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(2) when gas supply vessels are changed out as they are exhausted, the active gas-consuming
process may need to be re-qualified, since the concentration of active gas supplied from a
freshly installed gas supply vessel may be different from the concentration dispensed
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(3) in addition to deficiency (2), the gas concentration of the active gas dispensed from any

given gas supply vessel is fixed by the gas supply vessel manufacturer, and there is no
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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

[0008] 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 to 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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[0018] The present invention is based on the discovery of a highly efficient and cost-éffective
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 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.

[0019] In a specific embodiment, as hereinafter described in greater detail, the gas flow metering

device comprises a mass flow controller in a gas flow line interconnecting the neat active gas source
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mixing device can for example comprise a venturi, static mixer, pump, compressor, rotary mixer,

ejector, eductor, opposed jet-equipped mixing chamber, or other device, structure or assembly that

effects mixing of the neat active gas and the diluent gas to produce the diluted active gas mixture.

[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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diluted active gas m xture discharge |ine, or disposed
[@037]s anpihe aajaseay inghedikiedes @prrhea'me@@gﬂw inﬁ@itlofa%rl hpgferpsititable type,

dgﬁen&iﬁk e %et‘iﬁg At ﬁmeegag Mrgﬂsmg process for which the diluted active gas

mixture is to be provided. The gas can for example be a gas that is a source material for forming a

dopant or trace reagent species, for manufacturing of semiconductor products. The gas alternatively
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.



[0024] The nonitor can include one or nultiple

nmoni toring devices or conponents, as desired in a
w@raeissIppl i cati on of the invention. In instanke€rUstes/en9168

mul tipl e nonitor devices are enpl oyed, to provide

i n a dlffere ens| ied, and
W@Ena?@‘ g‘glﬁt&ll BEUYE S8 eac qg %rﬁcgssg%%?% c%%éondﬁl% vatiee, ane can
variosiytiwhide (dakial preesses (e@o Miponwhapotdepasitign)empdied]l diagnpsjigs, research
m‘ggtlggttb%s Ca &ﬁﬂtdr a@ga&so Refthedt BEMAGLdy R HOBB el rid18cal hedapbuBagents,

m Xturé can be processed to provide an

etCaverage or corrected output signal <correlative to the

concentration of the active gas in the diluted active
[0@3} rie e 002 %%yﬂ% nal é%édro ge%g’r%ﬁ)}r}%y ﬁx@lﬂde 8 m:%le component
dlmhﬁtcomlsasmbmg ammbab muitlfopmmsts dulhfelt Foesplations. véﬂuétmﬂm pf Potentlally
suﬁabgengllku%nt asds 18 s ea%%ﬁc%&on?%'tﬁeoﬁh&ﬁorg QM GR8SeR  argon, helium, air,

onent < Acco 0 a suitable al gorithm or

krn@qmmnam,mgma ﬂlalplps@ bg}gqulé oKYEER RENIopia, agd gasgous, Bﬂgi}mnetalhc compounds,
aSignal correlative of the concentration of the active

gas in the diluted active gas m xture. Alternatively,

t he signal processing can be carried out by a
[063Brpar Réforkin@iiowhio ittdbgieavdigs,0g. 1 is 2 whawatiprepeesstm of gdiute &is supply

Sy%f)rﬁﬁg iuﬁxg%lé”ﬂela ac%ve %‘zji)s s&frceolg Wﬁlclp&%f:@ﬁé&&ple E&nﬂ%r&\!é Hd8uid storage

r Ia
arfl| dmmemgressnlgsuqlew e econvsntipnpj lighepresae @é%Fthé@Ffa{’éta?t%a“@j%}E 2 sub-
atfg%gééﬁ prrégu'ré:’éhs 'dﬁpéngﬁ% sttt €6, ofethd fy}!@dﬂﬂ&ecmn)@ B ®itent 5,518,528 to

preferred enbodi ment,
. sof i P G ROPOR Pioe Qe oy, B Gtrgpof v
hedéby bRR@nchippatedh&&inibsRirente ibiel fspeBivataietioat ent
Application No. 10/140,848, having a United States
filing date of May 8, 2002, which is hereby
[00311(} 0 r pOhereechciierses soudoy/ 1% tpfisonayrvomprise 2 ivessel equnppd with/a valyg bead 50,

Wnd ot Xéﬁérx% ﬁy e@t MM] aﬁoé;{fe?r%l trJg@th%Fn esridedaf Bﬁﬁc@ dflow control
|at|on t stream a

elﬁm@ﬁ(ﬁbo pid eﬂlerefoéﬁqné?nalr @8‘@0%‘!%“3( ﬁlémf““%?‘ r dPedalvadradt "%boﬁ"‘n contain

cbdibnad BN SEHSISIaRB (bt M’@hc&xh@la‘l@%y a&&mpﬂﬁel abiugtbrg meaillustrated, or
correl ative of con

alfepnativply l@'aaéx agtg%trc Vaﬁlﬁﬁ?r%r%ﬁeir e.g., F?I’pél]eué?a};\% Iac t 020? gfé%r%? 55%?15@ valve
ad@eperent, is output to a control neans arranged to
receive the output of the thernopile detector and to
responsively control one or nore process conditions in
[0982]/ or Thé fest tacting gal souresy 82 dgreouplsd 2t |clovede 2ag W, gorpg@iqafion with

dfs?ﬁrgg hihdHaha acs's' ﬁ% Yon@¥Hd: @Gr&gfoséd"ﬂﬁ:rduﬂ Vg His@iﬁrg@ #fe TAQlownstream
SU|ta pe, depenl

offh o Exvo i 468 MDA BR U g scBDu ROk Feton fdnducing

16 bEicthe M toh Rond@scharpd ldeUs etd the thatud tevennirded. The gas

can for exanple be a gas that is a source material for
formng a dopant or trace reagent species, for

mm]uf act dilentgasoburse?fi is prodidest io thepydaiu endsarramyyd toydigeharge diluting gas

ee% 1{11!:}}/1%!1})/ opti6s H# glclkage dhb e CBIQFOHH‘S% véturd 18 for flow therethrough

é} I 'on “stan , a sterilant for use bel ow

ahrbisghaten ome bpEEEiNBEedA coTRves ig-linggas gnalyger 2P AKESF or

nano- concentrati on chem cal reactions, for preparation

f Iow concentr
[(?034] © Tgl:lg ng-l?net ga?tmlla?yzer 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



i nut ageni ¢ agent sanples, for research and testing
pur poses, etc. 6 WD 2004/088718 PCT/ US2004/ 009168
w( 2®20%87The di |l uted active gas m xture-usi ng pPODESH04/009168
can be correspondingly varied, and can variously
aﬂégr%rlﬁ%sx ﬂnn ?E ashdrd Cf?énsﬁfarf%&:tﬁi %12 I&eg %@m’rhélg 2@& ﬁ@vlz to' @R Bdream gas-using
pqom?samtu 38.6t4-@n spitazigl ey faenhmor pilies agrEiconglicins pipesss toglor inigllation.
body with dilute radiol ogical therapeutic agents,

etc. [0029] The djl ent c n be of. an U|tabl
B35, | i SeaPonra B SR b 5 a8-10F PR cfp o dpted in s

trﬁiisinliﬁbﬁ luﬁaﬂmﬁasﬁ flonsontrakr Y& whichgesponditely- it one Rite of the neat active
&8 m# %aréega ueﬁt I gggxf»éeéll t!) lrt]h%:vtszétgrti ?g?or %glut ?g% ?EO%L%!S tlyefpu%dﬁct gas for
downgeqatniweh are nitrogen, argon, hellun1 air, krypton,
xenon, xenon hal i des, hydrogen, oxygen, annnnia and

seous organ0|netaII|c conmpounds, etc 0030]
O%é?]er r IhepeREN fept {IRR7 EPIFRRTRYRD) apifvg gastls fligpeyse cfl}‘?gh‘ﬁt‘t gas source 12
uﬁcﬁcﬂﬁcﬁ&@@ﬁr@tm Qbhtﬁlﬁmg'imﬁkb 35} % eorglaﬂeraﬂm}ihgh opSisi @todttd] the dehvery rate

éas &%ﬁlrea néggn%é u¥a$e8 = rstg rnéa éas in ’d1 VY%I%@ I?mg?X 1sgm1xed with the
dnhemg ghs ssreah flagedafrano dilnsing gamatllrcehzﬂgwomlewmeto gastun 18. In licu of a
v§h¥L|rf cﬂ:gi% a%@w@el shélf a{%% E&ﬁ% oy or&uﬁly t\?ntha(ﬁ %ﬁm @ htatic IB{Xgls §a‘ﬂ lafernatively

S, Spe Sin pe di scl Ose I n
b@ﬁrsolowétw 5 diige 5wlfhothe cHigngs Wwv@?ﬂm gitother migRg deyies provides
n?ﬁsﬁ?ﬁ;re@su@&@ﬁfc@%ﬁalta@robsq@é ks R Gontllerall6, to FIB® the active gas through the

C

Ty Pl el BRI PP ST LPE T Bt PR e e st

gashad ﬂﬂaﬂfng g6} is Yiewglis liscdrtc ehe Iiklitelpasanalyyer 6 iheic Sencentration of active
ga\llselg % |$ast ! Vkeu%olg gete nﬁn%d %d\/l%!;]&/ g&glvég gﬁzneﬁé tﬁ*&%ol s%ﬁal transmitted

cou Xt er regul at or
iy elstlalutmn@dsswm Iﬁnec@ fd e m@mttamfer @hiseisnt ¥id) theameps dloe pontroller

r&g&gl@éﬁ bé?r&arhodtdagﬁvb}‘;ﬂhg Edhkbl Yon 818 IER4sS or dbRGasY @1|e ¥&ivh Eédlehvery rate
can _contaln a _ ‘conventional flow control

al v

tq priisee (el EBRdrGICamr eomPUalcaR ot SEfiF R By Hne 28
floktdis tHe@b@ithtreadi procdstugit B@t i vel y by an automatic val ve
controller, e.g., a pneumatic actuator, or electrical
sol enoi d valve actuator, etc. [0032] The neat active
[9aF soUihedn-liR gas mucpﬂaedyzen 2@ cosegraggalsy friyowitable mode of operation,

I Vi
ERTPY T Epn Ylthord SEIRIR, IRl A RS bA e
MYBBEr daner efcomhléatwasﬁ P Sy TBGROF SPahemodes of SPeEipgy kg determine
cbiRent@RSnHE hetil S gas W thélgas Bkt B diliried RE OV € tRHoSvdGchrd Basfuling process.
i nducing flow of neat active gas fromdischarge |ine
14 into the throat of the venturi. [0033] A dil uent
[@a8] soufi aevadflioh Sf ireqyrow@ssdiust Rledchiveds ynswiarh thaniflutargasmipge monitor
tQ discha

commprises AL l%gm%i &(y rtﬂerﬁgocgsééystem 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 control signal correlative of
the concentration of the active gas in the bypass loop and such output 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 to the mass flow controller 16.



in line 22, which may optionally include a nmass flow

controller, to venturi 18 for flow therethrough and
wale@alsa7ge fromthe venturi in line 24 contai NPEIYUS2004/009168

in-1ine gas analyzer 26 therein. [0034] The in-line

yz é&h'scnSt cted and ran edto
ngﬂe ?‘é %jil pelr,ltvar(l:aolﬂ r?)%ile sggalrrl] glesc?ﬂg i ca 2 \t/hee C}%'U 4?} can also be

aigapgaie tep@tiiraptly oeiveneonepotratipe ogtag signaltiin ne2 fiene the gxline monitor 26,

w‘ﬁ&rgl%arﬂ@ %%Agl%gxg E%tn rcgﬂd%aﬂcﬁemonzcor\@g n?tggﬁé 958438 are processed in CPU 46

PCT/US2 anal yzer fromline 24 and di spensed
and yed toreeneaid Yailaw comrgl Fﬂglllﬁl Het is fransgitted inpHignaptrassiery @g 4f o the

R &SFtokSdoREbl1efN60 BYSGchlbiftbiigeBbht, tBs §stem & arRidetl &*Xpr&lesglwe \8brentration-

faciljt her se condu pr . o
squmdt i PO e FOETRIohACEREL L GH St ndlt dBmstisg monior
ofyating bl ian@manakifzent @éniioging madeityl intrelatidnnto sing rcmther, to enhance the

fal 6, which
oo BBPIL R ool BulBaso A CAN ChRELED, W o
in dlscharge I|ne 14 that is flowed to the venturi 10

[doé] di Iyt bQRe bR PrREkRE] Edﬂ%e%@x@“ﬁttabﬂb’i@pef chludmg for example, in the

ownstream use. [0036] In o g 8 neat, ;
<356 AESEPBAIP IO 118%)-?8 G5 5% aa @& &g ?f?l&?np Oé%fil S ggmane, etc.),
a0 uhee (4.2, SiHUO Sth,s Silh{am@e bbramee, did doihtieg Bhsag fmgh fdngywnductor
ml(,:algv?'t%cr’ag%llg %%p'lllcéa%%nesa Qluc(i)ep Q}Earené lrotm%gl%e%o%at{w “t% g}%gllfe% %%r, ¥Iz, Ny, O2)
or g¢reic gBet (e gaggqnnheéimscdnéﬂgélk@l ne 14 is mixed with the
diluting gas stream fl owed from d| I ut| ng gas source 20
through line 22 to venturi eu of a vent

[Pl ce It willhevpognizsdtpat g@nlgﬁlemgﬁo&ls Slustrtivgly SWH)Vl@rreference to
dh‘\ﬁvte@Qi# Hilde &b Qﬂeb@s fleXiBentiol & aldl atrefidbRttod Yedilvaty obilerdlspf rogt@tls in the

utin S th.the active gas. The
llﬂ‘é‘ﬂ Pltﬁsef lng?dugtaﬂ @?ﬁvﬁg%?%éf a‘(’]‘}('g °3 EonsenBe %\C}} “des necessary
pressure differential across the nass flow controller
@(ﬁZ]t 0 f Qfﬁ gl %{é&dg}{&edgtﬂ'ﬁ tf'ub 191ltkgﬁu1& ng‘ﬁo lyf Ayg’c%(b'f%%%nggn can be
e overa stem The resutl m xed
opergedand empre(d tﬁwpalgnam ralifyeof agihve sneciesgas el af mtpieﬁdopants
gas) is flowed in line 24 to the in-line gas anal yzer
26, where concentration. of in the.gas
B Lr 5% o reg el s BEupE of B Rl iy e cnhanced when
ﬂgﬂa&\t‘eé‘gaesohhe isaanb-atalospheriprgas sdurcanehiat thes of tha afragrationed Tom, et al
an&@nsmts errhsl ine 32 to the mass transfer controller,
A% hé Wass f1 ow control | er responsi vely being
nodul ated by the control signal to increase or

[61R%] eafjl%alg he AekhtVifvedash, 88 VitME oY ufilBig a fell-tRghd aﬁ\ﬁﬁ)nﬂ&%rowdes a

desire I'luted active tggs concentration
CEmtinbeus Eeagteioy e gas anTFfnes thFrebYiepsuipgrecopant ﬁli“&%éaﬂvf g7 pRentration In
RO dr ddeRIe RELHRESe, iNédntraOto t[l@QiﬁVe]ntla'ﬂ’aEmbﬂiodsIdBSBrﬂgaﬂ&arher herein in

0 er .26 _can .o an itable a
ﬂgctr)}ga(;j‘%% u&? gtlﬁé/ Iznv?rﬁlgx? i?a 1Oﬁxd1 %gﬁ: &Hé %é:gvy as ¢ 0%1 tlon% v1atesl¥r)om a set point
valoecit qonimts:gtya,l iseseig dtonoibé easi rednityr, to &@@gtg{m %s-mgmutgoieylppgto increase or
dteggarsg%% acti %‘s EQJ% gate tg'irﬁmtamorfxe &s%%c%ﬁ&nvaﬁg two or

nmore of suc rmde operation, to determ ne

[0045] The features and advantages of the invention are more fully shown by the following non-

limiting example.

[0046] EXAMPLE 1



concentration of active gas in the gas m xture as
diluted for flow to the downstream gas-usi ng process.

WO 0®383%87k a vari ation of the process just desPCT/bsaN4/009168
in which the dilute gas m xture nonitor conprises

[dOQ?]l i n%t]ﬂ?l@% B%{rst%@ of hxtlaet)é&aﬁ%?\gr?ut I ?GStle HeC @ratlon of the invention was

ernati ve add lzé a pass or
dgn@eméqdr\@éamarbe@ Eﬁtﬁaﬂf@rl%l (i) asakeeac@fer gasi rlge sﬁlve gas Source was a sub-

airrﬂ)ts;%é&&ﬁ&@&& WVAGE 2B Soud v‘é&s&lhcdﬁﬂﬁlﬂr&ﬂfy a3§1a@18 Qroﬁlm nc., Danbury,
oi ni N
Crb Siner wlioe B PR o P P81t AP 5P SO T —

sotherrconcentrati on of the active gas in the bypass | oop

and such output control signal is transmtted by

signal transmssion line 44 to the central process;%g

(@Bl ( @Pefpasaes dopprusing mtierp-vpyoropassiehly thagep sopepe vepsel ik gapable of
dRNRGRSSEB nlilGte LR GEREE AL (U, & S0k frk 35w kéne&u%nmmres desired.

transmts a correspondin processed s in

T8¢ Gid 1dispensings PRCEEPDH Y2 ?%3&% b glias ﬁ]ﬁ&e gﬁ“ Yiiye opening and closing a
valoism@ la lfRt-spddd.sol8ndD 2004/ 088718 PCT/ US2004/ 009168

[0039] As a still further variation of the system

descri bed above, the CPU 46 can also be arranged to

[@¢Pic ur Me prderyfor e eiiopevatsric deliveragas.crpressirp differshtigh bgtween the inlet and

ol 6t fﬂg Vgl{}é)mst r@fm’e@ ThiD Bre BRI difRkendf swas WRSTIEDYy L Ié‘lﬁall ventun pump
Si na s fromb concentrati.on- nDnltorln g%@lto

¥ V98 agPesisrpbe sdeTr Rt A NIRRT SRR GUAR e A aitted
ptaldt adsyniiel! TR tubligna kreﬁt&aﬁl tHeSighft@ S Présbuelinteffacgiofhakenturi pump

tran ssion |line flow control |l er 16.
PRy §‘gtg]ﬁne§FSFaé¥16‘8%r?? the b P‘ﬁa@gag %C{tg%?ﬁem #r anged to process

two concentration- sensing signals fromthe

[&g{)]r es H@@di 1ﬂ%trgigﬂhg Qe{cﬁung ?re?sﬁg lg?zgl’s tfat Jere ac\ﬂletvgh &sﬁx the venturl pump,
respective nonrtors atin fy a sane or
m@ﬁhetvesaquﬁlgormlpqutg;ﬁh@w Fel iaichiono déue@h@tr%ﬁ%ﬂ% rmte 45 an illustative

%W[Q Bow Bitanttr@@rf%brs Mst@@ﬂd lieds b@’bl{lll’lﬂté (lﬁélpﬁlﬁ att66|0 PsiGeyivaient to 7.8 slpm
nal. sen 0] contr er
Sl s i the e {w Conrall el e, TOREL T, i

valR€ (atEhiongr)fand the watlepbfahe hidrotvake (at Zﬁi)etom)fwas eddqooanc potdoce the desired
rQcess usage, gases such as hydrides (e.g., arsine,

ﬁhosphlne germane, etc.), acid gases (e.g., SiHC13,

Si F4, SiH2Cl12), boranes, etc. Diluting gases for such

(631 conrgly gsﬁ{mg dAROM feﬁgﬂdéﬁ&eﬂgtrc%@rpéds Glth O REs HBEuLAAGH WelEin-line gas
for exanpl e, hononucl ear di atQm Cc specjes

e.
angyzei2) The st anehifcr Vgadeemparcylly axigin Forsr &E?H?f"’é‘hg%rﬁrﬁ% (FT-IR)
spdcl¢@eter] QO dekorldt gavvhulalyzdrawas aﬁﬂgﬂ’ﬁjea @hotbrxadr itdiding ot Hieadband infrared

AV ap el R BT R et i Ton i € also

anmenable to delivery of blends of materials in the

[bdsg]“' d iy Ial%?)ﬁot&) (?éruixiﬁggel‘aeﬁbnéﬁtt\i’ag %ml)l'o I p18fKk Eiil Iﬁ%ﬁér%qe&tcept for the

concentration. e recognlze ha .
regife veietedliecacieuspagics (¢pipy tesafiupide) SForbdishin JEROON TbighFiegent in the
pRBShHareleRd Gukil ﬁ(‘&ﬁ@gyt \Qlthstlll@ @kdéptibnﬂif W Rkrb¥ Yoaftf atdCtch¥R where no

SPES) Shteridls Hsorvdh Rt Berdly SUTRE B SORIMiS
common materials sorbed ght, thereby enabling t e sec ter 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 (CF.).

10



[0043] The safety advantages of utilizing the system
of the present invention are enhanced when the active
WwW@a®4mgRTIEEe i S a sub-atnospheric gas source supdiI/ES2004/009168
those of the aforenentioned Tom et al and Vﬂng, et
[@dSS pﬁteeig S3 }Ilolglgghe]ntnn héjepénd%nlg es1gr[1)alse§§nr1] t’[heI 1% %n om%{rc]% a -IR analyzer
voﬂ;n@hanmm §Fnéds'myerat¢s Whie gusFHB(tsmn@l wesh ef @b@}elayed nature due to
c@rﬁﬁh’e[tnﬂ'ag d@aﬁdﬁ%sto@igt‘éd dih We Qe RUeLVE 1BaAR HOBREBL fr&dide@Nccurate and
the delivered dilute gas mxture, in contrast to
ffshﬁs%ﬁﬁ%%ﬁg&ﬁé@qﬁ‘é’%ods described earlier herein in
t he Background of the Invention section hereof. If

[@0%%!' ve Fgg c O%ts lllls[)tr;[ aﬁlglou%htg/e atn%?rpfvzlg? r1%01( ca q}oll{% the dehvery rate of
strall flves afcthe vaivgass nEdreximge, dewneeatration ph &:Qoemste pc;rrmlhon by volume
@g@ B, JeP Gaialdl 148 Va%' élﬁ/r?réfﬁ %&esgald@aatorueme@y sfmev standard

concentrat| n features "and

calki¢ aﬁlttlalgfe@ pst it (sepvRof (G5 amallepbipw rﬁte% Py aglexaple by reducing the
p?égﬁlref i8dideQMd Ve by iltlotdingRGlofXadiikien bdhbdid Ble EXAVPIEVdlve and the

\é\? 2004/ 088718 PCT/ U82004/ 009168 [0047] Uilizing a

o of WFVEHTt he type shown in FIG 1, the operation of
the invention was denpnstrated wth carbon

af l.yar

[é(%ﬂ: ce It,f\g Af s(ﬁgws( q:ﬂ'gr?t?o% cmgoﬁﬁe Ikxvg%tglﬁ&er %7%%? @fﬁ}’ c\éﬁlpgglﬁ the FT-IR
Cslémqf@élgndé(s@? fe@é@ﬁ?ﬁé@@i Eﬁm tye MP‘IO@B‘FTE: from ATM, Inc.
Danbury, CT) equipped with an internal gas regulator
for constant delivery pressure_of carbon tet afluorlg%owrates

[9356] 5o0the Sqrti:gomF G@g@}e 11-}1ﬁgat§sé]ge Wby ofithe wyentien jpylelvering sma

dffaf raemaéay &s Gﬁiﬁé&l&@ﬂeﬁ{reﬂ del hﬁqagﬁﬁll}s G)c_iﬂrﬁl&bd\/lﬁﬁlgei_ simpld feedback loop

%Pab Gnalyze 83 as owrxgett Tin mﬁ E)rrlwlnl Iliter per mnute

bfe S\ﬁarnﬁ{laey rta8 produce el gf \}\)l concentration m Xxtures
‘desired. The fluid dispensing operation was

G(QG]I r Ol\k]ﬁﬁa tpé’m\"i’EQhHlsﬁals Q&nh&@nﬂe@h&mﬁ?fwltﬂ %f&&c@&%ﬂécﬁﬁ a gts features

cI03|ng val ve using a fast-speed, sol enojd. [004
andh egbodanentsoit Will be reeegnized, thpt the ngengien is\net tha%gmlteéi but 1s susceptible to

iRpBSSIHen Binlieoa tilicalarfdnvyeenifitiBnd, Mdelterdafle ebtidin@hts Of
e valve was required. This pressure differential was

provi ded by a small venturi punp driven with a 60-psi

[8a58p! y Adcomdintly ohe mvg@dn isvntehdeihte baibtaadiy ennsgasl dsesnepgnpassing such
ol S len835, BlepblR dbitthafh, REAHSLOEE oY bEhEinventon o
leysinefidr gleinedf t he venturi punp prOV|ded t he necessary

m xi ng of the neat gas and the diluent gas. [0050]

FIG 2 illustrates the vacuum pressure |evels that

wer e achi eved using the venturi punp,

11



with the vacuum pressure being shown as a function of

diluent nitrogen flowrate. As an illustrative
wex@npsssis a fl ow of nitrogen gas at 4 standar dPCT/U82084/009168

per mnute (slpm at 60 psi (equivalent to 7.8 slpm

at 14.7 psi) produced a 250 torr. The

pressure differenti al beﬁggg# Sinlet of the mcro-

val ve (at 500 torr) and the outlet of the m cro-valve
Wil iseRPndgqLr) was adequate to produce the desired gas

. ] The resulting carbon

tetrafluoride/nitrogen gas m xture was introduced to

two jin-line gas ,..analyzers. .The first analyzer was a
16%ﬂﬁgpgﬁggﬁ§g5%g@?%%f%“ﬁ%55%% Transform I nfrared

(FT-IR) spectroneter. The second gas anal yzer was an

i nfrared photoneter including a broadband infrared

(| R) angchiteteas¥dicee and a dual channel filtered

thernopil e detector. [0052] In the photoneter, one

filter element was enployed to block all IR energy

exceplilukgzat doerce;r egi on where the active species

(carbon tetrafluoride) absorbed |light. The second

filter element in the photoneter filtered out all IR

ener g¥asWidwhmtthiagaxaepior alpedfingfofnas fotive brand a atedaermbgil dlow

where no comon nmaterials absorbed |ight, thereby
"Habl i ng the second filter el enent to be enployed for

ref erence signal purposes. This photoneter systemis

of a sinple character, involving no moving parts, and

pr ov i BédngAsvigraareppd & B AFHVE BTN hoRrhre 835 SQuFRg that is dispensed
2€ QRCRBeleRhih QNI rate s BE bds TBwIBGeringfidice, ith Whient gas to form a

004/ 088718. PCT/ US2004/ 009168 [0053] FIG 3 shows the

dlnpAc i BHYRATS 8%nal s from the | R photoneter and

FT-I R anal yzer w th changing CF4 delivery rates.

Wiile the FT-1R signal was of a del ayed nature due to

C o & mpRitas rREANEEd R RPAS e SRRsERTAUAeef ARiYenees fetherilytpd active gas
i @Mle CRd resfbRsildy RRE QOB Gbw RicRYih d@slicaas thhablehadighensing Sdte of

response to changi ng, conditions. .[0054]. Fl G ) .
the opier 24 RS MRRE A Rf?c}e{eg}mmd SPRET LY Bt e e B acive
geonikfuel | i ng the delivery rate of small flows of the
active gas. For exanple, a concentration of 100 parts
per mllion by volume (ppnmv) of CF4 per standard

2 ThEkysRET of AL £ ikldtiMhe Qhs Mew GRS ROAseebnipbsed @l hMe Mdw
of O.% standard cubic centineters per mnute (sccn
gtrofers  Smaller flow rates are achi evabl e by reducing
the pressure inside the valve, or by introducing a
flow restriction between the outlet of the valve and

3t Hee systevh of claith 2t frehey eonenyising a py @9 B lingintsreonnesiig iRy ngat active gas
sGbd Rf e BB SHNKE, 88 whdi8n hBnRQAHABA RN ler 18 BEREALE the BY flow
conparing the FT-1R calibrated signal to the
lingf er ence signal fromthe IR photoneter.

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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[ 0056] The foregoing exanple illustrates the utility

of the invention in delivering small flow rates of an
Ww@eaoswes7gms, as m xed, neasured and dynamni cal | BCT/US2004/009168

controlled using a sinple feedback | oop between an

63@1%: %/Et? H ofi‘r};?jmrg 19 %elfe Cﬁ{\é g%t I?oer Rte e&ﬂ:ﬁer eFI[xsgso ;Hass flow

e invention descr
conigrplier,cnd éhetropngiprelsing; agarggcb @Cnrgducef @a@qﬁw@ gontrghgignal correlatlve to

st Qgivg%&t c%ncehﬁan\% l | theb(ﬁlufe@ eTelala Qﬁixﬁlféa&mﬁ ﬂﬁ@ cdnBYEsnhIWing
is not thus limted ﬂﬁ is sug @Flble

trpnsitiedrdt e e Sl SRS US B SrSF%P‘?”E)tn%‘ere"f to achieve a

pidBitirhine@don Q48 actiadghs adrk@irtriohiiviie ditdpdattive Rissnixfuz058]
Accordingly, the invention is intended to be broadly
construed as enconpassi ng such variations,

7 nﬁfz's&ét&ﬁgf A0S 2ledh MR ARkbY eheRABOEUIVIVE REMRpristd J JHvi@e tdMRted

spirit and scope of the invention as he reln?
Fiph 41T RSP SIS O AP PETPO200% OOU BB LT Spfensing low
164 AV f Whint gdsTronl Bé HEBite a8 soulce, MdSsiertsiconpldeliihvimycontol
%llute gases, conprising: an active gas source; a
Fuent gas source; a gas flow netering device for
di spensing of the active gas at a predeternined flow
rate; a mxing device arranged to m x active, gas from
8+ Fhe sygom of ela@ag wheEin e aptyS €25 SQUrER COPRTSBRlIvEgas Wiy condition.
predeterm ned flow rate by the gas flow netering
device, with diluent gas to forma diluted active gas
9rfihe systees ofalatin & whersint oy ackiyersaygeide tapupriesa g gesstorage and dispensing

v&gﬁﬁgﬁgéﬁgg Do gk active gas in the diluted active gas
m xt ure, and responsively adjust the gas flow netering

device, to control the dispensing rate of the active

lgalﬁnle egspealacga :laﬁn ;,]\ghegeiup Ex? det gr me gg"cp dis %Hscl‘:ner%'n\;e%sglt C!Ogta.lﬁé) Il ;r]ﬁ/smal
adsptre medfumciorpitinelyl yetaivtiner aetlw dab em@ femfvihinly antisteegas isglesorbed for

dg@%%@ﬁ%ﬁﬁﬁ &ﬁﬁﬁ& e?§é§ flow controller. 3. The

alm ther conprising a gas flow line
i nt erconnecti ng the neat active gas source and the

m_xi ng _devi ce, erein the IMBss f.l ow controller is
l&iﬁlﬁ 88@31 qf ﬁlalnh% wglglgmf SRRy storage an ispensing vessel contains an mtenoﬂy
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 ionizer gas monitors.
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line. 4. The systemof claim1, wherein the nonitor

conprises an in-line gas analyzer. 5. The system of
W@ b@it/88r18 wherei n the nonitor conprises a gas BOEHUY264/009168

in a bypass gas flow [oop. 12 WO 2004/ 088718

PCT/ US2004/ 009168 6. The system of ¢l aim.1, wherei

1 e FEE AN WhSRFY R P SRS SRR IFRSLRPd (T
IR)gat analykeer , and the nonitor being arranged to produce
an out put control signal correlative to sensed active
gas concentration in the diluted active gas m xture,
19108 sylsRB o2 013k Qwh&kif B kmobigr Benpridsan spiotedidiet. 0 t he mass
flow controller to nodulate the set point thereof to
achieve a predeterm ned constant active gas
1%%%% 'ieqiﬂ-)f Min'1Nw é?fgriﬁ{lle \Iﬂﬁhﬁoq C }%r s¥&: Bfidel réﬁ%ﬁﬁ—inf%red (FT-
The systemof clfaim 1, erein e gas ?IOM/neterlng
IR)eaps walyess apt dndB ghejorgfésyi ce sel ected from the group
consi sting of nmass flow controllers, mcro-valves
actuatable for dispensing low flow rates of active
1g.aB3e bystem df bleinal; trhstein §@ Snogitu casyrisasmthitiplosmrabstosingdeuioése d
with flow control valves. 8. The system of claiml1,
wherein the active gas source conprises active gas in
19e8te §0BHI 4l @hm 189 whdBiB B ShiPIO basChétlitdtidy ddvRed Eduiprikd) as
active gas source_conprises a gas st orage. and
PG EESPRGS hay e Sitiores & FRECPHECASTFHE™EREY- 10. The
systemof claim9, wherein the gas storage and

di spensi ng vessel contains a physical adsorbent .
2felicusystsnr it dlaim| A8, mierein rskid gridnld g gemtoring devices AIIST Fas
n¥akdg d8ASs has,mg%%gﬁekg%ﬂc&%uatféh shehshemigf active gas
fromthe vessel. 11. The systemof claim9, wherein

the gas storage and di spensi ng vessel contains an
21 NTieY §yeteyof dHispiQ S@ther egupkisih® b dilote adiiepgR shikgreofischarge line

active gas.fromthe vessel. af .a pressure determ ned by
C@%F“aﬁggﬁvh%%agﬁgg%éﬁﬁ %?8?gﬁT§W'The system of cl aim

1, wherein the mxing device conprises a device
2§eh§cs ﬁgn t)f Qi iﬂ,ewhé}giﬁ) UR RORSLRE 'gEkgrnﬁfure\ll%ﬂltgHﬁéﬂ% comprises a

Statit m xers, pungﬁ, conmpressors, rotary m xers,
sepisendpftey mangAHEgPEIt and opposed | et - equi pped ni xi ng
chanbers. 13. The systemof claim1l, wherein the

1 XI ng device .copprises venturi. 14. .The. system of.
200 SRR G 2 RUSTH 1% SR oRIT Eautaplag bt Sprises o
chomicdl eapondgpebiiion ogit.sel ect ed

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 output
correlative of concentration of active gas in the diluted active gas mixture, and each such output
is transmitted to the signal processor unit for processing, and the signal processor unit is
arranged to transmit a conirol signal derivative of the outputs of the multiple 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 mixture.
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fromthe group consisting of spectronetric,
chromat ographic, colorinetric, surface acoustic wave
w@ 3apss7phot oni ¢ and fl ame ionizer gas nonit or BCT/LS2004009168
2004/ 088718 PCT/ US2004/ 009168 15. The system of claim
,~wherei n.the nitor .conpr,.se Four | . .

2 IR ATTNET i PapodCr 2 e R fiithonfleg o proggssing devce
selgetet] domahe growpi comsistingwfepraparatar leizcuite it gereirewivpnirroprgcessars] |Rd
pREQLAIRE Eéneraﬂ;]npoy'b%m%}{@&.?m of claim1, wherein the

noni tor conprises a Fourier TransformlInfrared (FT-

IR) gas analyzer and an IR photoneter. 18. The system

f..claiml. wherein.the Ltor _conprise | :

2o SiThgr 0T Loethioh RRs sfbe SRR EPRedg HRbREAS o
sspiemdiator smnwladtnuing fapllie. gas noni t ori ng devi ces conpri se
gas nonitoring devices having a differing gas
concentration sensing nodality. 20. The system of
2¢.| Brie yslédn oMIAMEI6N wERdikl thesérhitqald 6ot @ asanietiing fhdilfy da@nire@Sn
cO I se gas.. nonitoring devices having a same gas
c%egﬁn%LW?ra[gPoéﬁm%%rﬂ%elsshlﬁm'nodaI ity. 21. The system of
claim1, further conprising a dilute active gas

m xture di scharge line connected with a dilute active
28akhe gysienyeteslaing P%gvhr«lﬁ@i the aefjve g comppiges pypepresgpriat fog fqrping a
dgélallt#fi&t%.ei n the dilute active gas m xture-using
facility conprises a sem conductor manufacturing
plant. 23. The system of claim 22, wherein the

25 Sl G o Rim R OMELAG oG At colBHE b firidélselected from the
chemcal vapor deposition unit. 24. The system of

gedup Popsisting\ o arpiag. phosphanegpthgsrmBieconpri ses nul ti pl e gas
nonitoring devices and a signal processor unit, each
of the multiple gas nonitoring devices generates an
30.Ulhp wistemoid claizl B iwiherein dfe dd@ntgmtqueck comprisés agidtiny gas gdestel from

m i . e,

gl it Aol 35, Tty 68 1oBA8, SAGE kAR Rthogen,
ORYSSBABWIOPig, and srequmergapwpfallic gpewdlsor unit is arranged
to transmt a control signal derivative of the outputs
of the nmultiple gas nonitoring devices to

31 SRP OyssinV Iciaina bl whsteinttivencij@ad doone ermipeisds g addies gas eglected from
contraol the di Sj t he neat active gas,
ﬂ%fr%o uﬁﬁ?nﬁfsglllgho% idgﬁ%f "l‘ecg%tagee?‘a-rﬁ(%lr‘?gI Concentration of gct ive
gas in the diluted active gas m xture. 14

32. The system of claim 31, wherein the active gas is selected from the group consisting of
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,, N,, O,, argon, helium, and mixtures of two 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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WD 2004/ 088718 PCT/ US2004/ 009168 25. The system of
claim 24, wherein the signal processor unit includes a
wpe@emsTisg device selected fromthe group coPGI/BES1004009168

of conparator circuits, bridge circuits,

S8 SBERST AR 08 BLORIATITRL £ SS 0SB YR,
diluted active gas m xture-feeding relationship to a
sem conduct or manufacturing facility, 27. The system
361 The syitem oleclaimy e agrein the aniEBg ficvish GoreRtises mesntrised ﬁ’F igagflow-
nfe@ihd Héviee CORPYiseS € FaldNandChRpiicad fvaREficediRp@sh tHeORlve and the
Joracess unit. 28. The system of claim 27, wherein the
acttve gas conprises a source material for formng a
dopant species. 29. The system of claim28, wherein

the source material conprises a hydride selected from

3 HesystgpdrgleleiSf dits b fouprisinge,  phosphi ne and

germane. 30. The systemof claim1, wherein the

di l uent gas source conprises a diluent gas sel ected

f r omun achies fipidsopregonsi sting of nitrogen, argon, helium
air, krypton, xenon, xenon halides, hydrogen, oxygen,
amoni a, and gaseous organonetal lic conpounds. 31. The
syst eameht feidbmresl, wherein the active gas source
conprises an active gas selected from the group

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

The §¥1§hma&lngldwu%]for m%ﬁsﬁfgrbf hﬁ%eﬁ(‘at:ﬁ%%agﬁsd ﬂrecdetermined
sel ected fromthe group consisting of : arsine,

flsWédphi ne, germane, Si HC13, SiF4, SiH2Cl2, and

m xtures of two or nore of the foregoing. 33. The
systemof claim1l, wherein the diluent gas source
conpeinsgisg devdiel arenged gasnis ebtoe tfmgll frororthe tdtige niduspurce that is

1S4 bk ' [ 108G hdi a8RE, XSt Sruia
OB LirBleckinpeMow oy BETAD Ao 4B, PG T
teforn prfliuted gpiive dpid ntirere: 8¢ i ve gas source conprises an
active gas including carbon tetrafluoride. 15 WO
2004/ 088718 PCT/ US2004/ 009168 35. The system of claim
1, whemneita atrimgedy@snchducavonehigation gf a6 hed mohgdilugd sctive fluid
nﬂ%t&xre,oafn}{ %sé&lsivé?l? ad't-llélf' fe ﬁXiﬁtfﬁw-xggterﬁ% Ly ,1[‘0 CX\A}I%[ fak ?sﬁejﬂgng rate
m xing device Conprises a venturt and the gas ow
of the active fluid, and maintain a predetermined concentration of active fluid in the diluted

active 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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net ering device conprises a valve and a restricted
floworifice between the valve and the venturi. 37. A
waymnesazior delivery of dilute fluid, conprisiPQI/USEN4/009168
active fluid source; a diluent fluid source; a fluid
flow, n of [
gas a(%ﬁ‘?rgﬁaﬁ) Iyntgsg?n%iﬁhlggwra ggs ntc' ﬁ’lg éivg gas sourgcbzg arlw?egl%tle%gﬁed\fﬁw
He;ranged to ni x active f|UId fron1the actlve fluid
source that is dispensed at said predeterm ned fl ow
rate by the fluid flow netering device, with dil uent
f 1 ui ehixigoactiar gis &ofli theudceick mtsd'mt& thitud dispehsed bt @id faeddtemined
ﬂ?ﬁ’%’c 1&%*11%%“%eg 1{1818 t IS so]?lz?:f[}%cgfg}nﬁng %1( el actlve% trhu\énelre and
responsi vel y adj ust the f|UId rom&neterlng device, to
control the dispensing rate of the active fluid, and
mai nPAPIPTES (SRR TYOh S YE oS et st Higied cAetivec €3Sy BIYTR gpd
résporkit@y dijlstih@the dBpenbivErafel dfitid HFhOliMeas, Bmailia@ aSy&leRAhined
BB e M5, L Bl Sy byl 9 source orpr oes
38, wherein the active fluid source conprises a
sem conduct or, process _gas as the active fluid. 40. A
Ahreths grpthod of daim 40 evipret tha SR, pleropfzrllably. dispspsiag 3efjve gas comprises
nfpa@indifloe obile adivd e wiR s melWlo®o@dlera di | uent gas
source; 16 WD 2004/088718 PCT/ US2004/ 009168
control | ably di spensing active gas fromthe active gas

43 Otlfe %ﬂﬁh o@clgﬁle@e%ﬁ‘&éﬁ e %ofnltcgﬂ’{g s&ﬁ%ﬁmpr&smo%g% dlM% active
gas fromthe active gas source that i's dispensed a

sesHpigtupstrgushap ipline &2 2pl%RF r ate, with dil uent gas from
the diluent gas source, to forma diluted active gas
m xture; and nonitoring concentration of active gas
43 rilhie eetha lofi¢l&ah @cwhevea'ar}‘ tha steppdoniradlabla di&pma’mﬁm gre kgmprises
nﬂ;qﬁlytﬁltgl e ()P fhe d&fcé\%e%}é W@ 4 g{ags ﬁ(gw tcg}ﬁroﬁcgagnda{ﬁ% 'nYo%it&ﬂ%' step
to marntal n ag}t etermne concentration of activ
copaRyispsflaviing thy dilvfecrgtivecses mistya Suqyply fruindine gap anafyrer ieprdiges an
o@tE)thJoﬂttdnsf%Qal ALY ﬂ) dehRd SttfP o8 con@Rtrstieh ik Miluted active gas
rrg}l(tg eenﬁ m?t%rtlgl t\{le c trol mgnnptg Ithseergass 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 controllably 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

condition.

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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nodul ating flow of the active gas wth a nmass flow
controller. 42. The nmethod of claim40, wherein the
WOrRiHNgR7i1g step conprises flowi ng the dil ute BCL/USM04/009168

gas m xture through an in-line gas anal yzer. 43. The

hod L ai m4Q, rein the step of controllably .
G iR g B etV s BolegSend onig FRGH el gptvsicl
afldobentonddingm sgmtively tebpimangmtwe dob,cmd dromtwindhl setive gamés debvebed for
PR Qb1 e ShEdm hOVRLL. ses flowing the dilute active
gas m xture through an in-1line gas anal yzer to produce
an output control signal correlative to sensed active

as, concentration in the diluted actiye gas mxture,
BT PAREet g nleslbr s SPgrar SReRBE s e
igegively glidpesed tregulatyd Ubradiepegeng pHasitve ghh épmothe tvesselciti & pessare
dBESHRLBY be P& oFAPRLARLy, act i ve gas concentration in the
diluted active gas m xture. 44. The method of claim
40, wherein the step of controllably di spensing active

conpr,i . dul ating flow of the active gas w.th
43 s redien o8 Faim B ™ Sy B GRSITp BRI SPTH 2B A Gom the
aftfve\gascromtecs ald| ddpent gavifionothy dlluestzan gttt wink @ nfiging device selected
' ' I es. .of [ a o

S b ol o Vet Pafl nEh, S Forkf BB, Moy v,
i EpRE regPelan PRikgposadet-epigpadutiBEChembess. ai m 40, wher ei n

the active gas source conprises active gas in neat

condition. 46. The nethod of claim40, wherein the
5.CThe\ngetigd ©f slaiur 40¢ whanip thesieging sgasosirdBésagRingactive gas from the

' ' ' . fl 7 .y
3 HFon 0T 8 CER ROk 0B Ve 4 e 3 e e
agte eaftend bf dilem@agas st orage and di spensing vesse

contai ns a physical adsorbent nmedi um sorptively
retaining active gas, and fromwhich active gas is
5tleBeriaichdfadrclaing U6 petrgim the afonAding \s&p qieikzef b @RE’ Mbgitoring device
sé’igc%‘e‘ﬁeljrdm ﬁ1§ o&P %org%{url] ng ]:ecn%l %%rlrc? él6dma 0 ear lgz:,nc&ohu%elgigs urface
storage and df spensithg vessel Cont arns an SrEerrer iy
aghuslis el SASYuihatowie arfddlamd ionfreress mepitofs. acti ve gas from
the vessel at a pressure determ ned by set point of
the regulator. 49. The nmethod of claim40, wherein the
52 Thie ngthsd effrlabo AR wWhsieia b MontgrirGteb Waligas FéuiionM b3 ®rm-Infrared

1o ' ource and diluent gas fromthe diluent gas
(ggﬁ?ég?gﬁg?ﬁg a m xi ng device selected fromthe group
consi sting of venturis, static mxers, punps,

ressors, rotary mxers,
5 g.Q[[i[lEmetiOd of cfaim 40, whe)éein the monitoring step utilizes an IR photometer.

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 concentration sensing modality.
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ej ectors, eductors, and opposed | et-equi pped m xi ng

chanbers. 50. The nethod of claim40, wherein the
WOrRoou887¢% ep conpri ses m xi hg active gas from PEEUS2004/009168

active gas source and diluent gas fromthe diluent gas

Fndhipidne Gul 5P RCTHES S Broiefe g Ran arurRe o

ridniorivg dévices havl)g 8 bay® gas ¢oncenergion saysisg mdalityor i ng devi ce

sel ected fromthe group consisting of spectronetric,
chromat ographic, colorinetric, surface acoustic wave
58 Shgmethedeftcsim ¢0, élﬁ@lelfqoalﬁ@ngé}wz@ﬁhegidste AOE ga5myxtuggo a dilute
a&k\,@gmﬁmg_u@mgﬁblﬁtym 40, wherein the nmonitoring step
utilizes a Fourier TransformlInfrared (FT-1R) gas

anal yzer. 53. The nethod of claim 40, wherein the
SeDTietnmitiod @f slbieys58Ltvhdreid dge dilnte la&Rivp lyad wixeikewsing Fakility B@nprises a

wherein the nonitoring step
E{F&&%dewg)g 3 @url %?1 T ansforminfrared (FT-IR) gas
anal yzer and an | R photonmeter. 55. The method of claim

B 0TheEE Rl 37 e Sm&éﬂl fHa g;exﬁ&&ﬁuéﬂér' thdnf 8 &g ﬁléx@ |c@m;9ﬁ§s an
nonitorin devi ces. . The nethod of claimb
%’éi’f‘éi"aﬁo‘é‘gpcﬁﬁlﬁ’&ml fple gas nDnl toring devices conprl se
gas nonitoring devices having a differing gas
concentration sensing nodality. 18 WO 2004/088718
GPCTHeUSABE4¢ 0dn &8, wherein Theemenitoiingcstapf utibibesi multide gashraondtpuing

SRt ahiY E@ﬁi Sro@8dr RO AR OF RE nhifPieGES mERIRAE &RicBBSnerates an
moni tori ng devi ces_having a sane gas concentration

oY BRSPTYR YD Bfefrneyratignof aﬂrtrvé s the dilwed activgisas miturs gpdiepeysuch
oS rdbihiged to (ﬂw isfpgal phoRestlir hutiit for ﬁ;@tdséh% gﬂ&hdﬁgﬁhllﬁ@esfs& udlit is

TRRieHb & B Lo et TE o of el ghgRoniorig

dmw@ts tr ®spesdively ddaust the gag floonmetirme device, ®emtod tduiispersing rate of
tﬁgaﬂéytfa@we%é aieil ﬁluﬁt%l C}h Gé}edezgﬁl%néﬁectogc%gtra%gn 811 %{159 g@g in the diluted
wherern é sem conduct or manufacturing

agiyieprsing®yrean  cheni cal vapor deposition unit. 61. The
nmet hod of claim40, wherein the nonitoring step
utilizes nultiple gas nonitoring devices and a signal
6Rr Deessliond of olain 6 adhrenf the kignahprotesyot enig‘asludm Ripr@edsing device
eI AP hRSPor bR RO S Bl misprperegm o
pragxantable senqrdl mERole eoyphters.

63. The method of cldim 40, comprising flowing diluted 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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output is transmtted to the signal processor unit for
processi ng, and the signal processor unit is arranged

W 200808818811t a control signal derivative of theCDUSIO4/609168
of the nmultiple gas nonitoring devices to

onsively.adLust th as flow neterin [
o Aoy el Snerehnge Sige o FEiass & Rl 5o 0m e
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gas in the diluted active gas m xture. 62. The nethod
of claim61, wherein the signal processor unit
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manufacturing facility. 64. The nmethod of claim 63,
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conprises a source materi al for forni ng a dopant
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con$|st|ng of arsine, phosphine and germane. 67. The
RIS of claim 40, wherein the diluent gas source
conprises a diluent gas selected fromthe group

consi sting of nitrogen, argon, helium air, krypton,
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hydri des, acid gases and boranes. 69. The net hod of

cl ai m 40, wherein the active gas is selected fromthe
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the foregoing. 70. The nethod of claim40, wherein

t he dlluent gas source conprlses a diluent gas
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metering device 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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71. The nethod of claim40, wherein the active gas
source conprises an active gas including carbon
wao edopasd7wor i de. 72. The net hod of cl ai m 40, wheCEUS2005609168
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nmet hod of claim40, wherein the m xing step conprises
flowing active gas fromthe active gas source and
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nmetering device conprising a valve and a restricted
flow orifice between the valve and the venturi. 74. A
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fluid source at a predetermned flow rate; mxing
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 m xture; and nonitoring
concentration of active fluid in the diluted active
fluid mxture, and responsively adjusting the

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