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WD 2007/ 142850 PCT/ US2007/ 012348 GAS FLOW CONTROL BY
DI FFERENTI AL PRESSURE MEASUREMENTS BACKGROUND 5 In
wo be7figdssi cati on of electronic circuits and di spl/aysn7/012348
materials such as sem conductor, dielectric and
conductor materials, are deposited and patterned on a
substrate. Sone of these materials are deposited by
chem cal vapor deposition (CVD) or physical vapor
deposition (PVD) processes, and others may be forned
by GK$ FAlOWICONTROL BY¥DIFFERENTFIALS PRESSURE-MEASUREMENTS
For exanple, in chem cal vapor deposition lo
processes, a process gas is introduced into a chanber
and energi zed by heat or RF energy to deposit a film
on the substrate. I n phBACGKGBGROAND deposition, a
target is sputtered with process gas to deposit a
| ayer of target material onto the substrate. In
et chi ng Inptredebseationaof wiedtroniteeiravits land gligplaysi. materials such as
serrﬁ a#cmc?dsf' |te|e% rJ@ﬁdjc cortd tor atbA5I8ESre &rbdshSd aHaphaktéird on a

ace b portions of the substrate
subsuateadEorméef these m@eeﬁls@g% depesitaschy ehamifaliapeedeapsiton (CVD)

or p%gg CSF\FJ])%? d@zﬂo@\ﬁ‘oﬁ2 WIQ} Bode S QRA offits rﬁ'ﬁyaoe ﬂfrﬁﬁﬁ&ﬁ/ oxidation

singl e gas or a m xture, of

or g PO EHAISREIRT. [ GCEGUS, 0 SHEMAH e pe ARpositon

pro@és%%ar h pPddeRE ghk ¢ RiFrBEGcedinto 6 @hdbieednd l@nargimww heat or RF
process the substrate, to SR?WH cgte el ectr.

eneyI4RPaRIp BT HseubBlrate dntysierLY AP FGEReEPi g target s
spu@t@?&%ﬂﬁ pMé igas t@ aep@hnsa Iaybubbrasge/thna:tbnhlanrm thse substrate. In

etchHg p&rﬁ‘fﬁ%g§ a 8%%%&% \%%af Slc%)ﬁnﬂr Qéﬁgtogés(?{tﬁ?gﬁ?@ﬁ\dsﬂ is formed
on Mhawmwpmyéltmrapw a@nd pnmmwctbg substeate syrface that are
exp(%ls é%ebm%/ OheYRSsk RAAFEE gre é% g{i‘% I?a\?\rer}é%éé@ Broée|§§ g48Ss The

conprises 1 ndlvl as nozzl es
promgashmugie asipglecgas or amixtuie efiaasesr The qeﬁPé'EP" gag etching

proL:@és%Eana aH?ﬁuBﬂ&l'}ﬁarﬁ?&ﬁh@ﬁ pfd s 7 eURGLAtE®in a sequence to

phery e substrate. In yet anot her version, a
propew@puwSaata tﬁd?b"%?'ecgag'crﬂ?z’ﬂeé@ﬁﬂ WYyas
vertically into the chanber from around the per| mater
of the _substrate. In yet a fuhther version,

Gi st 11 b suEsHBte Rrogedsion SoRPheRr AR as RS ypich have
a pArality Bt bas ﬁ?iil@é tcfj |aﬁ6d|bcf3éep:$:ubs§ gas i tha@hhiowev.ein one version, the
conventil Qna as I Str t
oo R R S A e B B8 P Py or
noizlt& Slubotiasrarerdion, tlaax gapldatntwtgasorrjpmas nbww@ual gas nozzies which

pasfsI E'E?"lgz'lt gldgi{vgg 8&, r%%ip%}]ﬁ é%‘? JstiSR AR SitodhE icRafBer from

rom
around the periphery of the substrate. In yet another version, a plurality of individual

gas nozzles inject gas vertically into the chamber from around the perimeter of the
substrate. In yet a further version, the gas distributor comprises a showerhead having

an array of gas outlets that face the substrate.

However, conventional gas distributors often fail to provide a uniform gas
flow distribution across the surface of the substrate. For example, a gas distributor
comprising different gas nozzles often pass different flow rates of gas from different
nozzles when, for example, the dimensions of the gas nozzles vary from one nozzle to
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nozzl es when, for exanple, the dinensions of the gas
nozzl es vary fromone nozzle to 1 WO 2007/ 142850

w807/ 012348 anot her. As anot her exanpl geT/852007/012348
shower head often has outlet holes with slightly
different diameters resulting in different flow rates
fromeach outlet hole: Further, in sone designs, the
gas shower head conprises arrays of outlets with
different diameters can provide gas flow rates

anothary Asranethriexampleta showerbesd Pftap PAS eullethales wh &Pghﬂv

dlffé}éﬁla&' am@té?& r@éiﬁﬁrﬂ iR d?ffér’e!ﬁf NS rRES FofTeAdH S&tfet WORD Further in

ting to balance e flow of gas . to two seﬁ)

SomaeRNS: 1h a8s ﬁmwrh@ﬁaﬁempﬂa% seys RbessR WA (fiergnt di At diameters

cang?bvige Bas ABiv ratdsithabvary Ifdim Bhe 6afst td Gnbies within & patticular array
chanmber. In one nethod, mcronmeter val ves are used 10

°f°E"Bet§dJ ust the flow of process. gas passing through a
tube feeding the chanber as for exanple, described

o “TncaipdeatR o whi Semehe i SrigecEfi fa floms o

twoSeparaaé ehambecneftzemultathaasbergmotessirgiaprsratistto gehsahstantially

simi fpﬁ'gégs% r?dc ﬁ\&%lhat{h%ﬁ\t}é?e Irf !)rqg\ﬁ'\e{ﬂ‘?oé hﬁc?‘d@ﬁeter v?lveshare used

ren er, manual adj ustnent
to amt:@t theeflay of pr@ces:bgas passing thyeughd tmfeeém thejchamper, as for

exaﬂﬁfé %@Enﬂ)é@ﬁ%n%bﬁ asIL@‘ﬁeH Wéabgfen? NS b &l 8822 it i8

m croneters of turns, and such
incofRoratgd Y Fﬁ!ﬁ&en@arﬁ‘eb@”@hﬁﬁ geweby %@farat@rmm'ﬁsﬁf yalves can be

adjusied tPPRBACLSr plTpbsdlP ro%aﬂandélﬂe'fl%%' toQFﬁe ﬂﬁ@difﬁﬁéht@f’\ambers

t he bal anced flow to ea
HowRyeri BaNVal GSIRMERHDHBE TDBlaAr GRS i e dRBNENS o cep resut i

opeFdbt Ina@Bur’aBl@Ht T@\@So;férémf pﬁi@cdlmdﬁﬁmﬂﬁ mickbraaters a certain
e B Eo R el R R anblE 38 bvon or e
opetatot.r Plititernfarenthdhey el bsaccumq:}t of, thé ibalanced [fimwvtgtemch chiamber is
t flowinto two separate flow
als%?ﬁ%%ﬁféﬁcubg? dgﬂeo %er flow controlling device, the
Ratio Flow Splitter (RFS) nodule from Celerity, Inc.
M1 pi tagyo ChticdRifcdd \Mﬁk%ggﬁt%nqhgﬁtr éas%ﬁ)vf/ IrRYé ngé’rgte flow

|nput gas Streamto treans ase on a
stregms camalse bepisedtto cpatreldhe gas devw todwip ghambars nfiof px3raple, a

DEZPASSERY ﬁ%ﬁé‘éa’ﬁﬁb||&ffro%$m@tr%trﬁh@?ﬁb§nﬁe Wauﬁuhgtaﬁ MA, divides
evi ces, ow to each chanb i s measured Wi

the iy figwtieto twayReparatn dRwRtAamsSs Yetanather, %ntroe'm g device, the
Ratﬁ?ﬂéﬁﬁ@ﬁht@f’ (RPS) friddure frém Telérty) ncaMipitas ICAYuddsaa valve to divert
ﬂovs? ?rgrwaancn)r/\put g;shgtréelm to two branch gas streams based on a certain set-point
ratio for delivery to the multiple zones of a chamber or separate chambers. In these
devices, the flow to each chamber is measured with a flow meter. While such devices
are effective, the accuracy of the ratio is strongly affected by the accuracy of the flow
meters, which is usually £1% of the flow ratio. More accurate flow meters can be used
for more accuracy however, such meters are expensive and add to substrate

processing costs.

Thus, it is desirable to have a gas distributor that can provide known and
reproducible flow rates through different nozzles to provide uniform or preset



nmeters, which is usually 1 %of the flowratio. Mre
accurate flow neters can be used 30 for nobre accuracy
wheweNersso such meters are expensive and add t opCT/US2007/012348
substrate processing costs. Thus, it is desirable to
have a gas distributor that can provide known and
reproduci ble flow rates through different nozzles to
provi de uni formor preset 2 WO 2007/ 142850
PCT/ US2007/ 012348 processing rates across the
progessing rates ganosadie suibstiate alifacel eld is albd desicabie taiactusately

meH%?r%LH rgtéé)gt?@ér?ﬁ J?ff&%?pn&%‘? éjb{ff @5 W&J E?t?‘is further -

stri urt
desifgble tpcbea@ﬁ'aéff agiyst thedlovoef gasstortyin mamwfaﬁe@b@lm ymform flow

ratédihdaehwhbhipe fl ow rates in each chanber. 5 3 WO
2007/ 142850 PCT/ US2007/ 012348 DRAW NGS These

features, aspects, and advantages of the present

invention will becone better understood with regard
to the foll ow ng description, appended clains, 5 and
acconpanyi ng drawi ngs, which illustrate exanpl es of

the invention. However, it is to be understood that
each of the features can be used in the invention in
general, not nerely in the context of particular
drawi ngs, and the invention includes any conbi nation
of these features, where: 10 FIG 1A is a schematic
sectional diagram of an enbodi rent of a gas flow
conparator; FIG 1 Bis a schematic sectional view of
an enbodi nent of a flow splitter conprising a
T-shaped gas coupler; 15 FIG |C schematic secti onal
vi ew of an enbodi nent of a flowrestrictor; FIG 1 D
Is a diagram of a Weatstone Bridge electrical
circuit; 20 FIG 2 is a perspective view of an

embodi ment of the gas flow
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conparator; FIG 3A is a expl oded perspective view of

an enbodi nent of a nozzle holder of a gas flow
weampainser; 25 FIG 3B is a perspective view pfT/iiB®07/012348

assenbl ed nozzle holder of FIG 3A; FIG 4 is a

schemati c bottom view of an enbodi nent of a gas

distributor; 30 FIG 5 is a schematic di agram show ng

a gas flow conparator set up with a sanpling probe and

an adj ustabl e needl e val ve nozzle for testing the

relative flow rates of i RRAWINGS nozzles of a gas

di stributor; 4 WO 2007/ 142850 PCT/ US2007/012348 FIG

6 is a schematic diagram showi ng a fl ow conparator set

up for t&besenfpatures.canpestsaand@divantages obtheqiresentdyventipn will
beegﬁélﬁaeitepﬁn@ergﬁ)%d%ﬂ Féd&\'ﬁ %th@[ﬂim&% 'd@scﬁ’d}lo‘ﬁn 5&)8&%&1 claims,

IS a vacuum chanb schema

a“él*’&@?'ﬁ'ﬁ?@?fﬂwdﬁ@”'ﬂgﬁ ! ‘ﬁWCB dh’ﬁﬁ?tﬁ %‘fa"%‘éﬁs thrﬁdﬁve’!t@é‘t iHgyvever, itis

to bB@inbbrRY6dPihas efén BPRE! festurds GarBs ugééﬁfthéti'ﬁ\%ntlon in general not
conprising a face plate and a bl ocker plate;

F
mefely ip e e&%fm@%@ﬁamam%ﬂmewﬁw ipEudesany combination

of tHe@egBatufesS Aneed:ed nozzles of two gas distributors
usi ng an absol ute neasurenent .- flow neter; FIG 9 is a

nunmerical diagramof the relative difference in volts
measur enerG. st AisascHimatideetisndligrageoft draémbodifkap ond gas flow
coFﬁ% H qw rates measured through different nozzles of a
3 élstrlbutor 15 FIG 10 is a contour map of the
filmthickness varlatlon of a silicon oxide film

deposi t eﬂc,gvr:]/ ?ﬁ%ﬁ%’ﬁ"@étﬁse@ &aljv?ev{l f 4n %ﬁ{ﬂoﬂ%eggﬁ aXow spiitter

t he gas erent nozz es o

compsisingleul ehaped gas gadpliesed i n t he deposition process
of FIG 10; and FIG 12 is a schematic diagramof a
substrate roceSS| ng apparatus having tw chanbers

and a gaElG|1GnsehsamaticIestionsview of an eEachBeT, of @ fiqyerestrictor;

flowrates of

FIG. 1D is a diagram of a Wheatstone Bridge electrical circuit;

FIG. 2 is a perspective view of an embodiment of the gas flow

comparator,

FIG. 3A is a exploded perspective view of an embodiment of a nozzle

holder of a gas flow comparator;
FIG. 3B is a perspective view of the assembled nozzle holder of FIG. 3A;
FIG. 4 is a schematic bottom view of an embodiment of a gas distributor;
FIG. 5 is a schematic diagram showing a gas flow comparator set up with

a sampling probe and an adjustable needle valve nozzle for testing the relative flow
rates of individual nozzles of a gas distributor;
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each chanmber. 25 5 WD 2007/ 142850 PCT/ US2007/ 012348
woERERIIII ON An enbodi ment of a gas fl ow conpap@i/ps2089012348

as shown in FIGS. 1A and 2, is capable of neasuring a

difference in a gas paraneter of a gas passing through

a 5 plurality of nozzles via a pressure differenti al

nmeasur enent. The neasured gas paraneter difference

can be, for exanple, a flowrate or pressure of the

gas. The AGoiis asapematiodiagtane shpwinges flow gampamater st up for

4 t . i
te%tmg@%rl:oﬂgpaqgtn?e f?ﬁ? F}éeteg gfs gﬁa§§o%ztziﬂes%sa %&@éﬂstri’b@f& nYunted in

pressure o assi ng thorough the tube
arPéncld$iee gehich istrevagiumasharghennl et 28 connected to a

gas source 30 and an outlet 32 through which the gas

is 10 passed out fromthe gas tube 26. The gas source

30 i ncl uddG. 3 iyaschepplisdiggram shawing a flgy c@ tgr set up for
teeﬁﬁqﬁwﬂ&%t&%f Sé2esidf PgaRGishibiiter dohRsRIHgEa fagplateamd a

36 To control the pressure of gas exiting the gas

blggkssIPate] n one version, the gas source 30 is set to

provi de a gas, such as for exanple, nitrogen, at a

pressure of from about 50 ,to_aboyt 1 ' .

gas cont ngP'- §@fﬁmgaégfa@’2§ °£?1eah‘%véIcgﬁguecgg'lé%so%ﬁg\-/gvg%ough
sdlédted bzaes 98 tWe g distribtitarp paire ars absftermeasyremept fiow meter,
2, the gas flow froma gas source (not shown) cones

into the gas tube 26 through a gas coupler 31. A gas

val ve 33 Ri6. Blis agasnericakdiagrans of thengiative diffrrengein Yais

"%%g%s S %h% BR ragﬂ'ggssdrg ﬁa}ﬁé??%%&&r% orgcggo ﬁ%\@gété.@ ffeasured

trroughediffetemdnozzles pf # gap distiiRWOBs t hose available from
McMaster Carr, Atlanta, Georgia. The gas control 24

can be, for exanple, a gas flow control or a.gas g id
pressure Fl&gUO4$ arcontqur fap 9fet|h§ifﬂfﬁ,th'f:h'éeséa"§"@8ﬂ? php syigon oxide
filns d8pddife o B LEbstdde:such as a mass flow controller

ﬁl\/F% or volumetric flow controller. The gas control

24 can conprise a gas flow control feedback loop to
control afFfd.om is atcontdurgasp abtheasssi flugy thnowgiydiffeteat gazzles of the

ob DB iR MR bl SOPMN oA ER 0
nmeter 38 is the rate at which gas fl ows
FIG. 12 is a schematic diagram of a substrate processing apparatus
having two chambers and a gas flow comparator set up for controlling the flow rates of
process gas passed through the gas distributors of each chamber.
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out of the tube outlet 32, and the mass flow neter 38

monitors the gas flowrate and adjusts an internal or
w@xdoenmgko val ve in response to the neasured flpea/usio87/012348

to achieve a substantially constant flow rate of gas.

By substantially constant it is nmeant a flow rate 30

that varies by less than 5% The gas control 24

provi des a substantially constant gas flow rate, for

exanple, a flowrate that varies |l ess than 5% from a

nom nal flow rate. A suPESSIRIPTION neter 38 is a mass

flow controller (MFC), from Model No. 4400, 300 sccm

nitrogen, MFC from STE, Koyoto, Japan. Another version

of the g‘ﬁ%e(’f@ﬁt’m”tﬁalﬁs OVbﬁ@QeéﬁaéOfc%htaﬁcﬂhpy@ IVEE3S. 1A and 2,

bl Adadiiig ifErchice 39808 GRRAhERT KK 9 through
S e e SR A S paraERTob: gas passing through a

Plugglity,9fhozz \g%emg%i%rg diftgrential B1RasyraraeR}ad| '@dﬁ?m@d 9as

paramietemffekféacé/EEﬁ ber fUﬂer"nT)le a\fﬂtﬁf Rite b Bﬁb%su@f)f tth@fg%'sa .The flow
at or

cordfrmTor D SoruiReELLATR Gl ZhanGulEs 20t SaR BFa © 36t Giaas fow
rat&/er afgae pressiire bbtherngazf pd%&l‘dgeuwﬂ'dﬁ@hltﬁe fubeCR6.pPTh& gad fube 26 has
an B8.8] @heci 0 B S 304D AL B e cas s
pasgseglcmt foedthefdgasrtubé @6f [Tine gast sur&830 dnaleted 4 has supply 34, such as
o BRSPS ke e SARRLT by o AL TR0l comv o
prepgurgnfigias @xitiogdhe graskpely. 11 poewersian, the ga®selrice!30Haset to
pro@ﬂe'aﬂgﬂ sBER s 4dr SAMKE! Bflobéh, %hﬁéﬁtﬁé of frof abdlf fga@ about

t ube 1o to receive the gas. ow splitter
S&P#iAts the received gas flowto first and second

out put ports 48a,b. The flow splitter 40 can split the
gas f|0\#lnt0 t WO ggarate and equal gas flows or

split tHOSHRS FAUR! 42 PERVIHeRPILALR rieeierigasdlomyrate or prpssure to
themp@amtastEfernthm) Fic)\z, mﬁ gad ?:Bw &?nﬁﬁgbk%ohhﬁ m@@ﬁhd@ﬂ comes
tween the first an
135 ol 28 Pl S Se e 1, b8 B R g plbe 261
manlunltyu:tpepaned t0 48ta baiﬂowyhimbhltﬁéltdb,e 2d)0The ghs ﬂbWHBén passes
o e 12 SR LR RAR B2 QU b vt
frormM;Malsta Ca’meAframaaGedrg@s Td:\el,g;ismontr¢|124: capbests example, a gas

flow/. c@tﬂgo? gg ?%% duib%e Atﬁatm' t F%rgl‘?:ogu #adg é)Jntltom24 is a flow

av n a cou erm nus 6a-
me*@aﬁ8fsepmaa 3fR3sE ﬂg‘ﬂtcogtfa!ler )@rgalym&me flow costrotierb| khe gas

conTroSfWEQﬁi cGﬁ\Hﬂ.{s@E das fRow eontRi febdibabik %tt%rco-ﬁtrt)l 5 hb\ngate of gas

i ng_avail able 20 from Caj on

pasPBNGUORANGIGH B2 NP EPBRTOn) Kewn eh igfow control based

mass flow meter. The flow rate set on the flow meter 38 is the rate at which gas flows
out of the tube outlet 32, and the mass flow meter 38 monitors the gas flow rate and
adjusts an internal or external valve in response to the measured flow rate to achieve a
substantially constant flow rate of gas. By substantially constant it is meant a flow rate
that varies by less than 5%. The gas control 24 provides a substantially constant gas
flow rate, for example, a flow rate that varies less than 5% from a nominal flow rate. A
suitable flow meter 38 is a mass flow controller (MFC), from Model No. 4400, 300 sccm
nitrogen, MFC from STE, Koyoto, Japan. Another version of the gas control 24 is a
pressure controlled MFC, such as an MFC rated at 3000 sccm from MKS Instruments,



10

15

20

25

30

First and second flow restrictors 50, 52 are each
connected to the first and second output ports 48a,b
wo sepecssoel y. Each flow restrictor 50,52 provwdBesm®o7/012348
pressure drop across the flow restrictor. The pressure
drop provided by each of the two 25 restrictors 50, 52
is typically the sane pressure drop, but they can al so
be different pressure drops. In one version, the
first flowrestrictor 50 has a restrictor outlet 54
Andoner, Maesaahusetls.f |Qther sutable gas coRrais24 gandralude MiCs from UNIT,

YugrlﬁtalL%das%aln@;rﬁfaos}sétsﬁn‘bmé?:]bagfcoﬂﬂol fﬁ%géjb@%%ré}fe ﬁlaftéroéﬁ such

estrictor C nmpri ses a ho

as 8 WARIEBO Wipressare Feaitatpeavailablg emaderifiega slivisian of E{aﬂﬁer Hannifin
Cofdrtidn, %ﬁeJeh:%d Bifio Wpr‘@s&@r‘eﬁeguﬁa%rrﬂd?HSv%eWSblon Ohio. A

resp ectivel ¥ The term nus i s shaped rovid
preasgasd'wlgv@ deRPSIipRas after the BPVTRIGT aﬁéo fepshihe prestyie of gas

applie@o 1188 has AbW contbarator per conprises a baffle 58 with
an aperture 59 having a predefined dinension that is

positioned in a central portion of the tube 53.
| nst ead THe gadaf the&ohstant Hiew rateearii?orqaassiire @s appliedvto a principal

ro 4 70 Bt A3 ot BT e 3o 5T BTN e 25
to r206ive 1H2 8§58 PO MUBApIIRE0AQ SKl8s trcbaeacehtbuegaSIflgw to first and second

out:’p‘ai.S ;%&Jtscaéé) B: th% %@J %;ﬂﬁtgl' QS fca}é%hﬁ P egaggﬁmf IL’\E?A{WO Tea)arate and

tor
equal gasiflowsras spiit thszgasmpqur@mgz t@aenfeeﬁfmedcnam i lhe@ne example,

theﬁ/‘ﬁms Eie? 4b'e ?msgﬁimep \;éﬂ:ﬂ? : 6] ongﬁéﬁ)h een the first and second

sett alr litters
outpgt perts 48abc Jmfeléta@eome"%n?@ l?seewmlas theoceﬁtpete,o@ﬁ ah

syrﬁﬁug\t/vﬁl?u? Le¥ur tﬁéﬁrﬁlé@é&f 245Gh oRe verkith, the plinGsa adWaEplitter 40

itter rises an inl t
corpapqesoq qur}agpd&?@wyn‘@ga A Sas@mgmgl m}hg 3 h ngcﬁﬁgaped gas coupler
41 %Sﬁ@ﬁééé ¥ TEsapesitidiibivetubé 22akigDedicsleg3ant of thpdl-shdpied tube

f
e 38 arnsPyng IR JEt G FERBLEBSTR 7 AT SUOSRAl M igps tupe. A
suufa‘bu]f wmpeo medplEr isla ¥8 loa pe digraster ufittieg smthdh VEBR couplurr\]g available
er e
g b Ft Floies SMislorP ) SFrdclok SOERBRbT . Sl T Tt or s

60, 62. In one version, the differential pressure

gau g € 7 OFI"& _?Z\H'ste@m«? ﬂf)\grregfﬁeﬁ%\*g 58 gsfad%r @aﬁ%&nb@féﬁ% Qe first

at or east Torr, or_even

ang eemmdr Oumh@maﬂb yessrectively d Earch rﬂem rﬁaﬁﬂcmrégs‘i?r grovides a
pr&@H&eerQ :R:?&%ﬂﬂé W rebtiRtd?’ GhePrEssre fd'r&d"f)fo%io%d‘lfy &4t of the two
restncrtgrlégso 52is typlcc):g\ilyc'tclg\gps%rrﬁg glreségr'e dFrg:) g&(ta}tﬂgy can also be different
pressure drops. In one version, the first flow restrictor 50 has a restrictor outlet 54 and
the second flow restrictor 52 has a restrictor outlet 56. A cross-section of an
embodiment of a flow restrictor 50, as shown in FIG. 1C, comprises a hollow tube 53
with an restrictor inlet 55 and a restrictor outlet 54 that are each within a terminus
51a,b, respectively. The terminus 51a,b is shaped to provide a gas-tight seal with an
overlying gas tube 53. The flow restrictor 50 further comprises a baffle 58 with an
aperture 59 having a predefined dimension that is positioned in a central portion of the
tube 53. Instead of a baffle 58, the tube 53 can also narrow down from a larger

diameter to a narrower diameter in a constricted section (not shown) to provide the
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differential pressure gauge 70 having a pressure range

nmeasurenent capability of 50 Torr has an accuracy of
wa@tooheasso about 0. 15 Torr; whereas a differentd®is2007/012348

pressure gauge 70 capable of nmeasuring a pressure

range of 1 Torr has an accuracy of 0.005 20 Torr. A

suitable differential pressure gauge 70 is an MKS 223B

differential pressure transducer, available from

af orementi oned MKS I nstrunents, Inc.. The differenti al

 degirabissTove repdtifiony On sbanetber Yarsignathier flgynastriqipn?@ pameomprise a

no2Zik.t 8Gitdié W8k e StricldPy 56552 m@le@CﬁuW‘Pl\@&ié?Jh orinesshvsilaBle from

ositive or negative voltage which corresponds to the
B'%Rﬁﬁ'@ﬂ"p‘ﬂ@%@ﬂ‘e%ﬁ?%ﬁ&?al 25 First and second
nozzl e hol ders 80, 82 are connected to the pair of
second- out put gorts 64

, 68p. of the secondar
spl i tt ersPgi of gecontary &%‘% 2P q{sﬁbe a'%6°“’892¥%‘$ lé’ the restrictor
outkA$ 8h| 56 of thediowgresariviere 58¢ 52 0 Thedidstgasohdanydlont glittdH60

cortRi  cRITRE ) 44 B L e A5 SR o

secﬁﬁga@ ﬂdgﬁ splitter mdam has aipdhiétopat 66 asd arpHicofserond ouiriut ports
{
oo B2} hoBnF B A RRIBE b e Wit dp fafigmionea

shapmjzgaacauplerhéﬂel ative flow rates through two
nozzl es 100, 102 can be conpared to one another. -8 WD
2007/ 142850 PCT/ US2007/012348 To conpare the flow
rate of Aydiferentialigresstee gaugentyisiceanected apngss thgeoutput ports 64a,

684 Q?Hees%caﬂgary]f% ?pfliﬁeﬁg 66 @2 dnidnelVearsiBA: Ztﬁb@ilf?é?bﬂﬁél $ressure

An ex d view of the installatia

galmj-:zzq) @ syitab fc))é MEFSYIIRg ARressure sKange gflﬂ;\}ﬁs‘tﬂnlf_qr@‘orgxen at least
5 TBhe of @%Zﬂ 80 707 THd aRturadyl 6f the tRfeestR prasisuiddauie Z0depends on

insert 106 so. tha |l ed s d 107 5
theljredaiie a5 domateel g taieh thi Bod rprateD. S Fagmdle, a
diffeRéhtiafl presueauger70 g a b@@ssuﬁe rafefel ronpasverement &dakilty of 50

Tof B Seul Tt YRRbEO0 o deambheRPes nEElEnld prsssure

gawgd 10 bhaatne:oi hreas0éng a préssure reswget &fdl Torr dias annaceraoyef 0.005

Toﬁr?\lﬁ;%%t&% lﬁfe{%nlﬁgld!;aﬂgg&rgg{?uﬁ 1{%% gészg)r%_diff.ér%niilﬂlggessure
transduoer, ravanlgtajedrmaforemhetnqmm&&ldsiiﬁmzn@ nst.d éhe gifferential
pre\@ghlgéngal]b%zf(t S%QTQgesng @gﬂc ogrrf’!ﬁgplaf.‘ém§rigwr’(hé %rﬁaﬁ‘l o?’%verse :

' dw@qjmaﬂagl@ generategha noslgyﬂz ae nwtwﬁgoﬁggg M cjng)rms{pﬁnds to the

meAR0idiSreb SFE differential.

First and second nozzle holders 80, 82 are connected to the pair of
second output ports 64b, 68b of the secondary flow splitters 60, 62. The nozzle holders
80, 82 are capable of being connected to feed gas to nozzles 100, 102, for comparative
measurements of the flow rates through the nozzles. For example, the nozzle holders
80, 82 can be connected to a first reference nozzle 100, and a second test nozzle 102
which is to be tested for its flow rate relative to the reference nozzle; or the relative flow
rates through two nozzles 100, 102 can be compared to one another.
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nozzl e, the conponents of the nozzle hol der 82 shoul d

be wi pe cleaned with isopropyl alcohol. 15 In
woep@raiissn, the gas supply 34 and the gas contpol/u8%H07/012348

are used to provide a constant flowrate of gas or a

constant pressure of gas, to the inlet 28 of the gas

tube 26 of the flow conparator 20. In one version, a

pressure regulator 36 is set to provide gas at a

constant pressure of, for exanple, from about 10 t

about 15(P gampareghe dpwiTateof gas throughrthg twe noraen AQPnEfJ? the
noﬁléy ?G(FH%Q £#6 akbchid ® thaHdzAefHonersBoes2 3Ani éxpidifediview of the

et 020t 108 p Sy B Shn DR, SR o gosze 102

sho%@tmtgaaZré;c]:Eﬁ%éd é\ipﬂ o4 oﬂéﬁ Blyﬁ‘ﬁe‘i iHsRrt 106 $BItHat by gajlemleamlder 107
U

er noz ur ed
of B2 47 E, 107 Qﬁ%ﬁt%me e fresudes IS gF g poVme! insa106. A
Teﬁr@héétﬁ?ﬂm i8 mtél@d:d'r?mmk@ndn’?méfaﬁe nbezle WORth forhea sealing
w_rate ca et to

gasiisbuThEaseThY B Pevatet o Pifichs Pfe 20215 eRtdRdDgro 2
masdh’ng 2avityhel 1doffthe rnaglnluah 12r Fbiswassegblyge theh serewedmado the base
co MEnReaLgN h bAgq 5 Y gobfSLalS G5! f¥dembity ozzle holder 82

g ‘F] &g r At Iy

oW r te Oor consta pressure gas sup
witp rovizdted1@2exteading ouh @ssiiown ok |§pl3l3t iseghapdi tt@ﬁ,t@ﬁ gas coupler or

tubg di§hd o&f&%frgﬁhtgpéqughﬁéh ‘?easaﬁ%%é%n&zﬁéﬁo@wmm test

om;c anne avin first and second
nozzie\the sempopeatsHf Hie nazzle Apkdef 82 ghevldPeawipeireased Witsisopropyl
alcflol, 56 of the flow restrictors 50, 52, the gas is
passed through the first and second nozzles 100, 102
at | east one of which is being tested. Any difference

in flow |nroveeatﬂfn SREgROSSH PN 34 Ahd Wik gas tordtrgli2dsaerused to provide

o U Ba A e S hen 7SRttt SFUARC T P PEE e oo
26 @&F tHecin tombatdiart 20. slnpdrmomrsnoonalprestsurd tegulator 36 iscsetitmprovide

or 54 ch e Tt PR, BB A8 63 894, 85, o even

psigetfbroal nozdle havisg ra digmetsr zif  6peils, andwfinyv dietercig ig set to provide a
ﬂov*é%%u SSrdnd gbf)utﬁ’md [PI AP 3HHE s BQR Zaek m%e‘%rﬁoﬁ%@ Jck:ﬁ\W

and ow neasur enment accuracy 1s lTmted
Holyevehdhe set-gas fiaverate oF 088 arsssofe. ihauchiamer whan eHatggmmber of

noyfi% W82 él’&bell”lg n‘?é’J’stuF?cf tf?r &Ik OXVquSArARES A SYzIed01 02 of a gas

oWs neasur ow variations that are wt

cisiibster hEMinG BoUSAR o ARFHERaforAYRiGh N8 ToW Fath g bert 10 & evel from
ab?%égd Smld%abol® 340 The, dtareh&rdrh avBoltdod i toRARDUE @20 3Bn.

The differential pressure gauge 70 is zeroed out at the beginning of each
test session. The constant flow rate or constant pressure gas supply is provided to the
principal flow splitter 40 which directs the gas through the separate first and second
flow channels 120, 122 having the first and second flow restrictors 50, 52. After exiting
the outlets 54, 56 of the flow restrictors 50, 52, the gas is passed through the first and
second nozzles 100, 102 at least one of which is being tested. Any difference in flow
rate of gas passing through, or a pressure drop across, the nozzles 100, 102 causes
the pressure differential gauge 70 to register a pressure differential that is proportional
to the variation in flow rate of the gas through the nozzles 100, 102. Conventional
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percent change of the nozzle resistance through the
differential pressure between the two nozzles 100,

wdLf7angsd he upstream pressure. By neasuring tier/us2007/012348
difference in resistance, the flow conparator 20 can

generate a fl ow neasurenent accuracy that is at |east
an order of magnitude better than conventional flow
testing devices. 10 Operation of the flow conparator
20 can be explained with reference to a Wheatstone
meBradsgd ngeaselrieg tnoizzlel peciormante disectiyoneasure thedfiow tmough the nozzle

usa><§' ar[ar . C ﬁ{ét&'rggnaﬁsuch SurdRisH beclgy Lﬂhﬂ@é@by the

resi stance 0 an un&nomn resi stor
mepayrgment gcewracy efjthedptal flpwitargegh ithe ppzzle. pocwga'S&fthe flow

corwbé.%tbr'M|%m59&@meh@wwsaﬁéwns thature fwithin aswcrieuds% of the

a vol ta&e sour ¢ he Wheat ston% Bri dg

nornmai fow sate ProughiEe nﬁkﬁewﬁ’or 892-s1B¢ nozFlg iRy, 'aﬁ&'samaé%ed as the
perc8Rl @ﬁﬁ@b of f5e ROLAS rédisthnEvMhréegH hiealilfereatial prédsire between the

i e v A by e

resmak&iRB e, tr:ehﬂckw cbﬁtpaﬁatof 20 ban geseratka diow messseoweat 4€uracy that is
n e _secon

at R 4 AT o BrancuosBed i poERubAg i eRfia EvEEE”

will flow between the m dpoints 97, 98. R2 is varied

until this condition is reached. The current

direction indicates if R2 is too high or too | ow

Det ect i rfgperation ofitheciiaw earnpbr@torcaﬂw@art be explaingd| withfefgrence to a

Wrﬂeca?#ﬁﬁé:ﬁndg 9ﬁ%flé)<ftﬁcal cfrc %(o N E% s K'W ttsfbné Brldge 94

precrsion val ue, neasure

is tes@ﬁléo FHRAsuEs Bie wrRknowgl ¢'e%tﬁa?ig9§'Staﬁ'°R°f s Ud'kg?\uﬁtfe%'ﬁef by

ballaﬁl‘,lﬁﬁ &R0 YL SFLorfidadéittitdshe Egest whibe hcluies \the ahridvae resistor,

dge 94 1s bal anced, \Mélé t tEe cu reﬁ

e S Sy ahba cainee 2 T Wi eS8 BhcR: epresents

the: thﬂmaww réeubﬁﬁlt afie R, sR@mceng RE)re@énttrbasmrs oflkrovireteststance and
e. sourc al tgge ter als,. 1 03 det er

theor?s n_geé I%(zds Baﬁxafqbzq% qqraﬂg gjﬂia%lv agn?vsn Foﬁ%stg}sgtgp rQ'l:_%) in the

first leg(98lis-equa) to- theRatic-oRhejtwb unRhiown REsistoRS (Rx /RAJ) in the second leg

96%%% rgrgﬁat I I{%&ybetwgﬁﬁjme &%oam%% rﬁg o?' &8 W’IP u%ncﬁgo h&rrent will

e Vo ge or chrvent owt
ﬂowrbengeaémmnmemtsae?@m Beisueasigdiuptitthiscondition isgegehage The

cuffertBirestid? Infhalits fIRIEE {6 B3R5 tdh b8 DU TR 158 it an be
donetq hﬁr&m@wrmhmaw Thereferewit f+n Rerog Rxate kpgwp to @H@g
predi?dh VASE " theh ®,Scan be measured to the same precision as small changes in Ry
disrupt the balance and are readily detected. When the Wheatstone Bridge 94 is
balanced, which means that the current through the galvanbmeter 99 (Ry) is equal to
zero, the equivalent resistance (Re) of the circuit between the source voltage terminals
101, 103 is determined by R; + R» in parallel with Rs + Rs, as follows:

Re={(R1+R2)- (Ra+ R)} | {Ri+Ry+ Ry + Ry}

Alternatively, if Ry, Rp, and R; are known, but R; is not adjustable, the voltage or
current flow through the galvanometer 99 can be used to calculate the value of Ry,
using Kirchhoff's circuit laws (also known as Kirchhoff's rules).
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50, 52 and the nozzles 100, 102 are represented or
equivalent to the fixed resistors, adjustable

wo 8B7/342850 and unknown resistor of the Wheat strmBUS2007/012348
Bridge 94 of FIG 1 D. For 5 the flow conparator 20,
the flow restrictors 50, 52 represent fixed flow
resistances R, and R2, respectively, which are equa
in value so R = R = R Further, the nozzles 100,
102 represent flow resistances R3 and R4,
respectively, whi ch al so should be equal in value so

= R4 In tﬁ%ﬂ?wi%oﬁ\parafélﬁ Qb%hﬁwﬁ i FI@@V\@X%d 2 th&fow restrictors

varl es he differential pr essur.e

50, 92 gmq,gpe Wzlefcﬂ QQ;J-‘IQ? e rg(rfﬂgl)tegw quryale%ghthpmxgd resistors,
adjﬁgt\é%‘é .%@.gt& bhd eAkhGAs residloPofiRe Wﬁébt&tbhé Bridge 94 of FIG 1D. For

ferenti a ressure neasured ? é:
thefipw SoPaisERT It MW resiaciorH R L rebreanct Pead Tl Fegipfances R

an@RléZLe%ﬁteétﬂ@Iy, v&ﬁclhl&% edual nwawees lmn; Ra=HRt F]gn‘rther the nozzles
cal | bration pnozzl es, can us o0 ver
108 07 {eiP<EH JF SPORaDESF 0% TbRoETPRRIVRY BN AS Shauld be
eq.kaltm oamuers@vres ellmf:ekeatk Ry, M&erefk > nozddwevel i R, Vafleo by AR from
es of the sanme type, that is with the

R3£‘?’%’%rqe?‘ r@@ I PRI S %'Hgmg)for exanpl e, the kit of

nozzl es can contain nozzles having an opening that is

sized fr Rq'gﬁ t 0.0210 inches, at

i ncrenents -g@q%%gb’%%%} . i kit of calibration

nozzl es can al so be ceram c nozzl es from Kyocer a,

WhEH RIS ?%‘eﬁush is ﬁ}?éflz@d CRPJ AR! 8§84 PHus trfé%nﬁér%ﬂtlalTﬁ}ési‘drb measured

IS use to callbrate nozzles that are ng teste
by the fiew epmpagaten0 iscRrorrerionaliorthe 8°Wf'e§'ﬁ'@”f’€99 thesHua 'é%ZZ'eS 100,
1025 I n another version, the flow conparator 20 is

adapted to connect to nozzles 102 of a gas

di stributor 126 which is used to distribute process

gas to simsie wdrsionpPa Rt ©F salitFatdranbess ca'FheIsq@e used to verify that
distributor 126, .a version

theiow BRRIRRSZG s BYrAPTRO ST eRiT ton B efeiRys tpes of
no%fbl%s ?earmize?r Tgmgrecxmlzm dfdRe same3ypethdtds withdhe abow orifice

0 abou
G, S Iy o g L O RN R e
tha‘thsnsvzedtfrem ahout 1000 \350ctoad bod 2 024 8 indhesoét mh@"gems of 0.0005 inch.

ThQ' ?ttJf cghﬁrgﬁorjrﬁﬁzzrléé‘cért‘bég  odfim V%ﬁk?ﬁﬂ%gﬁus %}%Q%’ J8Ban, which

hawmﬂoetmﬂed Omfm siz@ eT kit iscusefuldp\alibrate Rezziethaharepeing tested
to HOR iR b SictudP bW rate of the test nozzles.

in another version, the flow comparator 20 is adapted to connect to
nozzles 102 of a gas distributor 126 which is used to distribute process gas to substrate
processing chambers. The gas distributor 126, a version of which is shown in FIG. 4,
comprises a plurality of spaced apart nozzles 102, for example, the nozzles 102 can
number from about 100 to about 10,000, or even from about 1000 to about 6000. FIG.
5 shows a set up suitable for testing the flow rates of individual nozzles 102 of the gas
distributor 126. In this set up, the nozzle holder 80 comprises a sarhpling probe 130
which is used to sample the flow rate of each individual nozzle 102 of the gas distributor
126. In one type of sampling operation, the sampling probe 130 is positioned over a

11
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126. In one type of sanpling operation, the sanpling

probe 130 is positioned over a 11 WO 2007/ 142850
weehrusReO7/ 012348 particul ar nozzle 102 to NPE@EUSE07/012348

the relative flow rate of that individual nozzle

relative to a reference nozzle 100. The nozzl e hol der

82 is connected to a reference nozzle 100 which can

be a fixed di nension nozzle or an adjustable nozzle

havi ng an opening whose dinmension is adjusted with an
par&djnlalsmm:lle 102 ¢tol neasatesthe T81ativea fow naterofi thatFihdeVIdSIal ®ozzfe relative

to :1 e eljﬁ@tgéer %331%0 tﬁ}% MESH Ifol?f@rj é’fls%nbé eﬁq nozz{é‘nozzle

conductanceé o se
100.@Bichrcantee gfized ldstlensmn 00ZZI©Er am adluhtqble h@zzm bB¥ing a0 opening
f
s Pl £ VB8 g BAEEGe gl 15 4 hAlR 0. .

In the Iatteé caneftbemepyleovalxﬁm isovet taymadch Hegngasyred conductance of a
SIn@Q%@e‘b?eolggzﬂé 1bb %n@tﬁé gdb %ﬁsrttluth.ubloi 2613561 tHeh thBipFols€130 is moved

gas contr ol
ﬁo'@dT?&F'iestP Rg2ziedosnesk e e PHBh Aok ARE2 e Naethgd allows

erm'cambrde mefdrﬁwm\ay 6f @és ﬂcsweata@ eHroafh e nm gm;of thélgas
nnel

dlsti@gtor 1§§péEtth'§ épg,up v@? gaﬁ gggﬁglﬁﬁ%w R Vyaéf? ?]%/ é'neter gQ ‘comprising
a nilissTRWetshtadllentizitiiva. s8b toypnoldeCi flow mite GFHO00 sccm of nitrogen gas.

o Sk o8 S5 B2, gLty ere
nozztesshaning btificesdiapietery gfabbet .38 nuo(P.014de). altie differentipepressure

gatﬁegétﬂ ﬁg{i %%lﬁ%g&ilél?reg&ﬁg%eqsurégﬂgntcrgﬂ E0F §F 0 2

VINg a secon |ane which is
smaller than the first dianeter. For exanple t he

first t gn%rgezﬁa th@\é%nﬂ)hf‘nb loPdbe %@Hgﬁwﬁﬁség a%ml&‘jb@‘l'éb having

mm (0. 2 Yecelives a second tube 131 have
af ﬁ@maetesrﬂq eanneptaskio seond tgoeni3 having 31 %ﬁwnﬁ‘ﬁ’éametef which

is érh‘@%l‘ﬁ éﬂﬁ.%ﬂﬁt]@%t dia?ﬁ\eﬁé? FoR&karplel D%Sf]irsﬂ’qmbe 129 ddnttaveesfirst
nj n
i D PRI o o A e SSETAF PR secn
sm&éﬁdismatﬁlofwnmm 25 uf)orrhexawd 0?29, anasu dancmplastibibes. An O-
1 88 LI P eS8 2 o
136 tclflfd?fm 4 Sedi2and trje Orrirlgosegpbri 34 kan baefor@werrmiﬁ: a gikkcon rubber ring
si Licon r
naiiba sl PEle w3 d et afHbo S 35,126, and an exemalsize
of aisoutof 625mex EhHP%in) 20 latgeniptcae \@memt@efse"cgmmm ring has a
Du@i@engf%l: ha?c{f%'sg %Pc%%ufrérﬂght'\@f%%h?%o Ca;rr{e, ifédrtbBer nn%can be for
n_anot her ver

sl on e sanp probe
examppg izg@lyrqnq@owpeqﬁqus@@q Bper, afv@pam%?r l&lcylaégg -Carr, Atlanta

Geto'r%gt nﬁﬁﬁ&mégg%@g}n thd dhplitidf fr86€ 138tdnipises @ \aC O fitfing suitable
for forming a gas tlght seal against a flat surface, and having a flat end with a groove
therein and an O-ring gasket in the groove. A suitable O-ring can have a diameter of

about 3.2 mm (0.125 in). The gas supplied to the flow comparator 20 can be nitrogen.

In still another measurement method, the flow comparator 20 is used to’
measure the relative gas flow conductance of two or more arrays 128a,b of nozzles 102
of a single gas distributor 126 mounted in an enclosure 138, as shown in FIG. 6, which
can be a vacuum chamber or a process chamber of a substrate processing apparatus
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therein and an O ring gasket in the groove. A suitable
Oring can have a dianmeter of about 3.2 nm (0.125

w0 T)7/14P880 gas supplied to the flow conparator HOr/osM0HE 2348
nitrogen. 30 In still another nmeasurenment nethod, the
flow conparator 20 is used to neasure the relative
gas flow conductance of two or nore arrays 128a, b of
nozzles 102 of a single gas distributor 126 nounted
in an enclosure 138, as shown in FIG 6, which can be

140 st epaaherzigrholdes s adapiesitpPassgap tigygh @agirgle nozzle

10PbPS BSRIChA i Q
PCT? el ﬁ'ﬁ%gdgééi? 2(1) ao?ﬂhﬂa%m@g bi—g%%g Qilstrlbutor 126 as for example

shown HekIG3 @, whilg ggglingioff gthes semgining 'Pﬁ'sg ghths @?tﬁgpé The
engfeggrleel gsl%% atDbre@sﬁne-J ﬂlfo?ﬁedélﬁé the pfes@ﬂﬂlhﬂﬁe tAamber,
S IS ri as or exa .

whizhd fo] Sxaiaie, & BARATRGN pris Ga e o AfoRgrbiogRd MIES
Insbuienits] 2, mZHp]am hwalmﬂr@grﬁ&ﬁmdhaﬁaﬁabmeesmaaeugagjgmsséﬂes of up

as e In the cha I
to Lo 57 1h8 comeabteciot ot St R, e PufLp B gnpanica
dusMéSeniehBVaiaumnpempl for exmlnpdzeh ah@bPa=8alfrapHEdwandaBOC Company,

Engﬁgagl F@ogn%‘hﬁ rér@ gg I« %%gﬁeuarﬁ?%té'@tol@%a;&% tﬁgrrélatl\y@e

comdvcitanueasfithe tive ptram?e nesa, b\mumml;m'@ qiiagrapiefithe @aozzes 102 of a

R 7, £ S o B Ao o
shawn)keandlee kassedito saal affiet af n%?éeat%ofothﬁms digripytos 426 which
aré"n&%@ﬁﬁea@ureﬁrls aﬂ@&%é&s&&%eﬁf oﬁ:nl;@ﬁ»‘é gﬁdssﬂdw kat&®through only

126 y a gas. t| ht seal around
W5 T hebis SO 5o G155 BEoYEBIP the apzzies 102
Byqﬁéasahthg lthé1 average ﬂb%gté trirdsnsgrgma.vdmt afrbyy msafi,%fnbzzﬂas 102 in
are no red.t
the; 2> J3topios | 2P Bt At GHOLIH JHETRTE CUpHrA s Bt 10k pzn be
combargd. drhis cam malu;sed asaenduaiificalion est mcdlsqnahfy gas distributors 126

napip GG RAT o w1 2AR ey ot B2 29t keRbgs facnining or

otHeh éatgization sf thelndzales1®W2, the fl ow rate through
di fferent quadrants or regions can be conpared. This

can be used as a qualification test to disqualify gas
di stri bubootserl measireviany meshoditiat ganbarusad withobe, flgwggomparator

20 M3AfIrSEs %sﬁ?ﬁé rgea§uf|c;v«f éarmncmra raﬁgmf RoBSledof tvAS §8E
fabrication o ﬁe nozzl es 10
distributors 126a,b each comprising a face plate facmg a blocker plate 135a,b with a
large number of nozzles 100, 102, respectively, and which vent to a clean room
environment, as shown in FIG. 7. The total flow and uniformity of flow through nozzles
102 of the separate mounted plates 126a,b (or of a single plate 126) should be the
same, otherwise non-uniform processing occurs during the processing of substrates
using the plate(s). A set up suitable for comparing total flow rates through two plates
126a,b comprises mounting the flow comparator 20 so that each nozzle holder 80, 82 is
connected to a nozzle 102, or array 128 of nozzles 102 of the distributor plates 126a,b.
The flow comparator 20 measures the percent difference in flow resistance or
conductance by measuring the differential pressure between the two plates 126a,b and
the upstream or input gas pressure from the gas source 30. By measuring the

difference in flow resistance, this flow comparator 20 can be used to achieve accurate

13



10

15

20

25

30

Anot her neasurenent method that can be used wth the
fl ow conparator 20 conprises neasuring a gas fl ow
wa@ondugissnce rates of nozzles of two gas di stpchusmoyo12348
126a, b each conprising a face plate facing a bl ocker
plate 135a,b with a |arge nunber of nozzles 100, 102,
respectively, and which vent to a clean room 25
environment, as shown in FIG 7. The total flow and
uniformty of fl ow t hrough nozzles 102 of the
flow etar ancbuniImity @f Hpwidata Whish gan e ussd tp ignfgYeths matehing of gas
distBlor$ 198k § (8Pvifena®BER, 138aer Wi se non-uni for m
processing occurs during the processing of substrates
using the plate(s). A set up suitable for conparing

;gh ﬁlt | 1; W?(ﬁt&@%f@u%ﬁléﬁ@f%é%g‘lb&él%}Nhr%f’&&hkbu@hffﬁbl gi&tes 126a,b
oW coppar a SO a a
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ar at or Eregsur es the
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fromrthé igasvspegiesita nBye metahusng thevditferenge in rgsistancss rﬁhl% dow

W[ﬁgwoq% gi%f &L%%{W&?e;%eCY}thggu A ?@O?a?ﬁgtumforml of flow data

whightcaniel esedcterimpeovietbe majching oh gas dirtripriereh 1y hi48g. i twschambefs
93¢ gtributors 126a,b for twin chanbers 138a,b. A setup
swtable for conparing total flow rates through two
pl ates 126a,b 5 conprises a flow conparator 20

mount ed e H’fﬁiﬂoﬁ%ﬁbﬁtﬂ@t@' fovheiteéethal@an 82curdbetween different
connected to an

oo SEEDE) e TR 3, 03 e 408l 3558 2 s
usifi ebfivdnitional flad measulimg apparatiatis showhhe FiG.o8v The flow

co R Sl SRR sy DS 108 R Gelh boe

distlibLtars a2Badl arepredden on lthet graph. tTee firmbplaten] 263 hiad nozzles 102

- f
T g e R0 S 002
in).r dsventthaugh thenflaw fates/\ﬁhoyghrsm apzzlep were Auitdiffeeant varying from
12%‘;:{“5 p3s \%cqc?ﬁ Wfr%tfﬁg IS 1 ean@@r‘é)n#J b6 % Y3 ¥cc91f\ i {HéV%econd plate

e use rove the matching o
126, yyherbiewsr tharpta, af srsh!cm mp i ths 2ua plates 1%63F é*'efe
clo gdi \lxgéir?%galétgz ?2§9|b%r8quEQWafa%ES§ flbaratesarC Afpatison of two

equivalent arrays 128 of nozzles comprising quadrants of the plates 126a,b also
resulted in closer than 1% agreement in flow rates between the quadrants. However,
the different flow rates through different nozzles 102 can produce significantly different
deposition or etching rates on a substrate. Thus, this demonstrates that the flow
measurements of individual nozzles 102 of a gas distributor plate 126 are important to
measure and can vary substantially. In this example, the flow measurement device
was a MOLBLOC, from DH Instruments, Tempe Arizona. .

A graph of the variation in the relative difference of sampled flow rates
through individual nozzles 102 of a gas distributor 126, in volts measured by the
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nozzl es 102 of a gas distributor 126, or different gas
distributors 126a,b, as neasured using conventi onal
wo oo dm&sur i ng apparatus is shown in FIG 8. pdweuiloomoizzas
conduct ance rates obtai ned though sel ected nozzles 102
of two different gas distributors 126a,b are provi ded
on the graph. The first plate 126a had nozzles 102 20
sized 0.6 nm (0.024 in) and the second plate 126b had
nozzles sized 0.7 nm (0.028 in). Even though the flow
diffeeential pressure gauge 7z i stoweeind=IGUBt dn thi$ beapdn tiffegentinogzles of a

ga{ ?%mbfé%qt%i?yégiosﬁméd& %tfté Eﬁgvﬂjla?% &f Q@p%%crﬁg\lﬂough a nozzle,

s sSccmin he secon
and 80 Vienuivalentto 26Z sicen: ed ravze pé@lﬁswzwtlahﬂqvn gategwere measured

for EE%E rgo%@%sbl 0508 iell lORfcMtbur BB wHidd §§n 63 %rr@lated to process

Ezq ed bal anced fl ow rates. Conparison of
unifiity

anans ofthickpessioroother syiace chacasiyistiss /b "I?tﬁ%ﬂﬂ‘ am%essed ona
sutidtratd 860! BY PerfbiRmglii ﬁéréﬁtlalrpfﬁééﬂlﬁ@%éaguférﬁéﬁg akloppodedio

areerrent in flow rates between the gua

Vieiow measiuemantseing Ao metar ek Paﬂ!ﬂﬁﬁ 3g5inegies i the flow
raté Afedsferdéhts Wtite RERGUEE Th BRETeixamipld, fodidd €4@8Im of N2 through gas

sl P8 val wicHers AesuitBE i Rt Srlit et bicken RIS e fe
res@ﬂmbheﬁ tr@&ffefe?r’magmsduretganga)h ané. Exénavith flow fluctuations

t .
oo S s i TR BEFG E HERI48 L bnore tran
tholBhiil 662zIés ina Plate h26.r Wieneas a Typigad rmassmmameter/sage @bmolute
ﬂox?l éé%%r rﬁéﬁt@%r ou ré Q%:Jr&lg r1l))’ nozz‘ﬁt Brg2R Cﬁeq{rem&ﬂod easily

OW'r
achieved ﬂmagw@g@s bieﬁevthanso Héamratesjo Pﬁéfel@nmozzle 102.
2007/ 142850 PCT/ US2007/012348 differential pressure

gauge 70, is shown in FIG 9. In this h, differ .
nozzl es Bre tickggss af a sicen pyide fip deRP?'%‘ﬁg” tr&te {80 using

snlﬂbéléah%rogés@cﬁérﬁﬂérf v@é@m@lﬁsé’r@a FAERoWIT lﬁuﬂé Xantour map of FIG.

ozzl e and - ui val e m

10, hgififrp é’P'E'FR‘?SéI"aPPSW' 4 @§r%§|q'ée h\“ﬁggﬂi‘te gf’%?tr%? evgﬁ‘e%l mean of

29N @ﬁgét&ﬁni%d Dratigel feora afbboM?&Bmi ahout 34 anlgstrtbmealit vieas aiso found
rr rocess. 5 uniformt

e e estsrian RS dariet U (tpie o hR Bps MatfBUGL 85 e

chamber. FhbBdw aompafdior By wae ther usethtodneasurera flaw uniformity contour

.m;f?e eféﬁt?rg g{%ﬁ%ﬂt&% é?fostoop‘?l??és%’%é Quﬁ?ﬁgﬁgl 1602 af SR¥wn in FIG. 11.

S usin
Thadlowrcentas rap whe coirelated t tbe puhsiatertaiskaessdaposition map as both

m %mxﬂ}gbﬁtgd nl\élcﬁﬂgt Z %‘ml Sattéth\%lﬂghléﬂgr fidwB fbmNRe gas distributor

rou gas tors bl ockers resul }
providing wrg&nqqqu&hugb%@mttm te'ckWFéﬁSt i this example, it was

determined that changes in the drilling methods used to create the small nozzle holes,
that is using multiple drilis bits with a 180° rotation of the plate during the drilling
procedure or a single drill bit which gradually abrades away after drilling a large number
of holes, resulted in nozzles 102 with different diameters across the gas distributor 126.

In another measurement set up, an automated flow uniformity mapping
fixture can be used to measure the flow uniformity of different nozzles 102 of a gas
distributor plate 126. For example, the fixture can include a flow comparator and an X-
Y-Z motion stage to move the sample probe 130 across the plate 126 to different
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to resolution of the differential pressure gage 70 was
1 mV. Even with flow fluctuations this provides the
w@apahilssé y of detecting a single hole being ceypusmo7/012348

out of nore than a thousand nozzles in a plate 126.
Wiereas a typical mass flow neter gave absolute flow
nmeasurenents which were accurate only to about 0.5%

the present method easily achieved flow accuracies
better than 0.1 % conpared to a reference nozzle 102.

nozpiesTiedestpackinegzleot02, This itesd fixaie akows meaguiesentad agemplete

flov cOteE H\%b%ﬂ@&ﬂiﬁé\ﬂgas%'nslt%l%ﬂ%' n a process chanber
was neasured and shown in the contour map of FIG  10.

The filmthickness varied wi dely across the by about
52 angstA Siistraté beo’ésQiﬁQ%p@EratQ@ 140888 bfs@rﬁbm&@é #gas flow

cortfeli 141 e prelirai 1 dea dem s DA IR SIes 1 et ntroduce

pro%lfi‘lgéﬁm?d ﬁ@il:crlﬁlﬁtytolﬂeuﬂﬂﬁatd Ipﬁécfesbimbwhaﬁ%m n38&B. In one version,
chanper . ar a was t hen, used. to

ther AR d AL car | PP SRR S e g Al 0 SLis ke to
autd'rrtamca'altytnd)mstlﬁesﬂowedtesmf phepexess jas suthetchanmbel§038ap. The

pro?%g%"ﬁaé Qargb ﬂ\}at?% réanB 9&‘19 %Bu%p s%‘?agg tFﬁJ’SQESQrce made

ness ep03| on ha
by Aalsen, drdine, |Ctaéltbrnlat c&ﬁQchf\mm@fﬂélﬂla qmmmm anyinpyt gas line 150a,b

whizh38&ds rlo §£§’ﬁ)‘§ Egsr. ifdidSt 54 vpichdn ttﬁ}'i'\cﬁéé&’é fi‘% 9as to a gas

correspon eposi tion thlckness
dlstélk)a;ﬁgﬂ@Sa*bt Imeraj@pepﬁm qurogﬁ%ﬁ@%ssthrqumt@e ﬁrst and second

flow FéétﬂlétB&t%@Fb% Al Iﬁcﬂdéfs@f QZt&%éﬂm'coH%Zét@r 20 the nozzle
at is usin

hol es
nolfgiechangrCaecke iiapd Rt ines 108 AP seHhe Gp distigors 126a.5
in tﬁ? tcﬁaﬁmb@@ 384 b bétréﬁﬁth%r@é’ttﬂé aterdntial ghugsiee lo&tk@yﬂow
afte a lar su
coriparaloroy ey HPrRaHE A areet bre RipRYESH|eS fos Faration n
flowd rate rof kne @ais thedugh tBe ridel&BdtdZer measur enent set up, an
automated flow uniformty mapping fixture can be used

to neasure the flow uniformty of different nozzles
102 of dngperatidnsa prdasuce diffeegndiall §ignalfe seatdearpltiee ptessure

dlffg}e)ﬁhgl:‘rcfa@nm @CA ﬁ%r@recﬁlteﬁggé’a\ﬁf??ﬂ% Pe[s@[)n g) fg\grgénaY %déusts a flow

adjpstment yalseﬂ@Smbmmntedltg tlmrmmaam%sma b of a substrate
proeﬁé@lﬁgest é&rl?—é’a”a% tHPGhh BidsRdlios) c@ﬁt&h SQ%H eTﬂ@ﬂow adjustment

I xture all ows neasurenment of

ValY§3,3585h B PACREPTCLEhEY PRSP WH! Borf BABGE of a secondary

flow splitter 60,62, respectively, and at another end to an input gas line 150a,b of a
chamber 138a,b which feeds the gas distributor 126a,b in the chamber. The flow
adjustment valves 158a,b control the flow of process gas passing through the input gas
lines 150a,b in response to a flow control signal received from the controller 148. In the
version shown, the differential pressure gauge 70 is positioned before the flow
adjustment valves 158a,b. Since the gauge 70 has a high flow impedance, the gauge
70 has a minimal effect on the flow rates of the process gas passed through the valves
158a,b and gas lines 150a,b. Thus, the differential pressure gauge can also be placed

in other locations along the gas supply channels.
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A substrate processing apparatus 140 can al so conprise

a gas flow 5 controller 141 to control a plurality of
w@2m7/fid28% r at es t hrough nozzles 102 that i ntr ogtwes2007/012348

process gas into a plurality of substrate processing

chanbers 138a,b. In one version, the gas flow

controller 141 conprises the flow conparator 20 and is

used to automatically adjust the flow rates of the

process gas to the chanbers 138a,b. The process gas

can be ddweichamiers A38a.baastalspbasinad a8 enclosumsctd3itbabserve as

vacﬁﬁﬁ n%@fjf )&Gre@tg? esk iRt ol rtNr‘o[lgh t@hig&ggir%batg@“i%a b.

nmprises an 1np
Th%lfferer\ﬂéb@rgswr@meg'a@aW%tr@a@ﬁﬁmtlamrasqtsaa>f thegasapplied to

inplittubék fhaftgﬁﬁﬁytpP@:éEQ?aEQo%aGﬁ%haﬂbéFﬁB&UBOf 126a,b. In
operation, passage of a process gas through the first

and second flow restrictors 50, 52 and nozzl e hol ders
80, 82 oh oh8&efdionyiee fipRradiustment vales 1882b are hekAgised to

allopaitdmeRaN 8F et P8 Bherly respnine o8 SRiFRIA oressie Hanal
from ghes diffetdntiappressurecg aligef 40 efdri eadangﬂelgbe Yalves 1588, b dasvbe
A i al_t

ele DR Hte B My aabSlent 1R oBR Siodhatf M idyatqitisean
are galfustdrt antg fthe Hesnrmizse?tﬂxpm@gzr_eamedﬁmaw()al cargspesdingdo a
oSl PSSR o A1, 168 o D SHEGEPHEE e ouge 70
Similagypdhthe desired setpeintis, -2érdarmqrse>@n1lnl@.vwhqdpmnelrﬂow rates are
dested ¥ egéﬁgag dsHBRGT £564l19 the 9afv€9 %85 %Scérf B@aajagl@dtéc%rdmgly

a substra processi ng chanber to form
Thig piawsthegdfiereptiahrripssyfe t@ Re sehie tf‘?cﬂﬂp%ﬁﬂsﬁﬁ'ﬁﬁ r’ﬂ”d t° be

autdﬁbﬁﬁlyﬁ%&nﬁérﬂé@ d@ﬁﬁ@oﬁ&%ﬂ&ﬁbﬁﬂw@épﬁ?&t@ﬁdd Qn ?é'bt zero
t port 64b, secondar fl ow 3 q[
diffgi prigauise Aravatt proviser s Best SesHle. BiPUARAd tarAn evenly spli
ﬂowgﬁétvdebﬁehé Boaghs ofﬁ%sﬂ%@ Bh aﬁbehtabﬁgﬂslh dtﬂe@?tléleﬁdkprbBEWe
r I n,the a er . e ow
aitrdiifet Rtdd Y% RS ocf Taf caf b ReSIE FREve Aol gitelfhoes down to
0.1%a¥ totatfow gatelbr augtenth@1%nyf flowgates, in cardrash Gmcdnventional flow

conlrBPARBILS v ?gPa%Jrl fé’éﬂv%ﬁ%éabt.&k QP%\% Bﬁ%‘?éq%@ JriiPIB 46Xt 1% of total

Versi o
ﬂownme%mn eepregsentsaro tpeseettay fiow l@@QIU{tIDOned bef ore
the fl ow adjustnent val ves 158a, b. Since the gauge 70

has a high flow i npedance, the gau e 30 70 has a
m ni mal TBEfagparasks AAQ can b fosexa e, @Rroguerrdd yithdwin chambers

1388%$ﬁ8rﬂ A I@H%tbh&lsVQEN@%laﬂé%hh)rﬁlﬁd WeSpdit HGSrocessing
150a t he ferenti al ﬁressure gauge can al so

hus,
C“aHB?eﬁf é%%%lb '$ H'SBPﬂ%dr °'I‘% gheyoine Adheingnd sactheRargbgyArgvides the
cap@bity é¥l procdeing one or more substrates 160. The chambers 138a,b can be

used, as one example of many possible uses, for the deposition of silicon oxide films
using silane gas on substrates 160 comprising silicon wafers, the wafers having
dimensions of 300 mm. In one embodiment, the chambers 138a,b include identical
components to carry out identical semiconductor processing operations, or identical
sets of processing operations. Being identically configured allows the chambers 138a,b
to simultaneously perform identical chemical vapor deposition operations in which an
insulating or a conductive material is deposited on a wafer disposed in each respective
chamber 138a,b. In other embodiments, the identical semiconductor processing
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WO 2007/ 142850 PCT/ US2007/ 012348 The chanmbers 138a, b
can al so be used as enclosures 133 that serve as

wo/apuumssest fixtures to test the differentialpdt/08007/012348
through the distributor plates 126a,b. The

differential pressure gauge neasures the differential

pressure of the gas applied to input tubes that

supply process gas to each chanber 138a,b. 5 In one

version, the flow adjustnment valves 158a,b are _
chamheraipad are usad fej¢tehing sHbstores 60 Hruch anpiiggnwalees typically

thrd hrdb%ﬁf?ﬁ%e?n ta‘brﬁ:t&bglfs?&e&héla{ypg lof %%Hkﬁ'tgslhﬁé}a&n thferétimace of the

differential pressure 3au ge 70. For exanple
Waf?hl 9é§°‘1'§8’aa'l¥ %laﬁbbeesermcee yoter-pReration e2n ke P§FofRedal

simBRanEYueR- in lthe BREMBBROTEZEEN tsuch 2@ Pladma &by@ﬁdékﬁr%ﬂloh dfitaxial
are gg@ust ed until the desired set- poi ng&l S reac

laygr fepsilipg f evEen, StEIPE RERGRGSEDSUCh AR BaY P Sfclhfté"lﬁg Pf $pacer etch
profgs3es UAS wilf bé dElgcrrrbleﬁ[ f.rfaac dHﬂﬁ:&%ﬁé@h@g@ralorﬂs @sisitragy within the

a Simlar if the desired set-point is -2
con%&%?tﬁe&ysmlqﬁpcénb%@{ - equal flow rates are

desired to each gas distributor 126a, b, the val ves

1_58a, b ‘ﬁ;ﬁg{%&g?dl]s%gt egtfc%(: Csoéngc;%gfe{$gp$tﬁe?é/ ng%,ﬁ gc?nductor

differe essure S ‘reci
wafarsd aretrhespiiteal to @ashichamber i1 3pa.brte nestdnmlau subgjrate suppor‘t 162a,b.

Erhféns-.g:{ o%ﬁp&e&ﬂn\éﬁ,ld%@terﬁﬁér t%?é coﬁtgélol64a b comprising a

erentl pressure may provi
heaﬁ%’sm heat tb%ﬁubﬁi[ﬁtﬁ 160ad- tfiﬂtahz'eg Qﬁ‘ﬁ)ﬂ%ﬁl thfough)tgg,chambers

1353&% $RRE doBs nb%e%%a#n!yr&%aﬁg@ﬁnbdem l%%%ﬁsér)bduce the same

ferential backpressure differences

as
progesping gepitg inyth S&hég‘é’&“‘t 63§%90IF\95”'?SF%WedFW% P@i’c%é‘ be variations
in tSEOI thickPedsdd @le toodthbr facits Batiess tampératute Qiffekeftcedfand the

fl t . t t [ |, fl 0
spaglRiep e e S PO 10P5 0 A8 PESUPRYRIGR T9Pat Jfater
tem\%e_féte:reee @ajusted by tz@ryi:ﬂgattb té%eifatmretc;i:the émmitasqsports 162a,b
. ch represents etter r iQ
usifg e TemEBAHE SonyaL 1tes, b SpaP S api s iEE p Hhefilo control
163aili boringictedcfocthb aubstrdtd Sappoft égabppl i ed Materi al s,
Santa Clara, California. The pair of processing 25

chanbers 138a,b is di sposed one above the other and
each chdibehaptevs dasa.bleachbapealexhayst portspitdedseonigeted to

sepQFEQe Ah It Ginss' R854 @ttﬁ§t jg)ﬁ\(b e a%ﬁ{mgﬁ §xﬂéﬁ¥t‘hpe q @9 wiich leads

d,  as one_exanpl e many possi b uses,
to ad@p‘»ygm PWRAP df Osilm PE@W“S% the chambgrs m%%e ase Pamesé@“ﬁw low

pre§§lﬁ§§ uahgsa PiRp CUBR sS4 D8cuRint | bGﬁ'ﬁo maé%rﬁpnetdw@oma.haﬁ@n of
havi n i nrensi ons of 300 nm

rouglpfggbtgfgorqgggular iand| ather RURRH god%{pre thggeSIrel?pressurg in the

chambers 138a,b. Downstream throttle valves 174a,b are provided in the exhaust lines
166a,b to control the pressure of the gas in the chambers 138a,b.

When used for plasma enhanced processes, the chambers 138a,b, can
also have gas energizers 180a,b. The gas energizers 180a,b can be electrodes within
the chambers 138a,b, an induction coil outside the chambers, or a remote plasma
source such as a microwave or RF source. The gas energizers 180a,b are used to set
the power level applied to generate and sustain the plasma or activated gas species in
the chambers 138a,b.
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30 conponents to carry out identical sem conductor
processi ng operations, or identical sets of
wObBARSRENG operations. Being identically confpguueshoror23as
all ows the chanbers 138a,b to sinultaneously perform
i dentical chem cal vapor deposition operations in
which an insulating or a conductive material is
deposited on a wafer disposed in each respective
chanber 138a,b. In other enbodi nents, the identica
sem conduct or processing 17 WD 2007/ 142850
PCT/ US208yd ety a&d1a1BREH %f Vs t\TrﬁBSer%ﬁgs 6fhe invention has

et chi ng substrates 160, such as silicon wafer

beqryrpromer!yor therrstiBeses HndgEstanding pfithedpeantion. The ger@iption s not
intdndeq t@Be'@cﬁEhé‘t@e‘ &YtS Ninfithe Sveritbh 36 Bredfisd fofins ‘d@&@r‘i beoOc For

course, sul t | e sem conduct or oper ation can

exaﬁ%vlﬁo?rn’eadmsqr\ﬁmpt taﬁéﬁagw inyenting may:hiesed PInalep, th%"m?c?f more

cha@ﬁbéﬂs AMBre¥ARHObNE BPAfDIr befhe cHaim s @l the rhalkiple chamber system
i on,,.0r _even etc éﬁg@@pcess s_such

Y

may BB porBpR A koo supdiaretuBlyiinon: Ben Sdenata, "Asqraipghy.

nurilesusirhedificativas @ndivaeiatibns aichpaysitlerin wewidd the teiachiagy above.
within the context of the system described herein.
Substrates 160a,b such as silicon wafers or other type
sem conductor io wafers, are transported to each
chanber 138a,b to rest on a substrate support 162a, b.
Each substrate. support 162a,b can include a
tenperature control 164a,b conprising a heater, to
heat the substrate 160a,b. Equalizing gas flows
t hrough the chanbers 138a,b al one does not
necessarily equalize fil mdeposition rates or produce
the sane processing results in the chanbers 138a, b.
For instance, there may still be variations 15 in the
filmthi cknesses due to other factors such as
tenperature differences and the spacing between the
gas distributors 126a,b and the substrates 160a, b.
Wafer tenperature is adjusted by varying the
temperature of the substrate supports 162a,b using
the tenperature control 164a,b. Spacing is adjusted
using a spacing control 163a,b connected to the
substrate support 162a,b. 20 The chanbers 138a, b each
have exhaust ports 165a,b connected' to separate
exhaust lines 166a,b that join to forma conmmon
exhaust line 168 which leads to a vacuum punp 170. In
operation, the chanbers 138a,b are punped down to | ow
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pressures using a punp, such as a vacuum punp for
exanpl e a conbi nati on of 25 roughi ng, turbonol ecul ar,

wERd7/eiRer punps to provide the desired pressus@r/iseobNei2348
chanbers 138a,b. Downstreamthrottl e valves 174a,b are

provided in the exhaust lines 166a,b to control the
pressure of the gas in the chanbers 138a,b. Wen used
for plasma enhanced processes, the chanbers 138a,b,
can 30 also have gas energizers 180a, b. The gas
What s glaimed i$80a, b can be el ectrodes within the
chanbers 138a, b, an induction coil outside the

chanbers, or a renote plasma source such as a
m crovwave or ARBRSBEN CeMPARRICHERMBNIRIRG zer s 180a, b are

used to set é)he B@&fcdnﬁ‘bﬁho&ﬁ@d&dab@s%@m@é Qaé‘B@ntrol
sustain the cwatedégassemesm

CopNIT A 920 $5RI) oerbags SBB Yo SARIES 8 Tevi AiR 90 8atsImaka gas
pasbiy theswpothegadaabe;i pti on of vari ous enbodi ments of

the inventio has been. V|de for the 0 of .
under ot andi ngPlor EREMEIRAL AT SRiterrompiil B FUAT Rl fagpeeive
gas fidbrartbe das tubiee aedzpst of/eutpot gartd; i Mt the invention to

preci se for descrjbe
t he present m?r? d aﬁ gf ﬂoe'ﬁrrgs g%g%gt ar? %%R%ng&%éd ?o an
outpot port ommlngpawﬂxu\e sp@ter each fhow neatrctof havieg eltestietos outlet;

in the miltiple C%ﬁﬁ%f s%}éélt\&{fgn % ed%ﬁefs"éﬁéh%n%@cfeﬁ toa

rocess sinultane

resiiséaritiapha flow inrioios anshiseceadany flowsriitteneerapriging pairs of first

and®E&dmaritltPors; Vi ew of the t eachi ngs above. 19 V\D
2007/ 142850 PCT/ US2007/ 012348 \Wat is claine

A gas flow c&par 2iiferepiglpresswge opuge aoryagct%m ‘PQ}P f’St output
porf@&ﬂhé@e@éi?d%rﬁﬂgvgtsﬂzﬂﬂ?rst Bed gas control f Icon'pr ising a

gas contro edbac 0 .C a ow rate

pressure of é gas pﬁé’ IFHPZCE@E %?ﬂé"ﬁ &8¢ 88%”“3‘5‘3 tg,a second
output purt ploa séd:cmdas;pﬂcnwtsplitteromerncmz@ddensrdapbb[eooﬂbeﬁr(g connected

as t r

to 5§ Seeof hop 8 WREieg habidds o Brdlitng ngWitkBittors ano
thedmstrarclt ssdohd namzles causes the pressure differential gauge to register a
pressure differential proportional to a difference in flow rates of gas through the first and

second nozzles.

2. A comparator according to claim 1 wherein the differential pressure
gauge is adapted to:

(i) measure a pressure range of at least about 1 Torr; or

()] have an accuracy of at least about 0.001 Torr.

3. A comparator according to claim 1 wherein the principal and
secondary flow splitters each comprise a T-shaped gas coupler. A

4, A comparator according to claim 1 wherein each flow restrictor

comprises a baffle with an aperture.
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out put port of the principal flow splitter, each flow

restrictor having a restrictor outlet; (d) a pair of
woeemons®sy flow splitters each connected to a PCT/US2007/012348

restrictor outlet of a flowrestrictor, each secondary

flow splitter conprising pairs of first and second

output ports; (e) a differential pressure gauge

connected to both first output ports of the secondary

flow splitters;'and (f) a pair of nozzle holders that

are eaclb.conrecerpganatoraacsestyrgito dainp titwhsoein thé pair of nozzle
holégé%g%rdlé feldqw drineEfabld 136 dmaa{ ﬁlgg‘?:lf%egfa% daet@ﬁmoe i?h process

con ected to rirst second nozz
chq@a@.@rag@ aAs @a@bumr@egwnﬁws g plgialitest $R%9F6ra§’aﬁrﬂfzzleﬁe
first and second nozzl es causes the pressure
differential gauge to register a pressure

di fferefial AFUPBREBRAECOIINGIFIANT:PSARPNISiNG a jig adapted to seal

. arcuh@\the ﬁé?ﬁe@ﬁf S38astnefifadiait of e fasdidtrivtesiOthiéreby allowing
nozzl es. 2. A conpar aé_gﬁr)lég%c ordin to claim1l wherein

me?ﬁ‘é'em%é’f@ﬁlaﬁélp SR dapted to: (i )

neasure a pressure range of at |east about 1 Torr;

(ii) havge an accuracy of at S bout T

A conparat or AcaBpaRRy Sestid frdafnd doribr i < Shb prve o
sampplerthe faw ratedof areindivithuay hdlemfasgas disteibytos hamingenplurality of holes.

a T-shaped gas coupler. 4. A conparator according to

claim1l wherein each flow restrictor conprises a
baf fl e V8-t h ancerpparatereaaccodlingtoogiaim 74gwmein the sampling probe

corh| %&SQRIQHW%@ t6 CUBRE ALY, tRE GRdt %H&hé d§ b Eﬁ'rﬁ‘dlameter

ereln nozzl e holders are adapte
ang thengqaond|tabe Ba\gng Ariggend dingler whighds gmafles @af\épe fi ﬁ,t gvameter

an@éﬁ@ﬁﬁ? seAPRBarted ldruriPthetipniriderthe seeoid fubeng a
plurality of spaced apart nozzles. 6. A conparator

according to claim5 conprising a jig adapted to seal

around tdie noxébpadtoradccbfAtg todlaing Batierain thé G-Heg geal
di stri but.or therebé all ow ng neasurenent of a gas
e

COPE%ES 2 Fl C?’H‘fﬁ?&ﬁ”f‘ quadrant. 7. A conpar at.or

according to claim1 conprising a sanpling probe to
10. A comparator according to claim 1 further comprising a kit of

calibration nozzles.

11. A comparator according to claim 1 wherein the first nozzle
comprises a test nozzle and.the second nozzle comprises an adjustable needle valve.

12. A gas flow controller comprising the gas flow comparator of claim
1, and wherein the first and second nozzles each comprise flow adjustment valves that
are connected at one end to a second output port of the a secondary flow splitter and at
another end to a gas inlet tube of the substrate processing chamber which feeds a gas

distributor in the chamber; and
wherein the gas flow controller adjusts the flow adjustment valves to control a

flow of gas through the flow adjustment valves in response to the signal received from

the pressure differential gauge.
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sanple the flow rate of an individual hole of a gas
di stributor having a plurality of holes. 8. A
wWe opAaiRs@r according to claim7 wherein the spimusing7/012348
probe conprises a first tube connected to a second
tube, the first tube having a first dianeter and the
second tube having a second dianeter which is smaller
than the first diameter, and an Oring seal nounted
around the opening of the second tube. 9. A conparator
accor di M@. t o Acgas fiowg cahtoller @actodrding- toi atajms t2iwherein the flow
s10. A conpar at or
ad@%@%&{nﬁ?ﬁl@e?céh h‘éé’Fhle% ur ta{]egrrh%grrprl sing a kit of
callbratlon nozzles. 11. A conparator according to

claim1 qjuher & fuishatd bfo%tasé?ﬁ& AbBaraf N ®rhg&st d@tﬁeeéés flow

nozzl e and-the second nozzl e conprises an_adj ustabl e

controlign &f glaim 12, angwvheregutherappiratun cPHPIises @réhﬁ?q’ §peRpd
probé&n@éhé ﬁ@évscéﬂélﬁér@érﬁberoéon@ér@m’g 4 gaditletiBe eéetind 8 8 gas

rst and second no ach co rise flow a us
cistjhf A PbAT ol PR Fretiauie as S bt Asian Sgaist Pt through
whiehigaetis xtidustdd.t he a secondary flow splitter and at
another end to a gas inlet tube of the substrate
processi ng chanber which feeds a gas distributor in
t he chanber; and wherein the gas flow controller
adj usts the flow adjustnment valves to control a flow
of gas through the flow adjustnent valves in response
to the signal received from the pressure differentia
gauge. 21 WD 2007/ 142850 PCT/ US2007/012348 13. A gas
flow controller according to claim12 wherein the flow
adj ust mrent val ves conprise nass flow controllers. 14.
A substrate processing apparatus conprising the gas
flow controller of claim12, and wherein the
apparatus conprises first and second processing
chanbers, each chanber conprising a gas inlet tube
feeding a gas distributor, a substrate support facing
the gas distributor, and an exhaust port through
whi ch gas i s exhausted. 22
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