urality of
nmet hod for operating a gas flow rate verification
VB4 f6cessing modules. The gas flow rate verification device is defined to be selectively

connected in fluid communication with each of the plurality 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
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I's disclosed. The nethod includes identifying a target
gas flow rate range. A test volune within the gas fl ow

WO 2006/09%r76 f i cati on device is then sel ected basedr/osonéeny746
identified target -gas ow4ate :age. The sel ected
test volnneis eithelLa small yolune rpressure

prasse meassiremgeh devicevivitin ihe ges Jaw rpieoigrifigation device is also selected
verification device is also selected based on the

bagtdndr theeiflehi@fige targs sgak | foow ratk erangen gkhe Seheetegieprestued measurement
pressure neasurenent device is either a |ower pressure

dgﬁ@é W SffRp IQ%f Sfesfire IndAbBRAENPAKIRUSCa HRARH f)f%@ﬁﬁ‘& measurement
device. The selected test volune is then evacuate

The eeds th ex the

o B SR AR AL SRR e g s vt
rise within the test voI unme i s then neasured
cRRRFINE WBAZ9SE yolume terfpeasalayy eatgia b meanwed. dsprejaye ke pErise within
nmeasured. Using the neasured pressure rate of rise and
theetepevaltime ds Whénhmeasubel. tAaklitionallyne fempeeatg@swithinvwhe d¢sk volume is
into the test volune is determ ned. [0008] O her

nfaRged. Usnstha dyasired Efesﬁfre t€ of eI tempdthiuke WREDNBe test volume,
nore apparent fromthe follow ng detailed description,

npanyi ng draw ngs,
tk!iel #ﬁggt ”‘Q‘i ?enlﬂ{ogtﬂgwas{;&gﬁﬂnég%%wﬁg present invention.
BRI EF SCRI PTI ON OF THE WNGSFl e lAis an
093] QefeiaspertsHEidTAR A Willbgepie maqrggpegrent from the
tool platformincluding rrul ti pI e process nodul es, in
folbavoing atetatledi ddscriptmne ridledi imeennjwictivh evith dbeaccompanying drawings,
invention; Figure IBis an illustration show ng a side
iMhs@tifg bff{i@yﬂf@&ﬁqﬂe tHegésest inventiagcor dance with one
enbodi ment of the present invention; Figure 2 is an
illustration showing a sinplified schermtl c of the gas
box, in accordance with one enbodi mrent of the present
invention; Figure 3 is an illustration show ng the

tool platform BrikEFrDESCRAPTION OF THE DRAWINGS

Figure 1A is an illustration showing a top view of a central cluster tool platform
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
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;



dedi cated pressure rate of rise gas flow rate

nmeasur enent apparatus inplenented therein, in
wacwengsnee W th one enbodi ment of the presentPCT/US2006/009746

invention;Figure 4 is an iljustration showi ng a

schematic of, the.fl ow verifier device jnplenpentation, .
in t H&SWBot p1 &t F’g‘iﬁ%ﬁtl% Shewgdan%eml% ‘gnﬂ"% how' Veritier device
enbodi ment of the present invention; Figure 5 is an
iinplementagion dn thé el plptorme fre aecordanod witheorfel embadimenti eff the present
devi ce, in accordance wth one enbodi nent of the

ivedgemt i nvention; and Figure 6 is an illustration

showing a flowhart of a nethod for operating the flow

o0 il S 55 ot SRR AU PO v,

the foll ow ng desqgriptiopn, nunerous specific details

5 aiggduRe YABh G oSG of e gt ST BV oRoAugh
understanding of the present invention. It will be
appafiéghre 6HswavBystration shewisgia flesichart aftremgthpd tfomeperding the flow
present invention nay be practiced wthout sone or al
vefifithis&esipaectdridancdetiti i, enibodirhéie fof tHeiresaeisventiinl
known process operations have not been described in
detail in order not to unnecessarily obscure the
present invention. [0010] Figure IAis an illustration
showing a top view of a central cluster tool platform

("tool platfornt) 10DEMOLE® DESCRIETIONE Process
nmodul es 103a-103d, in accordance wth one enbodi nent

e pr nt. i nvention. The tool atform 100 )
10 (Pgdh 548 SNERHink S inian, pimerous s b8 eRoge forth in order to
105a- 105d of each process nodul e 103a-103d is
raedds s ihisreughmndarstanding o Sheepresast inevantson. Towill e afipsyeot dgwever, to
within the central area 101, such that a wafer can be

ohe akidleéd rin ek o thdt the praseadhvantion aasy b giicticciOBAhout33the or all of
hi one enbodi nent, the transfer nechanism 107 is

58 BB AR SLUOBRes RIS e st v
dRERped Ee?z%ﬂneg’rdélron%? Eoll(l)n?ﬁ%besisgrﬂ?/ gggcluge t?lg 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
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appreci ated that other enbodi nents of the too
pl atform 100 can include nore or |ess process nodul es.
wo-oblogssnor e, it shoul d be appreciated that eartm/US2006/009746

process nodul e 103a103d cars be defined to perform one
proceSS| operatlons as known to, those

130 1T el GrEpr ey per omc%i]or FRJE reatPpTogessipg operations, as known to

illustration showing a side view of the process

thasd gkidled irotdeatt03d, in accordance with one enmbodi nent

of the present i nvention. Each process nmodul e 103a-

[0®A4 Figure eBiined ill@trhtis $diss PEAS S&H HOhE B%Ee&gm(lé‘h@s 103a-103d,
11d. The access 105a-105d of each processing chanb

il hdco gt%a!ﬂbﬁ uﬂ&oéﬂede?r?bofd%erhro?'%ﬁé &gcs%ftl tli@_@ffac 'H%c%ssa%%dule 103a-

out e proceSS|ng chanber

lg%? ‘g’%g‘ﬁé f‘,oaltnlc 8 %ﬁoc%gggg i% a-1 Hﬁie ng é&‘g:gssleoaSa-l 05d of each

105a-105d is defined as a intvaIve Each process
prasgsfing ehmaberolld aild 1€ provides dejuirppséat off the wafgasntooand out of the
109a- 109d di sposed above the processing chanber 1 1

ptavessindd chakhiser gBIS abld d,1 @éte 10QB1IMS titebiodest Eingiep pl' DI a-fl 11d to be
required process gas to the process chanber |11l a-|

sé’éle@ﬁuﬁ‘z%ﬁ R5iiH, Gn IR é‘ngﬁaﬁlrﬁéﬁtethe@c‘c%f f&%i@gdr@%@}' ﬁed as a slit-

103a- 10 urther includes a region

t he qui r.o charmber,
%’lﬁs EesiopBan: prae e 0ol e iR e s & eas box 10001094
pment necessary for operation of the processing
dl?F afr?ée-f\bOIe theaprpeqspig charmherabl lgdvidd. Ehppas leax 1092-109d is defined to
el ectrical equi pnent, control equipnent, etc. It
seipdyl b deduéired process g el tHehabcesacliunibied ¢ €56 1 ADALI28 appropriate gas flow
103a-103d represents a very conpl ex systemincl uding
A MBAH PrdcBse iRt €08£ PFRIOARHeS - ind1RdQ Qelre%rﬁaﬁ f‘l\éﬂ- 1q3f1 for other
I nventton, details

unnecessarily obscurlng the present

and ot her . .
o, U 52 PR BB P o D0 s vrions
)&gm%% Figure 2 is an illustration showi ng a
IR ERERY O PP HiPTIRRIsthe BRoCEERE er il hla-111d, such as
accordance wi th one enbodi nent of the present
powerEsuppbies, elistrisalesquiusént, comtrbl eqepimetthetc. 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,
details of the processing chamber 111a-111d and other equipment 113a-113d are not
further described herein.

[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
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gas box 109a-109d is used to command an appropriate
gas mxture in the process chanber Illa-111d at an

wappsopsiat e gas flow rate. The gas box 109a- 1BOTUS2006/009746

i ncl udes a nunber of gas st1cks 20la-j210p. In jhe

.enbodi ment f JQqureldL, Jhe gas ) i

sDYSesR. 208 gHeksid a1 ép-ﬁ@\g%\f%tlg@wughée gpregiated theh 2 gdiffasent number of
However, it should be appreciated that a different

gasintieks cah bgasedsin dikferenbembeadimsstd. Eavhdiak fséclePd12-201p can be used to
enbodi nents. Each gas stick 20l1a-201p can be used to

pR6aud §lBardiciaF bdsGlos mibasredb (1ATofsiihY CRarhBer 1N €a-111d at a controlled
processing chanber Illa-I11d at a controlled flow

F lLeq: Flour S I NPt to.eac .
R Sy e SR 04 88U L B BRIy ein
t hrough Gas .16, respectively, The ouytputs of each gas )
CORFiEtg RS HR &aarleﬁ%@}ﬁl?eée% 16,5 RE R R BMPHS| of cach gs stick
217. The manifold 217 is plunbed to the processing
20hadby arpdoaneete i@ a ¢dompughmanifoldd 15t Thevmaaifold 227ds plumbed to the
[0013] Each gas stick 20la-201p includes a nmanual

pYédevsin@Ed@nt20 8Dl a- Bl 1¢aBrogl th &bRitiod 98 2205p, a
pressure neasurenent device 207a-207p, a filter

G008 SRE00% L 68 hjod 1A 000007 05

appreciated that in varigu nmbodi S ch gas
2850 LBistind ptmciamn SBvise e AEA0 T ol 200200 toRgol valves 21 1a-
above- nmenti oned conponents or w th additi onal
24 tppoaeAl 8220y i ang epmast ifloww tchatreliari QUECYadl3g21dks It should be
201a-201p are controlled to provide a specifically

appredidtedtthat igaarisuidghbodifeith @adh §36%56k D01 £DEIHGM bbldefined without
a-H d at a specific flowrate. An accuracy of the gas

sbin@Wof ahe ﬁ?ivg-irﬂlﬁiti@ﬁ&f‘ BDoddtE or2 Q@ ﬁgﬁggl?ﬂdco:ﬂn}foan_epts. During

subsequent entering the processing c 1

lib.is dictated by th ur, of th 213a-213p. .
ophapbt Pt VN o ke AR B ciriieled Te s tiE pesbeciticall
capabl e of controlling its respective gas flow rate
fomuiatad 2as sprdndd e pocessBscdambeay éllwﬂll@r@ea spegific flow rate. An
ensure that the gas flowrate into the processing
achaadyeof thé Lasflbiwdratesexditiegegrchlpae stich 20 n-2(HpemdasuPsdqaently entering
verify the calibration of each MFC 213a-213p.
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
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
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[0014] hi one enbodi nent, calibration of each M-C
213a-213b can be perfornmed using a pressure rate of

wo e@e/0psrérod (" RoR nmet hod" hereafter). I n the RORUS2006/009746

nmethod, a gas flowrate is &fleterm ned by neasuring a
rate of pressure rise_and tenperature within a chanb
kapraovumel arhe gas isndirested mdo dhe ehangheri Hswst pquation T below, the
chanber. Using Equation 1 below, the measured gas flow
mezkered gagifive rate feodbterfaueslt i on 1: wherein C represents a
constant conversion factor and RoR neans rate of rise.
ﬂ &l 1.The neasured gas flow rate is conpared to a gas

ow set point of the MFC to verify that t he I\/FC i's

operatlng wi t hin |tsflowtol rance. t)(he)
MFC 213a-213p for 3@ P}Bss%% Rz( j (seckK
ly. Addit I t\ des

calibrated s par onaI I y \

to peftOFRAEISCFBASTa Ten poi g Tion Té’?ﬂa )
each MFC 213a-213p. The ten p0| nt gas C ration
includes verification often gas flow setpoints equal Ify'
spacehessin C represeser eeuiskgt eenvgesion fagtaea &mn@p@q;o rise

begi nning with the mninmumgas flow rate and endi ng

[0013) THeanémXictgas Jaw rhtk dncondiaged toia g lodndpnsbimneTiheMEC to verify
Figure 2, ten gas flow calibration points for each of

tﬁ{iec?% (])\?ff?@ %] 0 . i éa'v&tlﬁﬁl 79 h%wzgﬁéfaﬁc%qfﬂ @r%rzﬁ efhe%ﬁ@@l% a-213p for

as C tion ITE&SUF enments.

L P i

Conventl onal |y, the process charrber 111 a-H d has been
ah deagt 2 tenwintgamcpiatiens for |cach MiCe2 HasadiBpe Fha e Haypt gas calibration
calibrating the MFCs 213a-213p. It is necessary to

insladasatesi ficidorpoidiea 2as Cloanegpointd bqaallyi shbaped overtthe operating range of
starting the gas flow rate neasurenent in the process

tﬁamﬁ@rzﬂsymf) béHnnifP %ﬁﬂﬂﬁnﬁlﬂmuﬁﬁg@m%wofaté Rfd Ieaaag with the
vol ume of the process chanber 111 a- it can t ake

SR T AR 5500 SRR g8 o i o
etacr:]]fie orf)’rtgg esfxstee%h gar;b g‘c{ck:sL 121()1z;11-2l(_)||11§I rteccl)ulrrg; apselgt[o?mgl?cee gf 160 gas calibration
measurements. Thus, it is important that each gas calibration measurement be performed in
a reasonably short period of time.

[0016] Conventionally, the process chamber 111a-111d has been used to perform the gas
flow rate measurements for calibrating the MFCs 213a-213p. It is necessary to evacuate the
process chamber 111a-111d prior to starting the gas flow rate measurement in the process
chamber 111a-111d. Consequently, because of the large volume of the process chamber
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 111a-111d. Thus, performing a full gas
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flow rate. For exanple, it can take up to five mnutes
to performa single gas flow rate neasurenent using
WO b@epowseess chanber 1lla-1 Hd. Thus, perf orn pgr/asioos/boyz46

gascal i bration, e.g., a ter?P point calibration of each

gas stick 20l1a-201p, can take a substantial anount of
qailh@tw@m gnd InPEnt ¢alibrabion of sachegpsshiek 29har2Qlpyyeen take a substantial
cannot be used for wafer fabrication processes. Thus,
anseind of tinee, dudog sehicththelprocetd ehambdrd 1t o-1p &d fcammot desused for wafer
flow rate calibration neasurenents can adversely

fabii@&ibn HYccesyey Ak 3B bF tHe}f)roc{egsp&?a}nHer A0 11190 HErféMALgas flow rate
foregoing, the large volune of the process chaiber %

r herei n
&Ilﬂaﬂoﬁﬁ%a%{r}%gé%ggc B’%?fwsgﬂe% a?%ﬁ lhé’ a large
ﬂ non nj f or nht her rral mass. The therpmal nass
Pl e addition; tosthe foregping - ige &age yglugeaibbe pracesy ciquaber 111a-111d
[ nt roduce problenms with respect to obtaining and
amelithg mimémys strughirésopresenttpeiacanse thiti psogesdeltandrer W tahl id to have a
t he processing chanber 111 a-H d during gas flow rate

161k | 438 AonQhi fORASHERHE s, TiekdinehRilahhy, chbﬁi@féﬁ%@ésuéﬁhe processing
f eedback nmechani sns commonly associated with

o‘ﬁ&%éﬁ%h[‘&ﬁﬂf‘% du%é‘ thr&olghg Wi ergﬁé?t:q d o@ﬁaﬁmﬁé fa qt fn\éﬁltammg a

enou to con enper at ur

r SI n 11l a; 0018] . To avoi d th )
R A hesEAS ﬁﬁ%@?&%ﬂ wlté«iné#? PTBE S8 chrgbetehida-11 1 during gas flow
associ at ed W|th the processing chanber 11la-1 1ld, the
rgtgsralibigiion ateesurements.ehdditienatlsintehpersbne eadbeckunthanisms commonly
chanber at room tenperature. However, it can take a

assuesdted wiithl thenmuedssiaf chamiBer 531I}L—l11@nﬁ’éaisﬁal¢5ahopéffect1ve enough to
| onger, for the processing chanber 111 a-H d to cool

aMe1 the %ﬂb?&tﬂ%er 8 R'E}%tﬁr &Sglﬁ%ﬁa#ﬁﬁaﬁ cf oom

t enper at ure ore, avi n 'ow t he process

BORER. it tﬁ’% Hog-ai}ﬁpr G RS Gt BsplHon pEHISE; Pegerted with the

t hr oughput . 0019£ sunmary, using the process

rEpResiBg chambes 11k f lbi sy 2as Hlavgeste meeswramaenés esal bepeaforoed with the
measurenents is not considered ideal because the |arge
chainbiereat @dorh hemparatnees Elowever, 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.

[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

the process chamber 111a-111d to perform a multiple point gas flow rate calibration takes

too_long and requires too much process_chamber 111a-111d downtime. Additionally, . .
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chanmber 111 a-Hid introduces difficulty in controlling
tenperatures. Additionally, using the process chanber

wd idbemdIrel to performa nultiple point gas fl oORCT/EHEE06/009746

calibration takes 111 a-11| 18- downti ne. -

ddi ti.opnally,-characteri stics_of the process chanber
@ﬁaﬁtﬁfls"m, O%EI%P%G%‘F eh il iﬂat W%h #nyolume determination and
tenperature control, do not allow for gas flowrate
teraperatuesreenteolt Ratmohrdowufor iges W yatacueasatements thet afeysufficiently
the required MFC 213a-213p performance specifications.
ac@82 Lo Verifyeboteyeiréd R DIBeSTSp Feifbintmed spodicationde
present invention provides a gas flow rate _
¥620] L ALORR AP e..0f _servicing.mliple. .
[gas]nges 1%89ta %ngzéﬂ\}l\nsstn%?ﬁ deat%fgg’l &%I Ig? %ec%{?rlrrwiéﬁé?lp p?OVIdeS a gas

igure 3.is.an illustratjon show.ng the tool platform o
Aot variARHiaR rpavall Fepehleu AR B epIF b Pid 095 109d within
verification apparatus 300 inplenented therein, in
thectoot plafermii0PhFighee T ithanilivsimationf sholwingthedeoit platform 100 of Figure
i nvention. For ease of discussion, the gas flowrate
IMehifing at dedivardpgis dldss r@d Getficdtivn fppesant 300N¥EF1EmeRted $herein, in
referred to as the flow verifier device 300 in the

ab &FBAHE §itHOdne &h&)(ﬁﬁﬁ%rdﬂ%ﬁé g%sef‘ﬂlt tét}\f&@ﬁ%%&%&ﬁe ?fsdiscussion, the gas

appreciated that the flow v evl ce

i npl enent.ed .in the too | at.form 100 to .pravid

R e elfiop ctpadi Gl e Bl ey RuBa i aferied ¢ g the ow
verifying caljbration of the MFCs 213a-213p in each
Vﬁ%@“b%ﬁ)k’wf(}@él ingthg rerraipderrighiscdeseriptionu lteshouldabel g@uecigted that the
will be discussed in detail below, the flow verifier
fvewvardicd @ovice SDOdesnplementad ¢ yhekiooMplatiiantd 00 to/ ptavidSaccurate and
pressure sensing devices, and tenperature sensing

WiaBR i i - i
r%l aa_ 1Sga§ MRt AfemSaRAmang fof 99911?}/&}%1%ﬁ19&%§ﬁ 8@ hﬁ@g?f 213a-213p in

11d of each process nodule 3a-103

e fl ihber [ 00 i tr vilocated in . .

cfEe LB B IbE b Rt G o e PR AR Yany P iE S Fistilsed in detai
connected to the flow verifier device 300 by a single

beloe thedlow arpﬂéerf Jegrec 08 taeldrstachatchokne wm ghagtbe yelymes, pressure
gas box 109a-109d to the flow verifier device 300. The

s¢risgg devipdsi end diewipertiB0 Gensing levises |thateatebgepamte from the process
process nodul e 103a- 103d installed on the

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 1092a-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
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 . ..
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tool system 100. However, only one process nodul e
103a-103d shoul d use the flow verifier device 300 at

w@arye®vse) tine to performgas flow rate nmeasuPErERL086/009746

[0022] Figure 4 is an illudtration showing a schematic

of the flow verifier device 300 inplenmentation _in

Rresent gyentemt As Previausly discussed mddintespeohite Figires 1B and 2, the tool
enbodi ment -of thepresent invention. As previously

matforns Bedinelutles the speboxdsd 0Fa-§09& svileReinpactPgastboe 10081109d includes
pl atform 100 i ncl udes the gas boxes 109a-109d, wherein

| i i i
5808 s 0B RS 50 s DB 16k cive

. ctions t.o. receive an LNput gas/.gas m xture and .
R AT Rl AR BRoRE; HRDEA R T ERe R e oD Panisalg 217 at o
at a_controlled flow rate corresponding to a settin )
controled R mtesgorsosnpnding (e Hmesel bk MECa2 Bordlip/ef the gas stick
previously mentioned with respect to Figure 2, the

20084201 p. s prfew] caisI Ientifoned withgespebioto Hig@a-2] @dotput manifold 217 of
plunbed to the processing chanber 1 1lla-1 Id within

dable a8 "BERN 1 (W20RPASisNPIkIbed 403de 486bssifik Whember 111a-11d within the
comuni cation between the output manifold 217 and the

SREEPRASIOTES 3 B AR G108 B o s
TR NE R L T, i P

single line is used to establish fluid communication
(062 wathlizedtipw vertlitarfdevidge 200 impluntbied té wwutguti tharefold 217 of
devi ce 300. An isolation valve 40l1la-401d is provided

caglaigagdok MYapWodNMBNiohe ! chbdlimt! B sindld ineeis PReH I t9 Cestablish fluid
i ne extendi ng between the output manifold 217 and the

LGRS S50 s Rt PP S gevice 00 o
R S RN —

40l1a-401d near the output nmanifolds 217 serves to

linergxtending petwiepn ihp owpunmabidelely etk theuflemitvenidinr dovids 300. The
217 and the processing chanbers 111 a-H d during

ismaticat vaivesof0 a1 grsesessiisujate hirsrbaipst hadifeldsiRd7 daiingBperation of
enbodi nent, each line entering the flow verifier

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
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 1092-109d that do not currently

_have access to the flow verifier device 300. Additionally, the flow verifier device 300is
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device 300 fromthe gas boxes 109a-109d al so i ncl udes
an isolation val ve 403a-403d positioned near the entry

w@booblog9sfé ow verifier device 300. The positi onPOf/Us106/009746

i sol ati on val ves 403a-403d1aear the flow verifier

devi ce 300 serves to |imt the plunbing volunme between
qopBegted i thaidjcomapumiealips avithoppume 40heWhish psowdes a vacuum source for
109a-109d that do not currently ha e _access o_

avaeitiogjané purfeing the dewivee fier device 300.

300. _Additionally, 4hedl owverif er- device-300

[06Z4! Wﬂﬁtréﬁrdnee fd B htieR BV S Ad Rhut Lfed@o %{Eﬂnﬂ‘%ﬁhe gas flow rate

V\,hl ch provides a vacuum sour ¢e for evacuatin

R T A I N T —

t th f te b rovided by a
~V.&§ ersﬁrlmlarth e rof bRt oYY GSL 3ar21 5p Riaghythe flow verifcr dovice

connected plunmbing volunmes fromthe output of the
398r Therefozs, iMEGMPoBent 2 fhe plumibily hedtwedn ah ges béx £09a-109d and the
devi ce 300. Therefore, it is inportant that the

v b fig: d2e1cecs0, 8acBI1 %8 SvileX eddOg:s 1R @A 0bh %nfl liOWow verifier
verifier deV| ce 300 as well as wthin each gas box

&9{3@3%2?%]\2 @r?e Jgﬁ\rll\iél%igr%f BH% eed%}é[l{r{ eﬁl ze Rl%}lt of tﬁ%{ﬁl{)w verifier
. er|f| r devi Wlthlnthet00|
Bhish B0 Kb HEpdtriin cBowThgnout v tovhesbereseneach gas box
as box 109a-109d and the flow verifier device 300,
@Paﬁﬁgd gt thenflele yerifercdayisle 39, aldaver for natdcouratsheiums detgrmination
the flow verifier device 300 to performgas flow rate

wieas usiegetht sflowuvédfivr Msvice B0 ol Yoitdrig ISt MR Nra@R Gheasurements.
gas box 109a-109d and the flow verifier device 300, as

Pithbrnftste Wh l(ib'hﬁnﬁlﬁ tlw%\éh V8 %dsetfoxd R9:590d %Bfi thé ﬂow{v verifier device

configured to acc ate anti ci pate gas

TN T —

an |IIustrat| on show ng a schermtl c of the flow

apleipated pagyldew saessigbe mepswied anditheclesivid gas dlos ridndismement timing
of the present invention. The flow verifier device 300
charettedgiesan i nput mani fold 501 to which an out put of

each isol ation val ve 403a-403d is

[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
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- ——--—
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connected. The input manifold 501 is connected to a
first chanber 511 through an isolation valve 503 and

wa@roosopastve | i ne 507. The input manifold 501 i s BEBUS2006/009746

connected to a second chantiér 513 through an isol ation
first, chanber 511

val ve. 505 and .an i nput, |ine 509. The -
St RBeE o 5 CaptBit she rcRaEa 781V PR Weieh minchEpamected to a
513 is _connected to an output line 517. The out put
dischergs imesrtSt Rethf disehargeninas $395md 546 aronmenscted thdhapump 405, as
di scharge valve 535, _which J s in turn connected to
previowsiysdibausgselwith) zs3fdct & Figluerd.y, - t he- out put |ine 517
of thesecond chanber 513 is connected to a discharge
kR HSyil r J t L, schar

O L ooy SEHLy a0V M BERhEC s’ ByCoffig IRl 0 connccted

nnect ed .t o .t he .pu 405 s preyiously discussed
ERTRE P g Bl % Sty SHhand s guiailie o1 7 of the sccond
gevice 300 further includes a first bridge |line 519
chynbactldd The fiyw dridge dine 91 $ it sappratedsiiem dhe pupuf linast515 and 517 by
chanber 511 and the output line 517 of the second

velvesD2F arkll R23, Tévpedtivebt Abfifstip@sdurdgiebsb@erhént S6Pis 328 connected to
fromthe output lines 515 and 517 by val ves 521 and

tie2fBst brickeakkisyel y. A first pressure nmeasurenent device
525 is connected to the first bridge |ine 519. [0027]

' si.m.lar to.the.first [ |ine 519, .the
(277 R e M Bl St Fidaeles 1y, GE B biteageyisa 09 inchudes
527 conpect ed between the output |ine 515 of the first
2 SReARdehrides g 32 71 qeanesigd brtweeth thesntpub ling 1id S s b first chamber 511
chanber 513. The second bridge Iine 527 is separated
an¢ theoukmit ine HLT of thaescond Shambler$13. Blye scabnkisridpRind3d7 is separated
531, respectively. A second pressure neasurenent

SRS o ) 1 B DR AR AT A
e afaf ol 385k Honitied B b AT 527 2na he

IPER] Bhe (ARG Vreiaet enich: Wi quicsdhines tor dhdeda flssier 541 for

measuring a tenperature within each of the first

melgtthog 1 tlewatdd titrepereimondh 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,
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—
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chanber 513. In one enbodinent, the flow verifier
device 300 is connected to a control system 547 that

wo soodedsmed to control actuati on of each val veP€TUsivee6/009746

flow verifier device 300, déntrol the heater 541, and
rovide for data acquisition fromthe, tenperature and
ﬁgffbé’éls‘fﬁ?ﬂé e il walvwae Zogelned 8y gppnosignatgly ongz ter within the first
O£r10029] Internal to each of the first chanber 511 and
haberetldndnd hertinge vBlldng is dafifddr astappoiximetehnid Bteserithid the second
vol unme, respectively. In one enbodinent, the second

chamberes13s Idsfouliebe bprdcificd g in bhRR chib8HBichtd e Hi® dPYhe second
at | easts factor often-For exanple, in on&enbodi ment

' [ S [ QX I ifer..
ol BPhe Q) J4mb Rat 86 1AE Mo RB AR, oGt beHatio of the
defi,ned as, appr oxi el 10, liters.Wthin the second
sestdmanugs 55 B B8} FBhEnel ong b, 66 Shihed Fibh thet @Y rates can be
enbodi nents the ratio of the second volune to the
appuratelyippasteedcayier b antécipatecheperginggrnge eff gasHiow tates. and within time
However, the ratio of the second volune to the first
condtraivs sdisblisHedfor dsd @blfiowhatt metstirehitats, gas flow rates
can be accurately neasured over an anti ci pated

[005V] 3L i RE Rt Q%Zscfzfc#n‘i’d"’pfﬁgéﬁé a}rggbg?f%{eﬁf tﬂe\'}ﬂ:g@% is defined to

constralnts establis or -t ow rate

nmeasurenents. [0030] hi .on odi nent, the second.
rFPREE, F difsiie, Foe oBlyEarE e ekt Bt e giiman pressure
a pressure at |east one hundred times greater than the
e ARImbY e Bist prosuue meapirenesny devige ﬁii-gn ope embodiment, the first and
nmeasur enent devi ce 525. hi one enbodi nent, the first
seqvaidSgressuck preassementndevioss e¥PS/R330a¢ i iegderbdfiéd 38 aafist and second
i npl enented as a first and second manoneter, wherein
rhdh@ndeter i ' | ki
e O ORe R can e TEASMLIE pRSAESL B 1 torrand
L Ng. br ur.es te 100 torr. It should
o SP00 M S e DRt amrmetineh APl e 1t should e
pressure neasurabl e by the second pressure neasurenent
apgrigiedghat i ptheree gts (thes makimun presswa ravasurablenis the second
t he maxi mum pressure neasurable by the first pressure
presawar massntentiay | derics2533 ldemebeemord loe 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
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
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maxi mum measur abl e pressures of the first and second
pressure neasurenent devices 525/533 shoul d be

wesdoalbisshed such that gas flow rates can be apCTIUS1086/§09746

nmeasured over an antici patd8l operating range of gas
flowrates and within tine constraints _established for
PN ECF s lio LRy 1ot ASioP GHRSVER tedhyiiep ings eate dofined to provide a
enbodi ments, nore than two bridge |ines can be

naesp iefned phsswie aneashsnt wepabilitienstenofof tdverdll psksure range and
chanber 511 and the output |ine 517 of the second

sedsdtindint 513, wherein each bridge |ine includes a

respective pressure neasurenent device. It should be

[60%2] 8% | GHeCBmBoBinehi) _th€ mgjcgéﬁﬂe%t—%w Gh§ hBulb Chamber 513 are

Uhridge I'ines are_"i nplenen e -pressure

surenment devices .assqci at wi.th the bridge lines )
RS SHER nele BRGBR o et i Torthicamiotiment provides
measurenment capability in terns of overall pressure
for-gagd thermak wridgraity; wighin tlrodpinbeis wiren heated dinnthistembiodément each of
first chanber 511 and the second chanber 513 are
threaiist chethber tndfheaesoldi diambers 13U dbliggiko HelsBaled b?; a respective cover
alum numin this enbodi nent provides for good therma

bl oMUY o\ﬁﬁrérﬁb%b‘i@@oxféﬁamitﬁxgﬁggl Jﬁﬁﬁ%@ deéﬂég{gg%%ﬂ 1/513 to be

enbodi nent each of the first er a

. is defined.tq,be sealed by a respectiye
ofe SRy, b A8 Ry A1sdd e depgbes diPolte e and sceond
first and_second chanbers 511/513 to be nore easily
clamiare eHl/aktican kesssaled toygh useofi avgngresscappasadansvelding. A leak rate
the first and second chanbers 511/513 can be seal ed
intteducagh bystheofiseo-of | ovjag awalsppas &d haowstedi fog. inAteealis flow rate
rate introduced by the use of o-ring seals can be

NRESVENERS pbFSrdd (i BRSIIW QWifid! foyiTRaN %'Eﬁérﬁ ti i
perf or rredpusi ng thsgﬁgﬂ oW ver i filer gevi ce 300. hi ‘o embodiments,

I ' ' f i d h .
B AFLIR) W TRRIPS 0e14 05 4 sl B0 BSRAR SRS, uminum,
.Stainless steel. Additionally, in

e B S 5T e Ohah s ot o
m?grsI cg%%e%?i?izgde. ueitzed.

[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 sccm
refers to standard cubic centimeter(s) per minute. More specifically, the flow verifier
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 secoﬂd 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. Tt .




[0033] The two chanbers 511/513 and two pressure

nmeasur enent devi ces 525/533 provide the flow verifier
wWa@lenwic0295200 Wi th the capability to neasure gasPET/082006/009746

rates accurately and repeatiably over a w de range of

I ates, e.4g., 0.5 seem 5000 seem wherein seem
speftd b BPertiint e solpfionc e tenisrior pBymopeid stlnion. of the pressure
More specifically, the flow verifier device 300
measyicasst deyicede beaseddurorg the meesurerhentfis affardedbyitie, various isolation
i.e., first chanber 511, the second volune, i.e., the

vabes 503,088, 531,3290indB31 hniﬁ!ﬁfnefnitéd&biﬂﬁﬁ@hesﬁ&f? Rerifier device 300.
vol unes as a test volune within which the gas flow

038 IHERSY & ' 0 fnﬁ? ditional l
i oﬁv verifier ge\(/"%)%%éug%)%gpﬂ%%lg déas opégef’ée %foﬁlﬁe‘%‘%e 506, acourate
5 gi tlr}er the first or second pressure neasurenent )
T 8. 8%y %%“é TG MeASUReIeRLS S Bagd HPRY) Mk apFepriate selection of test
aw. xat e- nmeasurenent. tshould be appreciated that
Ve B fnd) Rrespure Hecaswsmeniofieiies. Setecien of theoapmépridie test volume and
pressure neasurement device to be used during the
presais mesmswemiest dévicerfoedselyt af divervgusi fwe ratd Aleadur&tfent is based on the
val ves 503, 505, 521, 523, 529, and 531 inpl enented
aidiPated LR bl IMeUs el thlsufla 4 ] Law:af.
p ? eB el th&dsuftd %gef?% g}\%)ec{eg.q 0 ;gleeséill%\gls% in the test

the contigurable nature of t veritier

.esol ution of s flow rate neasurenents,
B, BEGH oo e 8% B "2Eranty 5k nete HaRDF o tion of the
and pressure neasurenent device. Selection of the
10 aawapﬁﬁﬁ itest aolugg angorgyrreamensyranient devipes A5k sesmetnt 5 scom, 5 scom to
device for use in a given gas flow rate neasurenent is
SBaseu, Phsachetafl siomated] 50@scchl w6008t ecioltbhoiie asWppttciated that
and the expected rate of pressure rise in the test

theBduiBary values 8 f S4BAQHHARB tfourf A4 Flo8ARte ﬂaﬁ%% La?% gpr;{rg{lgﬁ?e to within =

are defined to enabl e sel ection of the

st - a res asur enent device: 0.5 seem . .
12" A Ry el Bl all B BT ard 3 pB oo it an
seem It should be appreciated that

500 seemto 5008 ) t
OYH: P&%@HH&W ggatowdaigrangesreiber ok dwe ouerlapping gagWlow rate ranges
rate ranges are approximate to within 10%
15 coxyer vsedrialselpst thh éast woluaetand itepressugramedsucamena evite Tadle 1 below
neasured falls within an overlap of any two gas fl ow
shcﬁﬁﬁt}reategte%luﬁiet aer paksurb endd@reRépl USRS RY teaR1dctddMbased on the
rate ranges

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.
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can be used to select the test volunme and the pressure
nmeasur enent device. Table 1 bel ow shows the test

wo edoaoeosacd pressure measurenent device to be Bel/es10e€009746

based on the anticipated gd% flow rate range, in

L th ' t t he present .
ven e Lo PR AR Yo e nrestunk Mehsementaevi

andA",Jt@;Igﬁgd Gas the[test volume refer tofthe i 'Iprtessure

ChaﬁRWR?@e}RﬁiE second chéﬁeb)tth: nﬁnr?i?eft uq%!g%q}em PDevice

et

Forier wtih respect—to—Ttable t+he—tet
o el oo S aoe o L Ve e atBilbnent dev ce ref ersmel

A

t hed FSOPLI0 066 r o hrasur erel®edevi ce 525 and secoml

nr 22 sqeppiopo9saerament devi ce §84d] respectjvely. Tablagel.

SE0@saciio 5900 Fesn VI une andlagseessur e Measur enentigoe

Devi ce [0035] During the gas flow rate nmeasurenent
using the flow verifier device 300, a ti rrerdand t he
nt device is used.to, ., ,
O e e the Y Ay PR BBl G o Shifedgice 30, o tmer
it ly, the tenperature within the tes '

a’%ﬂ%@@@%&éﬁ%ﬁ%ﬁ%ﬁ E}%‘irlrg?gls Eged{q Bsaspre the rate of pressure rise

presented above, the nmeasured gas flowrate is
withinethgitess yolunkee Adshitiomelly,othb ¢erusseatuienwBjuathé @3t Yolufe is measured.

defined as the entire volunme that is in fluid

Themymsing Eafubtich U@wpedserdadbdveMht headittd #ﬁs Abw e iMi&ermined. The
that is being verified. Once the gas fllowrate is

r g I 10 I n: 1 0 ted.gas [flow.rate. .
VORELD D RIDRIRE I el ol %eeaéﬁ??dV?lggﬁ thaf s in fluid
f the flow verifier device 300, if any. fromthe
cofmbFaipr davissn, ra 0 sl of the JMEC hasdabrmstverifing. Once the
| eak rate of the flow verifier device 300 can be
S5y Mte dndugrmipedsesing §quatioatle aghbrrpeted gew Howirste cah bbidetermined
an evacuated chanber due to gas |eakage fromthe test
by stbiraeting at meaduraivieakriafd of fitenbheyetRr dEVRB. 3085HiNgny, from the
Equation 1 above, the neasured | eak rgte i's L
' e volunme to be used in Equation en
mg%?gdﬁaﬁggg%ﬁé | eak rate of the flow verifier device

[069@] ]'_nson%ee];rllb% {jmean \ ’&19 ?eaiéorlatlé%?ﬂgg ﬂ(gwh %egﬁgrc eﬁce 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
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 MEC being tested to determine if

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

operating within its specified tolerance, an evaluation can be performed to determine if an
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chanber into which gas is |eaking fromthe test vol une
of the flow verifier device 300. [0037] The gas fl ow

wo anoe/0psacur ed by the flow verifier device 300PCEHNSINO6/009746

conpared to the correspondilfig gas setpoint on a

calibration curvye for the MFC being tested

apatopFiAie Fau velenh dowrate;adiuspasnh factey 1nppmicable: i lse yipeef a effset factor,
gas flowrate tolerance. If the MFC is not operating

oniif the MFC sesipdebé repthced| er ance, an eval uation can be
performed to determine if anappropriate equival ent

[0038Y Dt ladioh e flae Rf@ﬁﬁéﬁie@fb@b'og afb ﬁeatbr §41 id %@ecptfo maintain
an offset factor, or if the I\/FC needs to be rep aced

0
SRS RS TR" s 5 SHpLFRL IR Bt and ssond
above anbient, and uniformtenperature wthin
bl 31/ TA el pvate L ameIe snablossfioyy e meanemsof gases that

tenperature enables flow rate neasurenents of gases

cohdense ehhberes denaperdtomeer ComtepsatmninfegsesClombstrean ifiom tife MFC outlet
gases downstream fromthe MFC outl et can introduce

cah lftrodude tei@r dR%hd loBWVIIoM Ritd BREHAENBI bR URBuME loddldied by the
occupi ed by the condensed gas is not accounted for in

kgg séf Ga Eaﬁv Fﬁl Wa&mg@g 6" inCfhe FAAY] ellpsg%ﬂge\f f?f E%uatlon 1 above.

Itro condense gases can a

ssure neasurenents perf ing the pressure
Addidonelive ondrasnd; eeses shsadyersely, ¢les! dpeslr Hessfpaens performed
into each of the first and second chanbers 511/513 can
usingdbe prasaie mecasurementndevipgs S28/03ankuathgrmersy gasankety iatqyeach of the
surface area of contact between the gas stream and
fiistiodrdcbevald chaafbet$l 19313 ¢anl it desighbdi$o slohvethg @as k¢t and provide a
can be designed to pre-heat the gas prior to entering

Iﬁlgg shftade %) $PRohEoObARE rf ﬂle 's‘ft’re%x?nagﬁm{édoﬁaﬁbo ?he gas inlets.

ntlng into the test vo 003 e configurable
t conf ratlon of t er. devi

S ees s fanbe ‘#e%nnegfﬁere ¢al b Bfied Greafifin e tost volume in

during gas fI ow rate neasurenents, artl cul ar at the

arénde aenid condeagationgmen veRwg iBtodhe kasheolwsei dent i fied in

Table 1. The configurable test configuration of the

[0039¥ Therdohfigurabletest eodhratimoofithe flowaesifiandeviad 800 mbvides for use
time required to perform gas

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
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.
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flow rate neasurenents, particularly at the higher end
of each gas flow rate range as identified in Table 1.

waeooesesrbodi nent, the flow verifier device 3POI/US2006/009746

enabl es accurate gas flow nate neasurenents to be

formed for each gas flow rate range as identified
(Bior s areyiqpshynmgntionefnheplow owriéige drirn d0p reom beoermegied to the
seconds to about 60 seconds, while utilizing at |east
cootplofysteneS i &g acombigaticnf oft digitd @hé ahaldg poretrs deeices, the control
measur enent devi ce. [ 0040] As previously nentioned, the

shysteny 545 fulnc@énstigVdoaeroBBFersidch BEEONRR GeAfed &Wide300 in accordance
control system 547. Using a conbination of digital and

l: i , n m,.-547 .
FRRLRR RLAREE iy 5 e AonBEP bR ST IR g pgpeie date, e,
devi ce, 300 in accordance with user specified inputs, )
PRFSWS, (TR e s AgRipier Tt the oW verifiepviee 300 for analysis
data, e.g., pressure, tenperature, valve states,

and spyeseatadignviot i uskie Inl @w embodiinent, degrapbic8D@sdromterface (GUI) for
anal ysis and presentation to a user. In one

cefipoitihgend floor Gdriffhi dedice BDOrisirbhiddidd@ 6 a( @hlhy o8ra computer system
controlling the flow verifier device 300 is rendereap

a9l with R @Bb@?&% ?%{Thl%g@%i;g: c%éié&? %)oa%%&n%tugert\bﬁh a number

i

tool platforml resent a

ser. with a nunber,.of, optigns for figuring the flow
o SPfipiutor sBofeiTe0hS o yrreice dsviar i i iscoreaqdigg, the GUT can
provi de an option for automated configuration of the
Provade %thfqnegr aetometed oufiguatian efifbe flawparifiecdévace HWbased upon a
flowrate calibration test to be perforned. For
perznfal gas tflomoregh chliteaticetesi ot B¢ paferniydo Forledaryle! theough the user
@QUI, the user can specify that a multiple point gas

s RbliaRd BY tREGULHE dsP BarP ﬁfecf‘f? R ﬁ%ﬂﬁﬁlﬁmﬁgs calibration be

within the gas box of a particulaf process

PO w1 PaBLEBes ot

tested for each gas stick. It should be appreciated
Addgionglly, Hrenier (i by pranied pathappians 05 swerifyieg avmarimum and
either the flow verifier device 300 or operation
nihimwofflosarastd® py ested tfedeaal gas stske Itcshinfiddrer gipkeridtédethat any other
in the QU . [0041] The conputer system associated with
cbRBgrsKlb pataaidiét sdsted MtALBRr RRe YWRKAvéPier device 300 or operation
thereof can be presented as a user-configurable item in the GUL

[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
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 .




performthe mat hematical cal cul ati ons associated with
each gas flow rate neasurenent perforned by the flow
W e0ocfpesre devi ce 300. For exanpl e, the conput ePCEHYS10861009746
can be defined to use dataz2tcquired fromthe fl ow
verifi device 300 to calculate the gas fl ow rate,
fE%ﬁt‘é’chg{IEeﬁsﬂ@a (LaReT3ittees AN SPeCificy 8 PIoRettiss. r Eher eper system and
flowrate, and conpare the corrected gas flowrate to
QHCcanabe bsedt toachive gadd§owHatet dadibrabior reduiite. Tlosmprehived gas flow rate
system can be defined to correcj_g_as _flow_rate
cakfrationl BB EANBE aAlyRid tOriaSRIy fimd SSRBAGH: WeRds @f‘éﬁ)cess module-
specific gas properties. The conputer system and I
depehdba: thgdl to archive gas flow rate calibration
results. The archived gas flow rate calibration
I ts _can be.anal yzed tao identify tinme-dependent
5 062N 5ief B 38 JOSTAIGE Facibpis olerin afdamepbodan operating the flow
Figure 6 is an illustration showng a flowchart of a
veigHerodeviesr 3@fh dn aaceergandeewith owevembddiraentoefthe epré@at irivention. The
accordance with one enbodi nent of the present
methegiirichnles Bneopezationd 60 N b ddmtiBfing® Refadddt Oas S f1le range to be
identifying a target gas flow rate range to be
€ E ' d | ect
AL o o RRE B el Db e BREL UG b GG or @ haee
rate.

t yol ume for asur.d ng the s flo An . .
vhSie 467 B3¢ B B YRS P resirind Beozasdtut f6 At gperation 605 is also
| gwer pressure neasurenent device or a higher pressure
10 perteraedetoe prlecd csithek af lowen puesqunie mgasutrmeyd sleficoverr aithigher pressure
nmeasur enent. Sel ection of the test volume and pressure

meessementaiwicdefor ase i theagas fhey 648 nedacireMant. SclRaS&of the test
on the target gas flow rate range to be neasured. In

vOIRFh el QléTRR I medshi@nidH @&'i&eniﬁg)géﬁﬁo%soééfaﬂﬁogta@ltbﬁsee%i’ on the target

as previously discussed, can used to selec

h [essure asurenment device faor .
o0y KR MR 00 TR R R PR B B Tabe 1
oper ati on d607 for evacuating the test volune. In a
g peEeehtdigyeiedt (9R Bogised he selest ths task Vodumag puledhe pressure
to the gas flowrate to be neasured.
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 volume 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 -
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An operation 611 is then perforned to neasure a

pressure rate of rise within the test volune. In one
weniweapsseat, t he pressure rate of rise nmeasur ePENUSIN06/009746

operation 611 is perforned2nithin a tine period

extendi ng from about 5 seconds to about 60 seconds.
iS\@m\tidQﬂwglrl determining dhegho How1Rtd Htpdhe tashwdlums weieg tireemeasured

a tenperature within the test volune. In one

peessm@i rardf, rise had ttenpeamidvithial thBitedt bkRnteg ad preolously distilssed with
surroundi ng structure is maintained to be higher than

;A tenperature of the gas to which the
ek gl

ne 1si exposed. Upon conpl etiatLoLoperations

nd 613 n- o atign .615i.s provided for. . .
(it trons pisbeREgR e st are tifes Bahidéiapefligns fdsolating the test
using the neasured pressure rate of rise and )
fraputhe gostilovw rate éo be speagyrd mad naeasying f gas lepk rate associated
di scussed wth respect to Equation 1. [0044] In one
veltib il teenvolutriee Tived,hihe guarfldwi rith aeletdrmédeddia thpepatationv15 can be
for isolating the test volune fromthe gas flow rate

doBtef8d IRARHIR G0 nfBASHI bdedk @RS | eak rate
associated wth the test volunme. Then, the gas flow

etermned LN the.operati 615 c orrecte
D] FESHIRETh BV i R ERP B R Bhn 01 PR BEHE R Ellety known,
Because the two flow verifier device 300 vol unmes
the floms yanifierr devage dPQtcan ook wwdnto peréorm apalibratipp eself-check of each
devi ce 300 can be used to performa calibration
medstrec headurahersaddviqer §25/68%2 Rea swareplentthal dargere volume 513 can be
525/ 533. For exanple, the larger volunme 513 can be

ﬁ?és%ﬁﬁi&li #ed tRwa fiﬂé@éﬂi’e RIHEIe StHE %n‘(dﬂ! VSlutkes 9gy éva\éﬁétb’d!‘?rhen, the
511 is evacuated. Then, the isolation between the

| | 15 val 0 ed s
i PR3 e B TR e SR orBHET kMt pressure between
al lowed to equalibriate. In this process, the pressure

th 48P cnemalb pPlgese s splinyeedc h B TERE. { this GRcERetie prossure
each other to determne if they are still adequately
edsinerenedevi¢e® 326]53Bdun thiearsed ko crobecliagk eacthethet tondetermine if they
verifier device 300 volunes (511/513) are |arge

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
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., PyV1=P, V..
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relative to the external interconnecting tubing volune
bet ween the gas box 109a-109d and the flow verifier

waleawsn®s300, the flow verifier device 300 can PET/uSmd6/009746

to verify the external intéeconnecting tubing volune.

a e, either or both of the flow verifier, .
AT shmbs volimosernd Ve grrgue pleasuERPBialpvicss gives the flow
known pressure while the external volume is evacuated.
ver&at deyice X! the poitibbietwsebngastovprasessageurately dridowpeatably over a very
verifier device 300 volune and the external volune can

lbvge @peflod: mtechngd)alg. pO.6 $8tth o 1590@Ist@METhd vo chamber volumes of the
equalibriate. Since the pressurized flow verifier

ARy L &5e Uevike BB Grd c%t%ﬁ%& Qg tl‘falﬂ \‘é;%%h{%‘?‘%iffg)gvnf’ab?égceﬁf-b%on point over

pressures are known, 4he externa

etermned. 4, e.,. P1V1 P2V2.[0047]. Use.of two, chanber
(5L Raio £l e Sa PETisaER Blfe By P! G gHana fam about
flow verifier device 300 the ability to verify gas
seeapgls fnployt §8 seponde | Additienatlsmsaa sered devise in thestogl platfere 100, the
gas flow rate range, e.g., 0.5 seemto 5000 seem The
flomovertfarievice 6D iesotaizet seasifil e Whusrdebigaingdy flo® d0iier device 300
are established such that each gas flowrate

t6 Mxthei 228 RV fhte MERRurdhéhnt STkiviBLyIAShduk ?é’éaf&"‘{oe?&@ NRfifier device

can be neasured within a tinme period extendi ng from

bout, 80 _secands. .Adgj.t.i onal | S .
03 rer R GEOR Ao e B RRPET G080 RS Syl B messuring
verifier device 300 is _not size sensitive. Thus, )
&g QPﬁﬁﬁtﬁ@ oygidhs eniiie gas flow sxte grngp daurthgomers, thetiom wegifigadevice 300
flow rate neasurenent flexibility without regard to
i§ Hlepigned to be eleaniablé awl BOQeable &he eddanatilitywfshaflbevwerifieedevice 300
single flow verifier device 300 to be suitable for

ipatlalgu@ts wHe\thdadlr@f POV Fatdd 6 t8RAk] doRro8RE, drl BNIERERe gases.
range. Furthernore, the flow verifier device 300 is

i 1. | I The. .
5 50 R 2305 R0 RSBl T Y gvice 30, e o
\pa ti uI.ar$ usef ul en nmeasuring flow rates of )
FRRecdevissy 7 Uksis\ase eapabls fdpeasping Bressre rgspousss iy characterize MFC
addition to the aforenmenti oned features of the flow
trppsipti fow ¢eets.cMBODSPecisally, oar uegiveni gas fthev,i the pBBOure sneasurement
al so capabl e of neasuring pressure responses to
devia¢ antl eestz olMn€ danabis iseleéted linW efanf&t that MRSvedes information about

specifically, for a given gas flow, the pressure
tRARASM MFEYirn-on overshoots and undershoots relative to the gas flow setpoint of the
MEFC. 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
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.



devi ce and test volune can be selected in a manner

that provides information about transient M-C turn-on
wor@esheoé s and under shoots rel ative to the gaBCT/USW06/009746

setpoint of the MFC. FurtheéBnore, a gas can be run

..the flow verifier deyjce 300 in purge node o
IW‘{%? w#%ﬁgﬁ Bentignehas peerpdescbsd nderans afispeigenphodisents it will be
changes in a given volune. The pressure changes can be
appiecietedt dt those Iskilledsis the ot fipon raddinty fhei prgceding specifications and
differences in MFCs. Transient information of this

studpingl $hbeRHANRY WwillC ezt NGArious RIRrAtRdHs, fadlitlohe bahfSitions and
sem conduct or technol ogy process control, which

B0 L OSSN LSl ALARIL g s
BB e PRk L2 o RSS L and sope

readi ng the preceding specifications and studying the
ofithevinyeiioni | | realize various alterations, additions,
permut ati ons and equi val ents thereof. Therefore, it is
i nt enderthatcldied present invention includes all such
alterations, additions, pernutations, and equival ents
as fall within the true spirit and scope of the
invention. What is clainmed is: CLAIMS 1. A gas flow
rate verification apparatus, conprising: a first

vol unme defined within a first chanber; a second vol une
defined within a second chanber, the second vol une
being larger than the first volunme; a first pressure
nmeasur enent devi ce configured to be connected in fluid
conmuni cation with either the first volume, the second
vol ume, or both the first and second volunes; and a
second pressure neasurenent device configured to be
connected in fluid



10

15

20

communi cation with either the first volune, the second
vol une, or both the first and second vol unes, the

WG ewo/0995p6 essur e nmeasur enent devi ce capabl e of PCT/US2006/009746

nmeasuri ng hi gher pressures2than the first pressure

measur enent devi ce, wherein Eiiﬁkﬁi the first vol une,

the second vol une, or both t t and second

volunes is selectable as a test volume for neasuring a

gas fil ow rabge adeLeL 86368809 essure

measur enment %develMge or tﬁ% sléc%p gsfecgééhm%masurerrent

devi ce. | e bl.e a pressure within

t he tae@??\’f% ﬁée I?d“f‘ﬁ?énggle%rcﬁ E of claim 1, wherein

each of the first volune and the second volune is _
connécteeend yplumg dgfipeshyrithin eeserend diamben thpsecerdivelome deing larger
which the gas flowrate is to be neasured, each of the

tharr the fivdlvahemeand second vol une bei ng i ndependent |y

i solatabl e fromthe gas source. 3. The apparatus of

clai i Firstf Wrddb@e GRARIESERD dBviBE aé&fﬁgqf‘eﬁ' R&dpd O onﬁected in fluid

mai ntain an el evat ed tenperature wt each of

SR B SR, A0 B REREL o e it

wi t hi n_each of the first volunme and second vol une. 4.
see@dyopHnes: 88d of claim 1, further conprising: an input

mani fol d configured to receive a gas supply from each

of a aplsenvalli prgswfe gasassement slgvich ecanfigutednamibicobshnected in fluid
bei ng further configured to direct the received gas

cOhRRInYcation twigh %ﬁh&cﬂl@dﬁﬂsﬁ%luﬁﬁ lﬂﬁ@?sec'éndmﬁuﬁ@p@r%ﬂ%sthe first and
of claim1, further corrpr|S| ng: a first bridge |ine

SUEPlinEhup s S AE g el ket lfls b A SpRBE B g higher

and a second_val ve, mhereln the first pressure
pressures than the first pressure measurement device,

wherein each of the first volume, the second volume, or both the first and second
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
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:
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measur enent device i s disposed between the first val ve
and the second val ue; and a second bridge |ine defined
wo eoosovasect the first volunme to the second vol POEUS100€009746
second bridge line including a third valve and a
fourth val ve, wherein the ?econd pressur e, neasur enent
devi ehealsT dpidprsde aaiRpiRaE:FleRted Amperatsg vithineack péthe first volume
fourth value. 6. The apparatus of claim1, further
andseeond ivalymea afid r st di scharge |ine connecting the
first volume to a punp, the first discharge |ine

i ncl udeMgeniré kivhsiléBeiaedRe badab® éOmbRatiad 8 dhferdthfeShithin each
vol une fromthe punp; and a second di scharge |ine

gﬁﬂﬁ% ' ume to the punp, the second

qgisc a?%gg?%ﬁgdgﬁﬁﬁgg?%gka second di scharge valve to

i sol ate the second volunme fromthe punp.7. The

apparatus of claiml 5 wherein the second volune is at

| east ten times larger than the first volume and the

secorfd pr ddwepparpwa ofieleive bt furthel eenririsingapabl e of

measuring pressures at |east one hundred tines |arger

t han ahfigpitinisifont ssigueed e acudtveribmik stfly €@m éch bife plurality of gas
apparatus of claim1, further conprising: a contro

AR LA A AR KHIoP IR A el B} el Ehfipply 1o the
configuration for nmeasurenent of the gas flow rate,
f?ﬁgb?g§{w€3WFiguration bei ng defined by a sel ected

test volunme and a sel ected pressure neasurenent

device, the test configuration for a gas flowrate

within a range extending fromabout 0.5 standard cubic

cent isret erlhs)appaatugoficiaen ( skethr dompmidig: 5 seem bei ng
defined by the first volune and the first pressure

neas Y {oEiided ek G findd® dofBdct BRIVAGHIALL %‘bthfe t%é%cﬁ&d%ﬁlme, the first

flowrate wthin a range extendi ng from abou

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

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:

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

pup.
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seemto about 50 seem being defined by the second
volunme and the first pressure neasurenent device, the

WO e®b/028md | guration for a gas flow rate w thi nPEI/USI0gE009746

extendi ng from about 50 seemto about 500 seem bei ng

defined by the first volune and the second pressure

nmeasur enent device, and the test configuration for a

gas flowrate within a range extendi ng from about 500

seem? o alidetappetissdaiaitnel ,nghateihi the dedopd tvobunse tsoatdeast ten times
vol une and the second pressure neasurenent device.9. A

1528t fidh B Wirétevoli@e anB tBé fsedomt fREsseRMeANEMd® device is capable of
processing, conprising: a plurality of wafer

: I o . | .
AESEREAR IS BECAIENL Gpld BAE 81YE Ut PO s
of, the plurality of wafer processing nodules is

ds¥isBciated with a respective one of the plurality of

gas supply control systens; and a gas flow rate

verification device disposed in a central |ocation

relative to the plurality of wafer processing nodul es,

the gas f|Thy appiretuy of tlking af fuethed@wimRimdef i ned to be
sel ectively connected in fluid comunication with each

of the i r, S :

oner 3 P Y, Phogse o UORAKP Rk IRLBERATSS e s ow e
defined to nmeasure a s fJow.rate supplied, by,_the S
St PR S SorgeltioR G SERrergine AL s s I rate, the
verification device is selectively connected. 10. The

test neqndiiguxation t kaing slsfingsd Ay arselactnd tashivebwaru@pdra selected pressure

processing as recited in claim9, further conprising:
rmecasmepighiedevioest em defi ned to manage data acqui sition
fromthe gas flow rate verification device and contro

the QRS tdst EMARIRINEDE b Iga@tlbRTafeW Itk a fABe SRRPMKE From about 0.5

system

standard cubic centimeter(s) per minute (sccm) to about 5 scem 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
sccm 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

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.
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further defined to render a graphical user interface
for nmonitoring and controlling the gas flow rate

wae etocfdsad | on device. 11. The central cl uster PODUS2006/009746

pl atform for sem conductor 2processing as recited in

claim9, wherein the gas flowrate verification device

i s dé& i ned\ cantrabelngier toplplatfornefk seraicendieéar precesting, sgmprising:
the gas flow rate.12. The central cluster tool

pl at fagylwrafigrofSeiftrgRoctysih® mopules ascsidiifle dnt £cértabloction,;
claim9, wherein the gas flow rate verification device

is defj : i t.h -

ext ench S P St D sup ERpL B Sl e of TRy of water
m nut.e tqgﬁ out 5000t§¥an ard cubj.c centiqgtﬁés ﬁer £ 1
PROGTETRE Moglulep iy gse0R1ated Wity B¢ T8SPEERY Ot Sf By MRty of gas supply
sem conduct or processing as recited in claim?9,
ophiselsystemBeangas flow rate verification device is

defined to include, a first volune defined within a

firsta gdsafitverrateavesticatich devicerdisgedadniada weiithdl loeativaaelative to the
chanber, the second volune being larger than the first

P RIS vRaibl proteddipdaSdd1ss) @ﬂedgssl MR r4t0 veRAERBh deRe defined to be
first volume to the second volune, the first bridge

[ine includi a ki.r.st val v nd secon I .

splepGyey Fotiel MebuiiriomiRiGuliCufyraRt 28 158 Al ofges suopty
first valve and, the second value, a second bridge |ine
cquirphwatems, whersiscthegae floprtate estigation devigreis defipfrjto measure a gas
vol unme, the second bridge line including a third val ve
fhvdrate Supplied by dhevgas sapply aostealaysterte sehicle theegas dlosmetet verification
devi ce di sposed between the third valve and the fourth
déRlcE s seldRvaieomikcRiessur e measurenent devi ce capabl e

of measuring higher pressures than the first pressure

measur enent devi ce,

10.  The central cluster tool platform for semiconductor processing as recited in
claim 9, further comprising:

a computer system defined to manage data acquisition from the gas flow rate
verification device and control the gas flow rate verification device, the computer system
further defined to render a graphical user interface for monitoring and controlling the gas

flow rate verification device.

11.  The central cluster tool platform for semiconductor processing as recited in
claim 9, wherein the gas flow rate verification device is defined to correct for a leak rate

when measuring the gas flow rate.
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wherein either the first volune, the second vol une, or
both the first and second volunes is selectable as a

WO e®@b/0YBrame for nmeasuring a gas flow rate, WhBCBUR2006/009746

either the first pressure ngasurenent device or the

second pressure measurenment device is selectable for o
measurd ng Begeatal sluster topl natiorm fog semigonduatorprocerssiag as recited in
central cluster tool platformfor seni conductor

ghaimcy seliengin dise gascllave tate verficaition U8yicevivedefinad thvmeseropab flow rates
volume is at least ten tinmes larger than the first

Wiglitl FBrand® ex{Eh@ng Finm abo@! OIS ts@indardbubR 8drtidd®r R minute to about
sem conduct or processing as recited in claim13,

5‘066"sg]h&‘arh?ﬁbié%Sﬁﬂﬂeté’{sg)%ﬁﬂﬁrﬁu&‘eas“re”E”t device iIs

capabl e of "neasuring pressurées at |east one hundred

times larger than the first pressure nmeasurenent

device. 16. A nethod for operating a gas flowrate
verification device, conprising: identifying a target

gas flBow rEeeentplgdusterdbelqlatfoymafor esmiopolunter mbtdssing as recited in
the gas flow rate verification device, wherein the

cheted; tnddrdie e guo FlowaraieSreifitfivh RvisE® definell B cRide 2
| arge volume, the test volunme sel ection being based on

the LASHVdIhAE abAIARhiniRa dlidafilie Tange: selecting a

pressure neasurenent device AN’ the gas flow rate

verificatipn.devic wher.ei n the sel ected pressure .

moas dr Bt YD delthed Within g Segondoghamber, dag theand voltime being larger
measur enent device or a higher pressure neasurenent

thpa\the Srstvabimse| ect ed pressure measurenent devi ce being

based on the identified target gas flow rate range;

ev ac wdirsthigridgedink esfinadiowaanect Kedasinglime td éstseaodd wdBime, the first
to a gas flow rate to be neasured; neasuring a

HRIS SHE Brchidinfy £first VAFe Yd PéRohdGart &St vol une;
nmeasuring a tenperature wthin the test volune; and

det er nfrgtyrﬁ%s%eﬁr}lg%sﬁ%?rgglgg%vgéeﬁg%pgotsgd {)ehc\evegne &fe ﬁégtl val¥e and the second

usinﬁ {

=

value,

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, and

a second pressure measurement device disposed between the third valve and the
fourth value, the second pressure measurement device capable of measuring higher
pressures than the first pressure measurement device,

wherein either the first volume, the second volume, or both the first and second
volumes is selectable as a test volume for measuring a gas flow rate,

wherein either the first pressure measurement device or the second pressure

measurement device is selectable for measuring a pressure within the test volume.
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of rise and tenperature within the test volune. 17.
Thej met hod of claim 16, further conprising: maintaining

wa@aoeopesrat ure of the test vol une and struct ur BCT/US2006/009746

defining the test volunme t@%be greater than a
condensatiqQn tenperature of the gas tp which the test Lo
vol uméis F@?rﬁ%@ Clysger tqplpl rppog)r SPmicrRslystarrogisEing s recited in
measuring the pressure rate of rise within the test
wihgrepethe seqond velunid is ableast hen fpoed lorkoe sanis figt volume.

from about 5 seconds to about 60 seconds. 19. The
nmet hod of claim 16, further conprising: determning a
|l eak flow rate fromthe test volune; and using the
| eak {fs] owrAt et er.m - o1
o the tag Ry ABRa 360 AREERFOhBHIRRR frh @ b recited in

ereibn the.small volune and | ower pressure, )
BRG Fh onbiin B sesoR Dot msan R Bt gl creble of measuring
target gas flow rate range extending from about 0.5
Pé?sa%&?fg‘e%% pRehensied timesleyasy thea thenfinstipressusemagsurament device.
about 5 seem the large volune and | ower pressure
nmeasur enent devi ce being selected for the identified
target gas flow rate range extending from about 5 seem

to ahgut S0nRBRMfoL RratiRlal %aggltoggﬁtfe%ﬁﬁgét% evi%reefcb?gfrﬁing:

measur enent devi ce bei ng se or the identit

targe s flow rate.range extendi ng from about 50
seenﬁ%%lg%%%?%ggﬁgg%gﬁvr%ﬁémﬁgrge vol ume and hi gher

pressure measur enent device being selected for the _
i dentPlerting & desy ool withwihegas flown grte aserifipationgdeviegmwherein the
about 500 seemto about 5000 seem

selected test volume is either a small volume or a large volume, the test volume selection

being based on the identified target gas flow rate range;

selecting a pressure measurement device within the gas flow rate verification
device, wherein the selected pressure measurement device is either a lower pressure
measurement device or a higher pressure measurement device, the selected pressure
measurement device being based on the identified target gas flow rate range;

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; and

determining the gas flow rate into the test volume using the measured pressure rate

of rise and temperature within the test volume.

17. _ The method of claim 16, further comprising:
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maintaining a temperature of the test volume and structure defining the test volume
to be greater than a condensation temperature of the gas to which the test volume is

exposed.

18.  The method of claim 16, wherein measuring the pressure rate of rise within
the test volume is performed within a time period extending from about 5 seconds to about

60 seconds.

19.  The method of claim 16, further comprising:
determining a leak flow rate from the test volume; and

using the leak flow rate to correct the determined gas flow rate into the test volume.

20.  The method of claim 16, 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
higher pressure measurement device being selected for the identified target gas flow rate
range extending from about 50 sccm to about 500 scem, 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 sccm.



