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the gas supply vessels during the operation of the active gas-consuming process;

(2) when gas supply vessels are changed out as they are exhausted, the active gas-consuming
process may need fo be re-qualified, since the concentration of active gas supplied from a
freshly installed gas supply vessel may be different from the concentration dispensed
from a previously installed gas supply vessel;
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[0007] Accordingly, the semiconductor industry has continuing need for improved gas supply
sources for delivery of dilute gases to process equipment.

SUMMARY OF THE INVENTION

[0G08]) The present invention relates to an apparatus and method for delivery of dilute active gas,

e.g, to a downstream active gas-consuming process unit of a semiconductor manufacturing plant,

[0009] In one aspect, the present invention relates to a system for delivery of dilute gases,

comprising:
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[0011] Yet another aspect of the invention relates fo a method for delivery of dilute gas,
comprising:
providing an active gas source and a diluent gas source;
controllably dispensing active gas from the active gas source at a predetermined flow rate;
mixing active gas from the active gas source that is dispensed at said predetermined flow rate,
with diluent gas from the diluent gas source, to form a diluted active gas mixture; and
monitoring concentration of active gas in the diluted active gas mixture, and responsively adjusting
the dispensing rate of the neat active gas, to maintain a predetermined concentration of active gas in

the diluted active gas mixture.

[0012] A still further aspect of the invention relates to a method for delivery of dilute fluid,
comprising:

providing an active fluid source and a diluent fluid source;

controllably dispensing active fluid from the active fluid source at a predetermined flow rate;
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[06018] The present invention is based on the discovery of a highly efficient and cost-ffective
system for delivery of dilute gases, utilizing a neat active gas source, a diluent gas source, a gas flow
metering device for dispensing of the neat active gas, a dynamic mixing device arranged to mix the
neat active gas and the diluent gas for forming a diluted active gas mixture, and a monitor arranged to
. measure concenfration of active gas in the diluted active gas mixture, and responsively control the
dispensing rate of the neat active gas, to achieve a predetermined concentration of active gas in the

diluted active gas mixture.

[0019] In a specific embodiment, as hereinafier described in greater detail, the gas flow metering
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[0023] The monitor arranged to measure concentration of active gas in the diluted active gas
mixture, and responsively control the dispensing rate of the neat active gas, to achieve a
predetermined concentration of active gas in the diluted active gas'mixture, can be of any suitable
‘type, including spectrometric, chromatographic, colorimetric, surface acoustic wave (SAW), photonic
and flame ionizer types. Preferred monitor types include Fourier Transform-Infrared (FT-IR) and IR
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could be diluted for use as a calibration standard, as a sterilant for use below hazardous concentration
levels, as a reactant for nano-concentration chemical reactions, for preparation of low concentration

mutagenic agent samples, for research and testing purposes, etc.




arrangenment, or in any other suitable fashion. [0024]
The nmonitor can include one or multiple nonitoring
evi r conmponents, as desired in a given
“gﬁéhﬁ@érﬁon of the invention. In instances wh&fd/US2004/009168
mul tiple nonitor devices are enployed, to provide
[0028]i t OThéGiluddaactlvel f=8 méxttreawing iprogessrogiabe ¢dnespondinply varied, and can
vanogsrf)f msluge m%étlazglgldocgges %ea% chgxtuctlﬂ Q%) ?g%%&ﬁdn&' %hlg?l gg‘?ﬂosms research
m¢sugdtnena; @amelnrral aism,rtreemtﬂrré t%@chﬂdw withy didut ydiplegical dherappuig agents,
e@Ctive gas mxture can be processed to provide an
average or corrected output signal <correlative to the
concentration of the active gas in the diluted active
[0025 M Thel ﬂlﬁent[g@&%ﬁ]ae Sueh ssiaple alpe, pad eﬁszahmigly dasindb @ingle component

d out bl
of i oot A e RIS ORRN i BAER)RSERNE e Bty

sustelgje aliteend gasthim mﬁemﬂlw@mﬁo‘vf the iiverfiod s BiEGLeHy argons helium, air,
kx‘érgtBP BE! ﬁn{ﬁﬂ GRS 8 odeq, ystl] dndtnG, i GNeisRffafmetallic compounds,
ut'ational procedure to provide a net output
etSlgnaI correlative of the concentration of the active

gas in the diluted active gas m Xt ure. Alternatively,

[Oggtﬁ_p %%lpmg Eu?vgl%lsﬂiegrgge?gs 1s a %‘FF‘EIPa éegesngagsn ofa dllPte grs supply

syRtemdAO Ssdludtng umedt aiioPihs scm'ceonh whm}pm;c@g g:@mpletcgm]gpwp g fuid storage

f 1D chu m )
a@pgégggsru{ggéeigsﬁpwég\% gecglttngngggl%l illg& %e EQSSH r ederaogtallt\e/ eahgve}y @ sub
atmospberist pressqr@aasndﬁpmeg ehisten eg-» 0%@9 foe digdasedrind g atent 5,518,528 fo
G[eQxQ%P]ToH‘ ePal REh& TS, P81t 930 G2 Ry gufghiﬁ'adﬁpétl dl,Ghe HiyP&ures of which

I ncludes an infrared thernﬁﬁjle et ect or systen1such
hegebyppranqoppgsted hereip R refrenee iyfiel gPeggrBY SEt ent
Appl i cation No. 10/140 848, having a United States

[OEJ#.IIIJ Io pg egl{legtaac{ﬁv&ggﬁy ﬁg?ufﬁ tgz V\'h IélBIiISﬁ alv?s%l% n%ped witha v:tlve head 50,
asS siplvna o8 yphidrstively rcaldﬂeat Wwithn ag oeatecel rezmlatoni tegridiedf P@%“édﬂow control
el rﬁlgalt(%b 'aR(F 0&1%}'; Qi dhab ﬁgqplc%clﬁﬁ'y teﬁﬁergﬁs The LhIS& maadaﬁd caﬁ contain a

tector receives the infrared radia
caapengipnal flo eonirelsvabyp (hewtt WA}@hC@H@Iﬂ&a&Y adigdjyheel aA“l%t?fg f‘nsa‘ﬂl“s‘“-fatﬂ‘1 or
alfeRfafiRlydy M GuBhatcQBRE Bdnirolldr, ., f pnadmatie acilatod e el arrifad Suibid valve
in the gas sanple, which is preferably the active gas
“@@Wﬁ& ent, is output to a control means arranged to
receive t he out put of the thernDpiIe detector and to

0T or Thf Fesl efing ok e PR L s, by BE REGRC S ARG Leiiicaln wit
disdhergellineutd dageesmassfipt soniglist mlwpseﬂ rﬂ@reilm Vs ﬂrisqbnrgehw Iglownstream
tglfn E&V bdu@BleB1d ¥ Qcﬁlpled deRERG IS 9v1t9 Ehetvskﬁurf'ﬁ@ﬁdlﬁ $action for inducing

active gas m xture- usj n ess for ich the
floyy Pme@acta'egas\ﬁ@ngda%llarsﬁls@%‘i@tq the atts’é Y@#thed. The gas
can for exanple be a gas that is a source nmaterial for

formn opant qr .trag cies 0
OhSHh ot ok oo ST RS P AL B e o itaree diluing ga
indint @2 Wﬁﬁdh\lﬂy}bptl(m@]w itlclinde adidssl flew ctbxmoll&n,ste vasurals for flow therethrough
anﬁ lslchkf)ur" aetﬁ'om € v glrl F %ﬁéon%mﬁgqﬁ-hﬁeag% aIIaRrEer Y& ﬁlexkaﬁ! ow

zar us concen

[0034] The in-line gas analyzer 26 is constructed and arranged to generate an output control

signal indicative of the concentration of the active gas in the diluted gas stream flowing through the




| evel s, as a reactant for nano-concentrati on chem cal
reactions, for preparation of |ow concentration

Wb agent sanples, for research and test]|
pUT P %@Ezﬁ etc. 6 WD 2004/ 088718 PCT/ US2004/ oog’f%%’”“"“’““”“

[00281 The diluted active gas m xture-using process
apalyeehiorg ne Hepbdistierrgd from gheianadyzer26dn 28 fordloivdeiddwnsiream gas-using
Siedswead, By bRGERARP oroBrelbemicEiMARb R ced AP br installati

Fireposslt:'i"on éltr%gﬁ @’dl agnosct’rl c§ elrmé:gearc cest WPbr installation

i nvesti gati ons, agricultural assays, treatnment of the

[bexdy WiTHd eledidiie sigasll @bmeitcaaby tnhﬁ?r[eaﬁﬁa%tzérC 2008 NkaBsmitted in signal

etc.. [0029] The dil uent be of .an j'tabl e .

EistoR i ah mgs o SRR TR oD Pt Wit S e meatactive

galé Inudisshargedivg A4 ifltat Biloyedi® theldntugis Srfed dilutianoimpondedst the product gas for
{hg gornulations. Illustrative of potentially

SUI t e diluent gases in specific applications of the

invention are nitrogen, argon, helium air, krypton,

[BO3BPN, T 8peadioh Qieéttt(ﬂﬁﬁ% Jb)ié‘éh@sﬂi@ﬁ) ac@@éygﬁ@ia ,dmféﬁaaar&@l neaﬂg&s source 12
nonet a |1 C
’%%a’é&ﬁgﬁ 8-“ ORI mass rf%\mr% erF%6 Wl%ih ongtajes goc%gﬁﬂt&fecdelwery rate

of eprmes gt dllicaesuitifg modiildtedt ﬂbvsgﬁ& rﬁmmpd i dISel;ﬁgedme 10 is mixed with the
dlieh)%%lﬁ%?s srh%aﬁ:i‘ neal frg"lg %111%{?16 %% éjﬁ(? %ro %} I V%Xn fIQ "'In lieu of a

[ roms or age |spenS|n
vvrégséﬂvws,mdqwa@suda &Han geustor ommphwr@iwrpw@is@ @rsitigmixer, can alternatively

bE Alblﬂﬁ:@ ho ﬂi‘é' Jllﬁt'ix{gag'éé vl t‘ﬁe Qc'a%é@as '@ﬁe‘%&&'ﬁ 6f dier Hﬁ;&&gsdé(rﬁe provides
gas, dispensing systena:l pe discl ose in

DEeRsary DES R d@e@ilsl S gy magy foWrPOWOH%'rﬁy to dlpw fe aciiyp gas rough the

| fidatc@iit of tHe @PerfllabpilPsysidil ﬂﬂe Mﬁﬂtgmg n@kedalilute k43S tream (including the active

o PR RRLS e 10 et Pot REPPEOF U caeton of st

gérshe theegat mixGird i deteranined ot wsed ﬂ:&espdsnmelyfagnetatpm gogigolaignal transmitted
%ﬁa(fl traﬁﬂﬁﬂi F)Belg:ev%at 'a) the VfasY en'anﬁ‘&dcoﬁgol}er Ao Iﬂl%V\Bass Ufow controller
ernatively coupled with an external 'regul a

rqsmlwltbmg rmdiulﬂieé the eapirelgignalde incredse prdeeeasy ¢ the aﬁa’e &tsifiglivery rate

1 SHAMEN L @&%Ed hilueyy athJe‘-‘gdb bonber@biQNER R dittRE aMRL L8 ARALE in line 28
50 can contain a conventional flow control valve

floweia by spvsyeapdmrSti#l- e by a hand wheel actuator, as
iIIustrated or alternatlvely by an automatlc valve

bno vV allm\‘/3 1tcPP %6‘: ca%i%?%%%]oby sy 'tab? }n%{lelc @ileop eration,

S 0 enoi u at 0] r
inglaéins doir eemlp, phgtomiwpl spertpyvorh, clseithckpasisty] asustic monitoring, thermal

t .
mofitbrH HE é[?é‘ A g)&xﬂlﬁhum‘? g?t 8108 Sndrd B g 1168 é%ﬁo | o, {oZH\étennme

cont ose erein.
c%w@s&qu@aﬁwvwas FHREES Wﬂetec}m %qw @rtheﬁewn%r%saﬁf%g process.
to venturi 18, with the venturi providing suction for

[005] uci ?nga variation of the process just described, in which the dilute gas mixture monitor
comprises in-line monitor 26, the process system can alternatively or additionally utilize a bypass or
side-stream loop including take-off Line 36 interconnecting line 24 with monitor 38 and recycle line
40 joining monitor 38 with line 28. The monitor 38 generates an output conirol signal correlative of
the conceniration of the active gas in the bypass Joop and such oufput control signal is transmitted by
signal transmission line 44 to the central processing unit (CPU) 46. The central processing unit 46 in
turn processes the concentration signal from line 44 and transmits a correspondingly processed signal

in signal transmission line 48 fo the mass flow controller 16.




flow of neat active gas fromdischarge line 14 into
the throat of the venturi. [0033] A diluent gas source
vided in the system and arranged to
Wg) h‘ﬁ%?%’g diluting gas in line 22, which mayPCWUSZOO4"‘"’9168
optionally_include a mass fl ow control ler, to venturi
[0689f or Ad @Whill Rethet Vureit@hor taadystéms&eb@ibaeaﬁdvanm& KBU 46 can also be

Vent r I I n N Qr rec%ﬁ're%gnrc]:teq aﬁ(gl 031 gp% {]m I%aﬁigrnaltyzerhne monitor 26
\Eﬂ@wbr thg etg@rus fambt)éx qopgtyieation-ooyjtoriag laoretoa 36 enst 38 are prensssedin CPU 46
2k 98ako %erﬁngatg %tuhﬂa&y anu&fb?gg‘aictﬂd? GaRLERkddAR si@hal LKA lﬁ?e 48 to the

gas in ream fl ow ng through the 7 WO
SHgp AP0 RallT ﬁ%ﬁwﬂew&m‘e B AYsigmy 15 @FanesddaPIoPFHE Vipsoncentration-

s@rﬂﬁgddl@ﬂ@ a0t rcofRshdh@ing NAdnit&e 126 2d 138, bgpemz&hé @dspdcti®monitors
ownstream roc uni e. g. an
CRFRI SRS Pt R Fogine 1 el f s apapdt o enbance the

aoevoce sisl réliability@f the peitrel Sh@.tll san to théX885 Jlow brantrellee 8§.r oni

signal generated by in-line analyzer 26 is transmtted

in signal transmssion line 32 to mass flow _ )
[BQ4AL r ol Theectivg gassi Teartionsd smiasi of any suifahle 5P Tqlugipe fon @agple, in the
chfRor Bddondfelol MBcesmhigel Paséh sﬁ&ﬂ@'h?zﬁldbd (@% ddink fj)ﬁbsP]nﬁe germane etc.),

rovvedtot uce th

5P oL O a§|‘}$(3¥ es%ur l fjjﬁ)e];‘?ﬁ{‘lﬁ‘%le St jlg Igﬁ 5D per S Si’fm‘:““d“c“’r

ni@afbctrig @pplicaionsuah inalide fr egaipley Bongascldasdistbnpapsizel (efg, 611 N2, 02)
Orgtonm% ouEr“rcg:]I1 le%mm' nt %e\cli\%ksjchar ge line 14 contai ni ng

nass ForT ’ Peh operates to control the
dellvery rate of the neat gas. The resulting

[663?]”' atltegqllf ﬂeoﬁééd'gﬁE& PRI AR hiatnSiS lili%%tﬂl%vél#' BfowhwitiSreference to
m xed wit he uting gas stream fl

dghvenrtgf Heut@%ﬁg SREGIGH é@ BHSY IHHrPeRaRE to éehtvay\?éhlfltﬂﬁ jof mgjerials in: the
ligiid bhe@dlin€thdi an MevE Hijdid 6R\desiRd cahcdldtioie such as an

eductor or punp, with or without a static m xer, can
alternatively be enployed to mx the diluting gas

[0G42]h t Hewdicdliovie gagnizéthtatvibe tilntd flod saiplyesystem)af nlg: invention can be

s
gas through the flow circuit of the overall supply

(Gt ©MThd Bty SvMidoed\Gr uiiliif i slivkibrh 81 ﬂé‘ﬁre&hf iBedition are enhanced when
(including the active, gas an

Berpeifveges OBy aﬂ%ﬁﬁﬂﬁ@ﬁ?rwesa@%?gma e bt ot Hfigatons fom, et o
aOWaenéthpdateas. of active gas in the gas mxture is

determ ned and used to responsively generate the

control signal transmtted in signal transm ssion

[0044ie 3Thtsp itehpgeser Sevepticanby eirtug ofuiiliging er realdintehgas enittprovides 2
cgdhﬂlygug %Egsﬁrg M' tﬁé as HEaHE rﬁ?éréﬁ? le su%g arbgns%fj(ﬂ u@:h %ilvp %astcbﬁ:entatlon in

contr ol O I ncrease” or crease the active

ﬂ@dehmeﬂ;ﬁﬂvta% migiyreq Bt fonet toHke eqpsniaval mpthags desorlefcqpbier herein in

ﬂﬂﬁc@mﬂﬁ@mmeawaﬁoﬂ sréctroh Bedbd Wt Rfveadss tovinan mﬁmrﬁw dset point
t he downstr eaﬁpgpr pcess

R0 PSRN o SOt TR o A YT B ERse el B agrese o
déayeasttye Stivelgaddclivaipaie tomaiopRtstdediad concentration value.

[0G45] The features and advantages of the invention are more fully shown by the following non-

limiting example.

100406} EXAMPLE 1




i ncludi ng for exanple, photonetry, spectroscopy,
el ectrochem stry, acoustic nonitoring, thernal

etc., or a conbination of two or Q
‘@u@b&#ﬁt‘gs of oper ation, to deternine concen%&ﬁ%&mwms
of active gas in the gas mxture as diluted for flow
A he Tdtﬂmmgtﬂr eraﬂﬁmgé‘sthmwpﬂ ghopndc d5G.. 1,[1BO 8Byatibm of the invention was

aclfﬁ‘ oﬁsﬂ'gﬂecp ertﬁ) MBA?IGECM&% %CR;B‘ §§ thg Q&RFE ' pse d’[he' zﬁtlw]éag QQH‘EJE &vas a sub-

ut e gas m xture nonito s in-l1ne Tonit
igosplierie Pﬁﬁ%@e\é%c@ﬁ%stSéPFP%&Qﬁseb(cﬁ@mﬁa@ﬂW%‘}ab@rﬂom ATM, c., Danbury,

@O Chipkibr2 ith ¥n thtdrhal 28 rébnlop &§ Sodfant @liekey Srbds@a BT baARR tetrafluoride at
aﬁgludlng take-of f line 36 interconnecting line 24

N nonitor 38 and recycle line 40 joining nonitor
38 with line 28. The nonitor 38 generates an out put

roI f
0t 2 R\l oS Y S o ol AP Bl el andt copable of
debiverinpp subrpiiditer per mipgin Slay rate do pipducg ithgraw corcappHenswixgpps desired.
T!ie MRidArkspbRink DEerARA tWad borbRADT Sl ding Met rate GPYAveASpeniff)nd closing a

ntral roce ’ % unit 46 in turn processes the
A e PI°B%% fromline 44 and transnits a
correspondlngly processed signal in signa

905047 BBl bRl B BT 5 { B ¥lsf Ol By ater ang
ouilet pfthe volug Wag Teairredf Thil eresyst diffarepdial oyas peayidad by @ smalhgenturi pump
JP VAR R sBLSY HhitrBéd AR gﬁﬂlﬂe(?utfo%ﬁpééﬁ B@Hxﬁ ﬂlé/ dﬁu@ﬁ%bsvﬁr the diluted

concentrati on output sig [1ne

BFOGUS BHtemiNUAYT (b el encemétﬁtéwhethwé-tgwiogfrmsgw i€t ventur pump

pESViE @Mt hedbds@ midNY Jf G lnbed g¥RY thedikiert@asand 38 are
processed in CPU 46 and used to generate a unitary
control signal that is transmtted in signa
[0056]n s NFG. itludtiatesthd Saciram plessurerievsls tal wore edrrvedisingrthel@nturi pump,

Wk dRUG A r{fr&mﬂ%@showﬁ a%il&{w dfudht ﬂiﬂsgﬁ%matprggﬁﬁﬁmﬁve

two concentrati on- senS|ng na S
exapvice oy off P prbers elgt standa btﬂ@ pgsmmée lpm) g 60 psi(ppuivalent to 7.8 slpm

af ﬁﬁﬂ%ﬁ prodfeel® R}hdh%%f 29018, la'ﬁ%eri:&sﬂi/e Affsamel &ﬁ]egrh b tﬁﬁ& of the micro-
n | N rela n er
v@ﬁ?‘léﬁ@ t?ra émI? ’t‘ff?{q&v e VP RF faé‘tsﬁ% tc-[n:Byv etqHaée @@Fﬂd}uﬁlthe desired

gadftpwal sent to the mass flow controller 16 [ 0040] The
active gas as nentioned can be of any suitable type,
i ncluding for exanple, in the case of semiconductor

- [{96Hc es Thewadiing cgdromisiraflyotideingrogendgas thisduré wagyintrodaeasijimwo in-line gas
aRiiRSRhi "I‘B@ ’ﬁrsg %ﬂ?z@le wa b Cohmercfffy Qvagéo'if,e odrfer Q“rmfélnd'i%%ed (FT-IR)

Si'F4, SiH2A 2),” boranes, etc, Diluting gases for suc

S&eéﬁﬂﬁn@@ﬁd@éﬁt g5pond g i laer Over Al ERET Phoimet ém&léwg@rbéfraé‘a?éd infrared

(IRPﬁghE%@fEEhﬁl,adﬁ&fﬁﬁﬁM@ﬁﬁ&’éd fbabpildidteapeci es (e.g., Hz,
N2, 02) or atom c gases (e.g., argon, helium and the
like). [0041] It wll be recognized that while the

[gos2jent Kmihe plotdnietansihe Hltdr eleynt stapewployet v tledketl §R egergycexcept for the

reg'l%l'x kvﬁgr M‘le gétivg eéeb'l%?ﬁggggi# t@tgaﬁg%r%? ab%ol;'l%d t1 gl%e g‘f’lé é%pond %%t%l efefhent in the

- Photameter ﬁmracs eutj aHd’lRumemg vith the eroemsion jof) aindrrey? baldd%sm negiop where no
Rtk Als! BBbrbed light, thereby enabling the second filter element to be employed for
reference signal purposes. This photometer system is of a simple character, involving no moving

parts, and provided an analog signal proportional to the concentration of the active gas (CFy).
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[0042] It wil also be recognized that the dilute
fluid supply systemof the invention can be operated
Wﬂ% ged to supply a plurality of active '
€.0. :9635;»‘?1%' end of conpl ex dopants. 10043] The 3’%@@3"‘”""9“8
advant ages of utilizing the systemof the present
[0AS3¢ Nt | BhG. arshomﬁaMMepMnt signhle fimat fhw R ghsorsaarragd FT4R analyzer

Ried BB G0 \Rlkdy 98, PO THOR B3l W32 o] abillRd natwe que 10

¢ogpuationgllygtion PPéOGﬁﬁteée’eﬁt thy FlTrBh tiffvm thMR Dhoﬁcm?@r pfovided accurate and

#thdspombd ¥ cbngif@éontitio®. gas nmonitor provides a

cont1 nuous neasure of the gas m xture, thereby

ensuring a constant diluted active gas concentration

i0054] t heFide B ialse fibdiraiés| the ailigast the micrt-enjvel for catidllirgSthe Hadivery rate of
[ I SC r e rel n.d.

il (AR P AR e PO HRGHESS ERERNER o 1B putBiaRl Rplich by volume

@pmy)\eé C‘g?aser@tﬂn@ﬂedwhfmamer ornugeiipul oSNNS eoasspandsé o gebivery of 0.7 standard

B UBntinfiefOptk Bhutd (B3| of! (F, S Sand: 'MW LS 2B2RnEPBIe R reducing the

to the active gas-metering device to_increase or

RISEpinside e galuge oy %ﬂt&ﬁgc% flayetesrictiop betwepn iy qptlef;of the prgive and the

idesif dedem@ncent rati on val ue. 10045] The features and

advant ages of the invention are nore fully shown by

the following non- limting exanple. [0046] EXAVPLE I

[0¥55P 00471688t 8s PElibfi@2004 HOBARGB oM 4T kenbinied bydongaring the FT-IR
Qﬁy\& he operation of

é%bgétigjr%/ée%ltt% %ﬁ ret\%gﬁe e nmon sl,]% @%ﬁ édﬂomilﬂteﬁ;' car bon

tetrafluoride (CF4) as the active gas. The active gas

mar ce mssoragoﬁigbm@ﬂm&a@m&uunmﬁ@ ﬁ:ﬁ-e&éeﬁ?(rrd)eh@aﬁg small flow rates
rce vesselm% mer ci, al |y avai {lp? Ilr om ATM r}_ back 1
ﬁ‘ﬁ W, 885G ?ﬁﬁu“ﬁfﬁéf? Vg HyRgrmGe edgurine L giplg Tgidback loop

teiveercanasdlymt and e [phs\fryingdaridg samipencaf. car bon tetrafl uoride

.at 500 torr. [0048] The gas was dosed using a mcro

val ve connect edt—tottre—gas source vessel and capabl e

[8457] del Whiterthenigveation Hgs béen d¢spribiee hergie withiraferense fol spegiffccasnects, features

ah® e RAIMER, # BRI bOWSRRELRA AL inPdhtibl %iddf 885 ﬂtﬁﬁéd%@lﬂ 1is susceptible to

The fluid di spensing operation was control | ed
“Eﬂf‘ﬁ%‘ﬁ“ﬂ‘bmt‘lﬁ’é‘e@‘&t@%ﬁn@%@/éloélﬁéﬁ?PPﬁganéﬁHerEWB%Ffﬂl@d%em

val ve using a fast- speed sol enoid. [0049] In order for

m cJ o- .alvetod L ver , ressure

186 o, eBlent i B £ i o e oG e pgucompassng such
verdekivrs, madificatiaps iandedterndiivie smpodissits; witldn fhie epigidnd atopevefSthe invention as
hQrEiBé’feF'&Qg@é’ a small venturi punp driven with a 60-psi

supply of nitrogen gas, with the nitrogen gas being

the diluent gas for the diluted product gas m xture.

The turbul ence created in the high-to-Iow pressure

interface of the venturi punp provided the necessary

m xi ng of the neat gas and the diluent gas.
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[0050] FIG 2 illustrates the vacuum pressure |evels
that were achi eved using the venturi punp, wth the
essure being shown as a function of
¥ﬁ@y%g%2ﬁ%lom1rate As an illustrative exanplglr}{g‘%04‘!0091'68
flow of nitrogen gas at 4,standard liters per mnute
(slpm at 60 psi (equivalemt CLAIMSS8 sl pm at 14.7 psi)
produced a vacuum of 250 torr. The pressure
differential between the inlet of the micro- valve (at
Wha is daimpd isnd t he outl et of the micro-valve (at 250
torr) was adequate to produce the desired gas flow
[ 0051] The resulting carbon tetrafl uoride/nitrogen gas
Moy dtenefondelivérnb i didid geek, tampkivigz:i N | i ne gas anal yzers.
The first analyzer was a conmercially avail abl e
Fourier TransformInfrared (FT-1R) spectroneter. The
seconglagesgA0akezer was an infrared photoneter
i ncl udi ng a broadband infrared (IR |ight source and
a dual channel filtered thernopile detector. [0052] In
t he one filter elenment was enployed to
bIocEH$??ﬂ¥%§é%ergy except for the region where the
active species (carbon tetrafluoride) absorbed Iight.
The secopd filter elegent in th hot onet er fllter
out &R HR¥-RErRgdeKict T Cifeeneng ety Biive Bt 7o ow
raté; a regi on where no conmon materials absorbed light,
t hereby enabling the second filter elenent to be
enpl oyed for reference signal purposes. This

p hot QpRligS de%@lrﬁﬂée‘d% Rifx aBtive gggﬂ'c@n &b Qc,rt@@ b8 Eourderihé@ls\disﬂﬁlsed
nmovj ng provj

nal og
abfaefwﬁc%ereawa?d i fawebyc%maérﬂom?tﬁwg g‘f"“f% éﬂ@éﬁ?% dgform a
d1ftkdetiveldds MGy 088718 PCTI US2004/ 009168 [0053] FI G
3 shows the tine-dependent signals fromthe 1R
photoneter and FT-1R analyzer with changing CF4
del i y &foitdr %%?ged Winbdgurk Renchlradi® o &H\?&I dgaW%S 0 dilfted active gas

del ayed nature due to conputational duration
IR R fesrpner ihpdjusieheees flpwansipripedevicado porirplien dipersio rate of

tHelBNe(as sACRLMBNE RaBtermiRalcoiBRRAREES defveCdan Nhd) Giluted active
conditions. [0054] FIG 3 also illustrates the utility
& "mcro valve for controlling the delivery rate

of small flows of the active gas. For exanple, a
concentration of 100 parts per mllion by volune

2( Bemepptewf of taim ple pwheteinibie gep H‘?‘Y aetegag dewiss AompYiss 3ripasy flow
cOoll@r responded to delivery of 0.7 standard cubic
centineters per mnute (seem) of CF4. Smaller flow
rates are achi evabl e by reducing the pressure inside

L M B L SEUE (Sl RSB i
sopestaad the mpmqu; pu@ whereirthewass ﬂe‘a icptiimoBariisotispetsd yrethggas flow
ride | R photoneter, generated by conparing the FT-IR

4, The system of claim 1, wherein the monitor comprises an in-line gas analyzer.

5. The system of claim 1, wherein the monitor comprises a gas analyzer in a bypass gas flow

loop.
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calibrated signal to the reference signal fromthe IR

photoneter. [0056] The foregoing exanple illustrates
“&n@ lLicty of the invention in delivering s

ra gﬁ&h%@ an active gas, as m xed, neasured a g&n&&&ﬂﬁmqms

dynam cally controlled using a sinple f eedback | oop 3
G dhoewtenant eaial §zehereim the gag ew fthavwingwipeed eepcigIpone tow

LRRBEL il ﬁmw,? bbiY B gﬁ,ﬁucg%ﬁ%uga%ﬁﬂo@ e Sorihdive to

rence speci spects eat ures

%fFYPe&#’é goncwatmm thaél tﬂ@@s@m EPTRPIX{RA PVith e cpfmpé ﬁsqabwmg
tl'aﬁsnﬁﬁHd fohf® thasdTifIb® Coontdler koS m‘éﬂlﬂﬁ@ el Sk %oinﬂ thereof to achieve a
| tatjon in nunerou er,..va I ONS,
R P DS SR P e AR et B
Accordingly, the invention is intended to be broadly
construed as enconpaSS|ng such varlatlons
bR PRt ef elnm hrychersin e g flowanciaris dpvreromprisay ¢ Apvipesplected

ol thé gro@mnﬁs&aa 8 s ?Jgg%d?fli%lﬁfrb}_l MR- Aves BRHABIB & URPensing low

| ai me 4
f@&‘ﬁt GefiP @6%%)‘6% &Wﬁt"e FE e ﬁ‘é’%ﬂ“ﬁnﬁtefs coppled wifhflgy gptrol
vale¢si very of dilute gases, conprising: an active gas
source; a diluent gas source; a gas flow netering
device for dispensing of the active gas at a
SPTIRAPkR dTcaR8l1, WHeMiniR{aBtive Bad Hodebd @il B3Lk Siveak 8NBRAUokdRion.
m x active gas fromthe active gas source that is
di spensed at said predeternmined flow rate by the gas
d’hf%‘é%sg% c%rc aﬂlgl Qﬁ]\é%seﬁﬁhex% eggagéotngg ngr%i%é rs sgo?%ggqﬁlgde &spensmg
Vﬁﬁ%h@ﬁ@g@@ﬁ%@ﬁsﬁatlon of active gas in the diluted
active gas mxture, and responsively adjust.the gas
flownetering device, to control the dispensing rate
10 The sjrenadftolaite 9gaisreinthe gaestoddgaian disgersigeiesseintonigids a physical

oncent rati on actlve gas |n %e di.lL uted activ
a sorb?n% medm.Ei sorpﬁvefly re Sa%nmr% O hécli‘leagtrl]vet%g'seis d%sorb%gl Yor

-dfspﬁtwngrnﬁamwg@mxh@@sscbnprl ses a mass flow
controller.

11. The system of claim 9, wherein the gas storage and dispensing vessel contains an interiorly
disposed regulator for dispensing of active gas from the vessel at a pressure determined by set .

point of the regulator.

12. The system of claim 1, wherein the mixing device comprises a device selected from the
group consisting of venturis, static mixers, pumps, compressors, rotary mixers, ejectors,

eductors, and opposed jet-equipped mixing chambers.
- 13, The system of claim 1, wherein the mixing device comprises a venturi.

14. The system of claim 1, wherein the monitor comprises a gas monitoring device selected

from the group consisting of spectrometric, chromatographic, colorimetric, surface acoustic

wave (SAW), photonic and flame icnizer gas monitors,

13
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3. The systemof claim2, further conprising a gas
flow line interconnecting the neat active gas source

i Xi ng device, and wherein the mass f
W@?ﬂ?‘f!@ﬁ@ i s disposed in the gas flow Iine. IP%W@H@‘WO”“

systemof claim1, wherein the nonitor conprises an

150The $ySterl @B cla@fl, ¥hekin R mohit6r BMBliREN Bburled BlafBiokn-Infrared (FT-
erein the nonitor conprises a gas analyzer in a
A% Y4 as flow |oop. 12 WD 2004/ 088718

PCT/ US2004/ 009168 6. The system of claim 1, wherein

the gas flow nmetering device conprises a mass fl ow

o Rterptames! clagp & whewindhsinanger comprisgs AR abiEerteo produce

an out put control signal correlative to sensed active

gas concentration in the diluted active gas m xture,

Vii The sy$tem obeleimol, whergin die tmmitorgomprisans RourieeTratsortniefrasigET-

1R} QW8P 04 bRk hoaRgul ate the set point thereof to

achi eve a predé?ern1ned constant active gas

concentration in the diluted active gas m xture. 7.

oo eaihshin Loty byt do Bt o tha e

consi sting of nmass flow controllers, mcro-valves
actuatabl e for dispensing low flow rates of active,
1§adhe pystsin: ofeclaimt 18y avheysis sYigupdidple garampnitgting devicss cofusise g2
i¥nftdting ldOMEeS RN QldiffeMid 346 SonceBiratibl CenbidiSinbdmigf Cl aim 1,
wherein the active gas source conprises active gas in
neat condition. 9. The systemof claim1, wherein the

Cil v ) ' i : st or: .
A e e U, SATPR A8 SRS R bR 0fes gqmprie e
mopiqrisgdeyices hayinga gama gaepoatentratie seysine wedsiige and

di spensi ng vessel contains a physical adsorbent

medi um sorptively retaining actjve gas, and fro i ch
Zhe W“@‘Béf% i%és&‘g‘@’dc‘F@Pgm%Ps‘iﬂlétﬁsagW@ B ‘%%’%“ie\fggcﬁ"g%" fhe
chrmedtediwith adiiss attive gk mixthve-vsyshdhyof claim 9, wherein

the gas storage and di spensi ng vessel contains an
interiorly disposed regul ator for dispensing of

23chhe spstegmef datorRlt Weeraje s diluta bctize prseuisureausiha tiestlity eranpribeg a
sofbondR®r Man@cnlfigplgoul ator. 12. The system of claim

1, ereln the m xing device conprises a device

sel ected fromthe group consisting of venturis,

281 Bel systbbh X0 lchim 20 PEerei GRNeARSMubtor m@luddciiriid ¥RAScomprises a
d%hgﬁtg$skhmg%yctors, and opposed j et-equi pped m xi ng

g on unit.

24. The system of claim 1, wherein the monitor comprises multiple gas monitoring devices and

a signal processor unit, each of the multiple gas monitoring devices generates an oufput

correlative of concentration of active gas in the diluted active gas mixture, and each such output
is transmitied fo the signal processor unit for processing, and the signal processor umit is
arranged to transmit a control signal derivative of the outputs of the muliiple gas monitoring

devices to responsively adjust the gas flow metering device, to control the dispensing rate of

_ the neat active gas, and maintain the predetermined concentration of active gas in the diluted

active gas mixfure. -
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13. The systemof claim1, wherein the m xing device
conprises a venturi. 14. The systemof claim1,
' he nonitor conprises a gas nonitorin ﬁg ice
w@%%é@#sgafs fromthe group consisting of spectr % Fqulz(&o’Moomss
chrqomat ographic, colorinetric, surface acoustic wave
I5SAWY systeiraif @hire 24 Nthefelnath® sigmah poedssog asit idlnddsar mocedsdig \Wvice

5%89% 5%t %{oﬁgénﬂ%no%éo ARG eikats, P SYthC MRproBlel

ereln or ¢C
W@@mﬁ@hﬁemmﬂpmwcqnmrﬂ R) gas anal yzer. 16. The
systemof claim1l, wherein the nonitor conprises an IR
photoneter. 17. The systemof claim 1, wherein the
260 Mhd gistemostidiig €S caplkod i dibtted TacavesSao mibxthizifecding del{tiodship to a

nal n IR photometer. 18. The system

S(%&c?:&giﬁ?ﬁa%ﬂ%u%ﬁmmé ﬂ}nﬁe noni tor conprises nmultiple gas
noni t ori ng devi ces. 19 The system of claim 18,
wherein said nultip S npnitoring devices conpris
Zalhe sySRT 6 FlRiY2Y é‘ﬂ}i‘f’f&‘é ghewcwuﬁoww@ﬁw gty amprizes an
chatics Ripopddpeyitics pRSdshghithodal i ty. 20. The system of
claim 18, wherein said nultiple gas nonitoring devices
conprise gas nonitoring devices having a sane gas
2‘80‘['}&%9&&1@51* QBm9NFileRch ADLRYA fa¥ corgﬂnsesTJ‘s%ul%é’ 8981 ¥r forming a
claiml, further conprising a dilute active gas
dapapt BPESSi schar ge line connected with a dilute active
gas mxture-using facility. 22. The system of claim
21, wherein the dilute active gas m xture-using
20 aielsysiepn af sirpn 28 erdergin theespireconaterizt eomprises ahpdride selegigd from the
ﬁuﬁ@&nmsl%%oflgﬁe,iﬂ %ﬂ@aﬁ& eﬁhﬁ'ﬂem 22, wherein the
sem conduct or nanu acturl ng plant conprises a
chem cal vapor deposition unit. 24. The system of

n t he I conprises
sl ristn] B s g G e srae e R P SR from
tlef srevipeonsisling @il rétragers arpom ihelow, rig keyeikinc oy emen elekss, ydrogen,
] on of active gas in

ot%tgg Jnfnlﬁ%g’ofﬁ g%%%dyg&sggm%ag?%m{g%d each such out put

is transm tted to the si gnal processor unit for

r ceSS|n he, sj rocessor unit is arranged

S P el LM ea g 4 ST PP i e S A
tefgrdup eorﬁhdlﬁglqﬁhﬁing&&ciﬁ[gﬁseﬁ ﬁﬂlbﬁlgnes.d evices to

responsi vely adjust the gas flow netering device, to

control the dispensing rate of the neat active gas,

3BNGhe AR a4 amﬁafsq m&&&@hﬁ raERvR @ek £ QRERA fh kR ddb caelstingCof

gas in the dil uted
arsine, phosphine, germane, SiHCl;, SiF,, SiH;Cl,, and mixtures of two or more of the

foregoing,
33. The system of claim 1, wherein the diluent gas source comprises a diluent gas selected from
the group consisting of H,, Ny, O,, argon, helium, and mixtures of twe or more of the

- foregoing.

34. The system of claim 1, wherein the active gas source comprises an active gas including

carbon tetrafluoride.
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active gas m xture. 14 WD 2004/088718
PCT/ 1JS2004/ 009168 25. The system of cl ai m 24,

' he signal processor unit includes a
“@Q@%@@@F g device selected fromthe group coﬁ§¥§#?ﬂ5mmnﬁs
of conparator circuits, bridge circuits, 3
30, Thaogystan 6B 3, wigteth thqgas flova nbliilgelegied @iplisepalnfttsenlve,
conmputers. 26. The systemof claim1, coupled in
diluted active gas m xture-feeding relationship to a
32 Thé BRAMr il R HeRM i mBhelREEd doinprised § ventEardiMBd S low-
of clﬂkg} 26, where|n the sem conduct or manuf act rln%ﬂle

PERmE; '

% BHBTFS Asvallfi 2t pdrmmiciod Hpapesifics &pyen thepalve an
pnodess unit. 28. The system of claim 27, wherein the
active gas conprises a source material for formng a
dopant species. 29. The system of claim 28, wherein

IR PR BEIER Lo dthte GRTRLMSRIga hydride selected from
the group consisting of arsine, phosphine and

germane. 30. The systemof claim1, wherein the
dilu%g%tggﬁmﬁg%k%e conprises a diluent gas sel ected
from the group consisting of nitrogen, argon, helium
air, krypton, xenon, xenon halides, hydrogen, oxygen,
amoni @, apd,gaseous organonetal lic conpounds. 31. The
systéﬁ#ﬂ?ﬁ%m%%ﬁﬁ$, wherein the active gas source
conprises an active gas selected from the group

consi sting of hydrides, acid gases and boranes. 32.

The gybidefiavometeding] deyigfor dispensinenoftthreneatcactiveesag alsa predetermined
welget ed fromthe group consisting of ' arsine,
phosphi ne, germane, SiHC13, SiF4, SiH2Cl2, and

m xtures of two or nore of the foregoing. 33. The
systemof claiml1 erein_the.dil.uen S rce .
o redee ol tometf Rt dr e PG The diEe B fime tat i
desomsidstt sadpredetrined\iw Bie by dredflui fldveinetenmg davick, witi dilweluid
1@forch WRiNRE LR mikilie; anfy OF €901 Ng.  34. The system of
claim 1, wherein the active gas source conprises an
active gas including carbon tetrafluoride. 15 WD

2004%911%18& o]f%rraal('g:-eré tLoJS Igegs%e/ c%gc?e%‘ga ion of active fluid in the diluted active fluid

mixture, and responsively adjust the fluid flow-metering device, to control the dispensing rate
of the active fluid, and maintain a predetermined concentration of active fluid in the diluted

aciive fluid mixture,
38. The system of claim 37, wherein the active fluid source comprises liquid as the active fluid.

39. The system of claim 38, wherein the active fluid source comprises a semiconductor process

gas as the active fluid.
40. A method for delivery of dilute gas, comprising:

providing an active gas source and a diluent gas source;
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35. The systemof claim1, wherein the gas flow
nmetering device conprises a mcro-valve. 36. The

Wftﬁ]f/@s‘?{s claim1, wherein the m xing devi.ce gﬁ;ﬁﬂ%@@%wlﬁs

venturt and the gas flow netering device c
a valve and a restricted flow orifice between the
val veconnellably dispensing astive 528 FromAhesactiveegms fawrcecied predateymintd flow
gid ute fluid, conprising: an active fluid source; a
diTuent fluid source; a fluid flownetering device for
di spensing of the neat active gas at a predeterrri ned

flow rate; evice arran
{1 ot PR e st of SV e ehF B8 e it Blrappines
fow st ditlpdileld perfrriniediifitnd wssatres, oyorthalilhtedidotive dagwmixture; and
nmetering device, with diluent fluid to forma diluted
active fluid mxture; and a nonitor arranged to
meas uﬁ@?tle@rgc edatdn@ition mfoﬁcua& tehy/ &n frhe Hﬂiftécﬁ a%dv@ gdi |1ﬁkﬁ£é and
active u re onsively adjust t

Sl et B e o 5 BEEEY B o R p i Crgined
quategiratiof of dotiveaad in the dildied wtiveadmixtiralt ai N a

predet erm ned concentration of active fluid in the
diluted active fluid mxture. 38. The system of claim

437'[11%&1‘1@' df clalde4R %érm el steg & a@luamly%ﬂaﬁng Betive bRWoRlprises
[agv#?ctlveflu % sst of cl arm 38,
M the @AY gasit A ngﬁ;p” ses a
sem conduct or process gas as the active flui d 40. A

met hod for delivery of dilute gas, conprising
‘Br e ia?t\#gi of laise 40, Wlergin shesprnitorngasive camptisey Ravengfhe dilute active

VR HR4LOR87AS PCT/ US2004/ 009168

cont roI I ab%hy di spensing active gas fromthe active gas
source at a predeterm ned flow rate; mxing active gas

r ' r ensed .at said
700 A UG AU 5 b ] REIE)  Pporves
neﬁdul@m figraof dhsuacties, gas ovifhon mass dow wpmllac topdy the ga@ltormg step

cBinistd fowind e AR dcB¥d RO nEARE @:E‘Mgﬁ“aﬂ ANin@ asaagi‘tllﬁépf Stubdlan

the diluyted active gas m xture, responsi ve
onigt fopte] gisnd omglative frseprsd aalve 2ay cctnlsr@tﬁ@atm thetdilyigd give gas
niiEudPdnd thRhdmitdngdihe daireT signded the mass flow controller to modulate set point
thereof to achieve a predetermined constant active gas concentration in the diluted active gas

mixture.

44. The method of claim 40, wherein the step of confrollably dispensing active gas comprises
modulating flow of the active gas with a device selected from the group consisting of mass
flow controllers, micro-valves actuatable for dispensing low flow rates of active gas from the

active gas source, and flowmeters coupled with flow control valves.

45, The method of claim 40, wherein the active gas source comprises active gas in neat

condifion,

46. The method of claim 40, wherein the active gas source comprises a gas storage and

dispensing vessel holding the active gas.
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concentration of active gas in the diluted active gas
m xture. 41. The nethod of claim40, wherein the step
of controllably dispensing active gas conprises
W88y f1ow of the active gas with a nass PCTGj2004/009168
controller. 42. The method of claim40, wherein the

AN IThé Mbthof STaBPAG; GHGRE 8 Bad dWieR8d difjRndlichidsa c@ﬂﬁ{tiﬁé_/raﬁphysical )

s.mxture thro an in-line gas anal yzer. 43. e
ket ms?ﬁmeﬁ%?‘r%e%%% el 255 il Eom bl sxtish et fespipy for
disrspenpsif agivags frvm thgasssddonpr i ses  nodul ating fl ow of
the active gas with a mass flow controller, and the
nonitoring step conprises flowng the dilute active

GASTHE Al &f thi® ug Nwideih Ml 23 BtRRS B0 AUsYhShy Vs BRMEE an
ignal. correlative to sensed active

. output control s
lexiorR RN, RGN oh PRESEE | GBthoatet | 1700 RV Rt frsure
detegiminedrysetippint af ghetrépplapont rol si gnal to the nass fl ow
controller to nodulate set point thereof to achieve a
predet erm ned constant active gas concentration in the

49, The @Ekh@CAficl@n 96 Swhefinthé! hsingdep cORBrRE A RfiveCiadinih the
4§m wher ei n égfﬁ%tgf of coqtrollably dLspen51n% active
G &3 pgToe SRt dilurnh &7 T g dlpegheas SOw e Uit RPRIg Jevic selgcted
feongl éhei greups einsigting bf fventimnis hﬁfitg ke, GOAGS, gfrhﬂl?;s@i, 10RH5 mixers,
1 -val ves actuat abl e for
%ﬁ@%%%@?ﬁ%%héﬁﬁ??%&%%%?B%’%%mﬁgﬁﬁég&gas fromthe

active gas source, and flowreters coupled with flow
ontrol, val ves. 45. The nethod of claim40, wherein
hetepgthadeof glaun 40, prhersin A RiNngsier Semprises g aptiveceas from the

acibiecat sorve adddilubitepasrabiiate difuest! gaé FOudS, usﬁh@%f@giﬁri tréiving the

i.ye Qurce conprises a gas storage an

a%%éﬁéﬁ%?ﬁ%dégéﬁ%T hol di ng the active gas. 17 WO

2004/ 088718 PCT/ US2004/ 009168 47. The nethod of claim
46, wherein the gas storage and di spensing vessel )

StoeaPAod-ef sl i4&a‘l"hefe“h8’§ GROBEPHLE Pisa Wil Grase mpaifgjing device

Sfjlﬁﬁﬁi ﬂ'k;dng ﬂlfe&g@dub:jb_ens@ﬁﬁg pﬁé}ﬁci{o&@ﬂitcy\ﬂir&ﬁht@& ﬁiM,eco?ﬁ&eﬁﬁ, surface
esor.be spensing.of active gas fromthe

T R @é%ﬁ?ggo?fgfrﬁﬂﬂ%fm&eﬁgaﬁﬁnﬁ%fo erein the gas
storage and di spensing vessel contains an interiorly

di sposed regul ator for dispensing of active gas from

5% Hie etbiakef clfm 40, yihersia iheamondfaningstep tlipeny Fawser Trerisformdifrared

(RThR) paadiabor . 49. The nmethod of claim 40, wherein the
m xi ng step conprises mxing active gas from'the

l@)]e}}

53. The method of claim 40, wherein the monitoring step utilizes an IR photorneter.

54. The method of claim 40, wherein the monitoring step utilizes a Fourier Transform-Infrared

(FT-IR) gas analyzer and an IR photometer.

55. The method of claim 40, wherein the monitoring step utilizes multiple gas monitoring

devices.

56. The method of claim 55, wherein said multiple gas monitoring devices comprise gas

monitoring devices having a differing gas conceniration sensing modality.
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active gas source and diluent gas fromthe diluent gas
source, using a mxing device selected fromthe group

conS|st|ng of venturis, static mxers, punps,
/B84 s, rotary nixers, ejectors, educt oP§T/US3pP4/009168

opposed jet-equi pped m Xing chanbers. 50. The nethod

6F. The hdMot Qs LSS WhehddE sl XiuR1eSEes Prdn RSk | E6Ses HodbA8 gas
active gas fr mthe active gas source and di | uent gas
a

PP ferRg I vigEs| aﬁ@?ﬂ”@%‘%g%mcefér WErGeoddivt uri recei vi ng
the active gas and the diluent gas. 51. The nethod of

e nonitokin zes.

5t et Bl e il B Rt s R e
@ﬂws$®umﬁmwmﬁm&ﬁwﬁmchronatograph|c colorlnetrlc,
surface acoustic wave (SAW, photonic and flane
Loni zer gas nonitors. 52. The nethod of claim40,
Yoh ke mefedof clim 5%, gtheisi the dinteachivy soe gxuregtiRg fagility comprises 2
smavasduotominiftai®Glan FT- | R) gas anal yzer. 53. The
nmet hod of claim40, wherein the nonitoring step
utilizes an IR photoneter. 54. The nethod of claim 40,
§h 8hemathodef ¢diwmi 0 whergin Seepmicbaductzemamfdeoring plant comprises an
A (FT-1R) gas analyzer and an IR
pwofgﬁé(yhéﬂé&ﬂ Tﬁe nmet hod of claim40, wherein the
nmonitoring step utilizes nultiple gas nonitoring

eyj ces 6. ,The o hod cl.ai.m 55, erein said
Hotb BeogShonBic SPARG GevruBurt gibpies GubnS B moniorin
depingstaod k signall pretes®s utif each@f decmfltipdy gam grogitsing devices generates an

B R0 pEOa T R Ul bl e AR e o

oyspintis frepsmitipd to thpesignkorricesserivnt fad expresting, ewie fignel Rpepsssor unitis

dofaiell & ﬂra{ﬁgmgﬁ%lfﬁ%ﬁm diQatRe §§fl§€ oﬁ?ﬁ% i&ig:?fn ﬁlg%a ﬁ?ﬁfl?onétﬁnng

céen5|n g%g The net hod
BRI WﬁS*quY “ﬁb“-h? BRs Tler metering device logseutral thet digpgnsing raje of
thH nedt Rtiveagt, ial® m@iakmthepredefrittifiéd\@néeddtion b actitdgas The diluted
t hod .of cla|n158 wherein the dilute active gas
XU es using facility conprises a sem conductor
nanufacturlng pl ant. 60. The nethod of claimb59,
mhereln t he sem conduct or manufacturing pl ant

62 ohsripetiod of flaing f iWhergin thepignal mapresor tliubwcluﬁiﬁSta preggssinglgvice
sETRitdA@rbnOthe ﬁb@l cﬂhs’fs@ng Wb@ﬁaﬁdrﬁoﬂd&@mﬁ%"dﬁ@&iﬂcﬂ@ dic@Processors, and

pyc}g{'ammal I egenera pu?poge c%?n?)utrerrom toring

ctlve

63. The method of cldim 40, comprising flowing dilated active gas mixture to a semiconductor

manufacturing facility,

64. The method of claim 63, wherein the semiconductor manufacturing facility comprises a

chemical vapor deposition process unit,

65. The method of claim 64, wherein the active gas comprises a source material for forming a

dopant species.
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devi ces and a signal processor unit, each of the
mul tiple gas nonitoring devices generates an out put

0 i,ve of concentration of active gas in
“@)l{oééﬁ‘l’esgldgct ive gas m xture, and each such oulPip"E'ﬁ]SF%WO"gms
transmtted to the signal processor unit for
p6. dtemethaipf claintss, Whersih G durde HAGEASORPrittd 4 hydSde sSledt@l R the

Qud rngg§;nr;i,§fa%. gontr g] sid%gal derivative of the outputs
PRRE murtipre e noMesTRy  devices to
responsi vely adjust the gas flow netering device, to
%pg%rol ng 9Lspensing rate of the neat active gas,
hdherethedet flaim A0avhsrsi B Afuseteat eNEcR AerARTispsondilypnt gag selpated
fias ﬂ:ael’l_grbheiﬁbit\t}hng &ﬂ_nitﬂigéhﬂ, \é%oﬂalﬁlliﬁﬂ.‘l,xﬁl‘,l k@yptod 2 xendh Exeli®E Hididles,
aim rein the signal processor unit

%ifﬂ%ﬁnd oe’gg%’ %?%%@% S psequT omeéaélg’&f’i“%cam%r om the group
consi sting of conparator circuits, bridge circuits,

m croprocessors, and _programmabl e general purpose
o Aputethed of slaim 4 whersin ey agsive g3sEPHPAPmPEERH PR Pfivp ges sclected
i BigurtdohdidtiBglof§liniaes; 20@ BastlaXid bred. 0 @ Sem conduct or
manufacturing facility. 64. The nmethod of claim 63,
wherei n the sem conductor manufacturing facility

0 Y . e uni t. ..
GO TROERS ot ol e i BB RSB B 3R g of
EHep Phosehiney sapiance Siie e¥ilua SiHEh, g mixfes0f opxrmore of the
fopgiiges. 19 WO 2004/ 088718 PCTI US2004/ 009168 66. The

met hod of claim 65, wherein the source materia
conprises a hydride selected fromthe group
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ROTRORO: Plinhe (e IIOSRCH. B8 B0 SERARAS aifichy gl Wit
fophipe Bwas consigting 9€ Fe, Mpa Oz Sedondiclium, ahd sriterbeofgve gp more of the
feregpieSt i ng of nitrogen, argon, helium air, krypton,
xenon, xenon halides, hydrogen, oxygen, ammoni a, and
gaseous organonetal lic conpounds. 68. The nethod of

PEY i tiv as source conprises .an ..
78 e el oIS uh My BEWhE ATSuS MRS BTR S B Rhcine
cphentptepinoridaci d gases and boranes. 69. The nethod of

cl ai m 40, wherein the active gas is selected fromthe
~group consisting of arsine, phosphine, germane,
75 THE hidthoSiof-dlaimSIO-Rkdrddn fRMkekp BF ¥dntibIRSlyQfispbsp QELIVEREELHEH the

' f ' 70. t hod. of ,cl .40,
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metstigaderice comprising a micro-valve.

73. The method of claim 40, wherein the mixing step comprises flowing active gas from the
active gas source and diluent gas from the diluent gas source to a venturi, and the step of
controllably dispensing active gas from the active gas source at a predetermined flow rate
comprises flow of active gas through a gas flow metering device comprising a valve and a

restricted flow orifice between the valve and the venturi.
74. A method for delivery of dilute fluid, comprising;

providing an active fluid source and a diluent fluid source;
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fromthe group consisting of H2, N2, 02, argon,
helium and m xtures of two or nore of the foregoing.
T thod of claim 40, wherein the activ

“é%ﬁrc@ﬁconprlses an active gas including car‘éﬁ'&’ﬁ@':‘?Sﬂ]04"009168
tetraflugride. 72. The method of c¢laim40, wherein the
step GF @%W¥ﬁé?@@mgyﬁdp§bdd§mn@ca&hmuﬁmgaﬁméﬁﬁﬁb&h&mmmmi
fdeviawe gas source at a predetermined flow rate
conprises flow of active gas through a gas flow

nmet eri ng device conprising a mcro-valve. 73. The

nmet h t he xi.ng step conprises

T ongnaig adi il hom AIEHE hid sited et i Hhosisptt e pregpermines
| ’iﬁ@ﬂ‘flﬂlgjé]éenfi ﬂ@iﬁﬁpm&ediﬂbﬂnmtld gare, 30k & dil@edhcM@Tldhixture;
@a8d the step of controllably dispensing active gas
fromthe active gas source at a predeterm ned fl ow

rate conprises fl ow of active gas through a gas fl ow
net e r S|n val ve nd a restricted

fl owﬁé’??"f’ﬁg ofEpiaal f RS i sy e stigey i mgpuce pand
THReNSelY fadiustie | they dispensife witel aftiiee fdtive ﬂuld,Cbeﬁiiilt&h NOpredetermined
cPicaMiatibn T a@tie BEH in'ife dilutdl Lo .a diluent fluid
source; 20 e Rl e Sl SO RARS 10016
control | ably di spensing active fluid fromthe active
fluid source at a predetermned flowrate; m xing
active fluid fromthe active fluid source that is

di spensed at said predetermned flowrate, with
diluent fluid fromthe diluent fluid source, to forma
diluted active fluid mxture; and nonitoring
concentration of active fluid in the diluted active
fluid mxture, and responsively adjusting the

di spensing rate of the active fluid, to maintain a
predeterm ned concentration of active fluid in the
diluted active fluid mxture. 21
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