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met hod for supplying dilute gases at predetern ned

c ANeRTIGAS RUEBNDINGAND BILETIONSY STEM FOR DISIVERY @F DILUTE GAS

duct RELATED
ART [0002) The S5 PERETRER R CONCPNTRA iGN (g2

variety of dilute gases in applications where the

source material is highly toxic or hazardous and the

active gas species is small. [0003] For

T HEHEHPN, apor  deposi tion doping of

ﬁﬂﬂt]aXI d]he fprelseai® idverdidh rrﬁ&essﬁtapﬁﬁatﬁaﬁﬂﬁneﬂﬁiddﬁr &ﬁ:p@[nﬁ'dilﬁte gases at
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filmfor doping thereof, froma dilute arsine/hydrogen

mommlrmm%gwmi ¢ doping application, a

ource ga ntent e.g., 50 parts per

0| ti on g’?lb Ppeondgior gdustry, peeh idg varistyead dilte BAs i peRyiestionsgvhere the
anideanseerial ickshly Btc Bt AW nd 1S U8R Betitd X W cRies ik BBall

flows of the dilute arsine starting material and the

di l uent hydrogen that is added thereto to formthe

10083| diFpuipdance chimie! gasr depositon dopdanoflepitaxih fitnd ﬂe@ﬂesbs;burce gases
SRR % LB HABLAO! b aSumal Oy GlurcLellR! g&segn BIRAIL 2rhic may be

i nal’ t'he vapor

tﬂ&eﬁuced[ memc@w@r Sinp §¢r dqpm ﬂprmﬁﬁm}l agifple @amh’ésir@eegas mixture, Tn
bﬁch ladsg@dldopig b icaBH a%ﬁgy%ag QF Io‘wrhgéﬁ&tcﬁﬂtel{t Qly, 58 %QJPJ ﬁéi' Bltion (ppm)

ive term used hereinafter
egfﬁ%lteé aiftfed “étfi g‘)’%&% SR aReTiag Bydenggn/arsing gop ma@w hEhe flows of
dle pﬂm argj@esstasgtipg aiated)l anduhddhlubttt aglirdeor ik madﬁecgﬁéietﬂw(ﬁ)ﬂﬂ{ tBe final dilute

? ation...[0O
W syl B P oS B R RY e 1Rk B monntof e
ilecdmisine & the ghordenosifonrteolgas i xtures (contai ni ng the
| ow- concentration active gas conponent) as the source
s medium as di spensed for use from high-pressure
@g Ul 5y pBraprallesteel 1%“‘%%53(: RPRCRF 4% WilizEd dn ghs seryiponderdqr sindustry for

S'Bbplgmg %acu&lga@(sychaﬁﬁf @G Nseh Bereihid®Rr {oQlkdi @MW gas component of interest,

48 LOTRR P S i SR R R SR G St S b

gas supply vessel s during the operatlon of the active

[@é\ﬁsj Conﬁtﬂﬁtrbgte Bf“ﬁlﬁlte éé)shl llﬁzﬁf%s rg meglh‘?gh&}:&e%sure gas
changed out as are-ex te t e acth

THHYIE donstamngghe Wof@é%tram agfive @as enipenent- aqu]éﬁ jolafeg dkas medium, as

' didp&ﬁsa:l ibh@se(ﬁ@&Qﬁ%h reREdr® Bas Qﬁplpﬁr‘%ésc\f@ sudB s SRRz fc&l@ﬂb@ This gas

s ach@aﬁq@%hﬁmﬁé‘%fla?%énliése' Ty e drreren

(1) the gas supply vessels are exhausted at a high rate, requiring numerous change-outs of
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 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
from a previously installed gas supply vessel;

(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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(1)t

froma previously installed gas supply vessel; (3) in .
addition to deficiency (2), the gas concentration of

the active gas dispensed fromany given gas supply
WRe3eW(088748 f | xed by the gas supply vessel nanuszS-‘@YTéﬁ2@‘?4/009163
and there is no 1 WO 2004/088718 PCTI US2004/ 009168

capabi | icepabitify ‘ef@klivesiy) Vagyingodementi6n AeRAdiioé] @S varying conditions in
dependi & K0k efglrmeacl al n% canditions in the

downst r eam aet T ve G ast i S HEER S ocess: (4) the

conc e riket dongeniption bféhﬁa@tlm@s gake gammidiee gorsd i thd gas eupply vessel can
stored 'cﬂmgé‘ﬁlﬂgﬁﬁe &H@cpéle)éo%ﬁﬁﬁﬂ of $R"Active Eésrhgﬁggﬂeﬁthortﬂlle%ncemrahon
due to d Qsition of t actlve gas co

t he coné’g @PYBOWS CHF VU iR SpEopsivg & E%Wt%/afi gas\/wmmy vessels, in an

SUCCGSSIuﬂl&loﬁﬂﬁ[ﬂgﬁe@bﬁtﬁrﬁhﬁnﬁ&ﬁd suppl y vessel s, in an
unknow and une the gas sup
ty

d
vesse Freart es?? §P1°Tq€’n H eé\g]égrgﬁ}“ TRARHRiZT Ry tery pér ﬂ¥e active gas
i nvent omyth@ﬁressdhemadmg ¥ potgraislly unsaft Hiatioadtthé gasesﬂlﬁrﬂy edsf@Druptures or
a pote ntléaﬂtgb Yo B8 Ls6c; a%&{(ﬂé?cfa!s bfx{ vahrgse oS I th2 ¥ “%Q%X ours.
vessel ruptures or rom the’assocr a fes
assenbly, valves, etc. of the vessel occurs. [0006]
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S i.n
51 1its ST PG P el e BREE Do Seeiet R SR restin.
gmtugg@mmonmﬂ:agdilowhlgnsﬁcﬁtedrdeﬂﬁdnmw In-situ gas
generﬁf lth%nﬂn{% UI to o Rl t%WI n Qr% Soglcaag t é?hgev% g{egcﬁr—sga = gas aroductlon is
achi eve E@P@&d‘sﬂb%@aﬂ@n@@m tp:t m;imxt & hGek-Tesponsg mepabi ggs dispensing to be
subst antdp@ke@and does not permit a quick-response
turn- (?n of gas djspensing to be achieved; (2) the raw
rat orPh e SRR uhcs geTe fyr d-sifurgasgenqratign gre frearentit highty toxic in

are freeﬂae@reﬂ medab)ghismgﬁs@a@@dbpbraﬁeﬁhafsaﬁ er, thereby
oper a j n-situ

(3
qenorarBrE: BleRiraar iy ety Egrﬁgwéw%s«zm%ygcew%r —
i ncl udi gag g@f@rahm(dumpbeeq, reagj@s syplive redctantrflogtvamdiey Gince even in the case
' eact antr SUPRLLAR <ol ERCHE0Ns LhOHyG HaY lcg% ol WEFenE ues, and

in the case sol | reac rces

typi cal Wcﬁtefil“{:l@&ﬁétﬁs peaisaisteylockgietpensi ng I i nes, and
afSOQJl)ain%du - éeiléiﬁoﬂcs lab b&FEntioRUY 'e&bﬁfe&mﬂ’dﬁte?fohéﬁﬁ}léliﬁe parts requiring
etc n-situ ner as conventionally
enpl oye%f}‘f"#i%ﬂ’]@ %’%ﬁtﬁ’isénadi%‘lng‘? A¥quiring periodic
r epl &@®e inexitt gasegexpratiof sylstems e ehtivddyixdpénisive, $>othamd1p(t£5 pxpenditure and in
i n-situ,da8 gﬁ%%& yen systens are relatively

othin

expensi ve, dpital expenditure and in

- 0007} Accordingly, the semiconductor industry has continuing need for improved gas supply

sources for delivery of dilute gases to process equipment.

SUMMARY OQF THE INVENTION

[0008] The present invention relates fo an apparatus and method for delivery of dilute active gas,

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

f0009] In one aspect the present mventmn relates to a system for dehvery of dilute gases,

compnsmg
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overal |l cost of ownership. [0007] Accordingly, the
sem conduct or industry has continui ng need for
i mproved gas supply sources for delivery of dilute

WA 1Br ocess equi pnent. SUMVARY OF THE | NVESKITUR2R04/009168

[0008] The present invention relates to an apparatus

and nef R hobuds! ivery of dilute active gas, e.g.,
to a dgoywnstream active gas-consum ng process unit of a
sem c%%tg@rs‘“ﬁ%uf acturing plant. [0009] In one
aspect gas fltve-nptefisgdttics fov €iflensig of #é AlitSgak & ara@yernied 6w rate;

delivery.of. dilu ses, .. conprising; WO o
2004) DEE PRS- Bt DR Dt ol T B4 B4 i s s igpenseda
&hid predetermjnsl fowuate by, theygay dlew frctovingveties; ivillydithenti gescto fapm a diluted active
dissRensi g of the active gas at a predetermned flow

rate; a mxing device arranged to m x active _gas from

t he ndBEnigrRraperd Jo e comseripton of actiyp §i5dn S dillipd ackiyg gps mixture,
R bRIvEly Aokt fle @W flodi-Qethiiag HBgee 38 SodttbDMé diEcRding ke of the active gas,

device,, wth diluent gas tq forma dil. d active as
e ¥l ehteomaton s Ree & il 6o bis e
concentration of active gas in the diluted active gas
FBOM\H-” € at?o[ﬂgr %g:‘%&? Dy }fl%nymﬂa )t ttot Q% for deliver%/ of dilute fluid,

I oW nmetering device, to control the dispensing fate
BrNpES-act i ve gas, and maintain a predetermn ned
coNnc ekt ek setkceaCt i Ve gas in the diluted active gas
m xtur@. n&go&o | n anot her aspect, the invention

rel atEEEHHY §‘{'i‘§?’emfor delivery of dilute fluid,
conprd Buid ow-awteingd devize Fdrdisensiag bLHRe nead adivt wasndt afpradetekmined flow
%%urce; a fluid flownmetering device for dispensing of

& neat active gas at a predetermined flow rate; a

m Xxi rignigisg deséce arrangpdyiodnix acting Ruid frot dhe apfivgifridf soume thifds dispensed at
@i hr¥RrehdiblatoR Qe 6§ tloRid fic AkSRERASRE, dm adRhOuid to form a diluted
%r_edet,er_m ned flowrate by the fluid flow neteri ng

&g fud mighurenangi | yent fluid to forma diluted active
f 1 ui dh ionkbrakeigedidGueasufidhdeitatial of aftige tuitl & theditted @ctive fluid mixture,

%%E:e:sggntrﬁvi %r Iﬁ&ﬁgst %Ie fﬂ}?c{ hc\)/vs?-mfetlerlilr{gdde'lrige, ttohceon (I:)ll tfilé 81(sjpeg§uggl 4 of the active

fluid, and maintain a predetermined concentration of active fluid in the diluted active fluid mixture.

-

[0011] Yet another aspect of the invention relates to & method for delivery of dilute gas,
comprising:
providing an active gas source and a diluent gas source;
confrolizbly 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;




and responsively adjust the fluid flow netering
device, to control the dispensing rate of the active
fluid, and maintain a predeterm ned concentration of

WO2LHSETIBi d in the diluted active fluid nixt RGI/US2004/009168
[0011] Yet another aspect of the invention relates to

a et hed. Lok delinarie RfivetuldibficORs:is diSfeRRed hiShid Gredetermined flow
provi ding an active_gas_source and a_dil uent S, . and
SV RSPl LEREPn G HE s YBegaET S P =
act i iBor#8SngScahbeRititi@t of &ct&ﬁ g0id e o uined éﬁ\ta\ﬂutdahigtﬁre, and responsively

Xi.ng, active gas omthe . active gas urce .t .
SlBr g G ngds o bR L et lh o R Ry pRbntalon of actve
thiifl ingind dilgtad adtivofinid diztuch. | uent gas source, to forma
di luted active gas m xture; and nonitoring
concentration of active gas_in the diluted active gas )
P13 ur e Othshespecissfsemes 36| siberdimenty Will e mogfolly appateaf figyn the ensuing
mﬁc@u@gndg})gmmtajn@ctive gas, to maintain a
predeterm ned concentration of active gas in the
diluted active gas m xture. [0012] A still further

ESTRIPHEON O¥anili DMAWENGEes to a net hod for
pver f. dil .| Ui C i i.00; i di .

8814 Ve Hichi1 ¥ eealc Mafuenafl T 8 fOeg RN B8 @brding to one

eehedimsht of B preginkipeentidnng active fluid fromthe active
fluid source at a predeterm ned flow rate;

3 W
2004/ 088718 PCT/ US2004/ 009168 m xin cti.ve uid, . ..
PP t nEGy 2t ¢ eraph 8?8‘“&% PR o §98iaﬁ§k5h?1’s%ffdg‘°§‘f oS Jiters per
nhedelliedmiipete fdooumn leadleachisi-ddhusil lausintveftt iid the ipoaciidelnd the present
diluent fluid source, to forma diluted active fluid
MXtUre; and nonitoring concentration of active fluid
in the diluted active fluid mxture, and responsively

%gi@tst | B 5 06 Gl RN RAlRaIQF bl :@aflhoffe EdnbdnBlatioh h parts per

al ntain a predéeternm ned concentration of active )
milligneps jafugogien of frap BghoyEt MipRtes: |S%ﬁ°’ad8nfrnﬁét°a¥f@?°“ﬁﬁé¥% photometer signal
@rhelceA8REGE 8 fimtRAbm@s and enbodi nents will be nore
fully apparent fromthe ensuing disclosure and
appended cl ai nrs. BRI EF DESCRI PTI ON OF THE DRAW NGS
[00Ir141 FIGG4. it aicgliteation heveploizd pe prewdeitafipirign cofceniration, in parts per

S 8 8PPty SUSLEAERI R s eI
ajgeeithn pressure, in ton as a function of flowrate in

DETRNEIP SESCRIMEDR, OfF 116 INGENTON hev)y PREVRRRENEEFBODIMENTS
achreved using a mni-venturi in the practice of the
BHEREQE

. . i .
[0018] The present invention is based on the discovery of a highly efficient and cost-effective
system for delivery of dilute gases, utilizing 2 neat active gas source, a diluent gas source, 2 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 conceniration 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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invention. [00161 FIG 3 is a graph showing FT-IR

Si gnal of carbon tetrafluoride concentration in parts

“E mllion as a function of tine, in hours: mnute
Q@2HHHEETI8Nd correspondi ng | R photoneter si nﬁCT/USZ"“‘”O“”GB
(reference/active) as a function of tinme. [0017] FI G

4nd Iﬂ&f tli?nﬁ&l: gxlﬁhﬁé He&rite,Cand ke ﬁbﬂ{of Q&n;ﬂﬁesca&r #0ie gas analyzer arranged to
tetrafl uoride c ntration

stk o bR o B e sPref ik By °3a<t611?f87mgﬁ%§dﬁuted wcive
shomixtug, Witk the oontrekyirneldieng traminitied ttthaomass bvg comirdifenio modulate the set

SRBE R R Sl el M D LR R opcaion

@éﬁlééﬂlﬁwapwégeﬁ@étﬁvery of a highly efficient and
cost - effectlve systen1for delivery of dilute gases,
rce, di | ue

at act i as so .ga
i@&Plc o Tffrin CHPed il g Wi ﬁ@ex&?lple 8 mass
e cnﬁ:a)ulerastrﬁcmevagasl,emalt ehpuaabie Corrdispensigg dewlogdioarmatadgete active gas

%: tiﬁ)?n thlg %v&a%%: sMpSJ evg %Sﬂo%«@rgete% qué)(ije!d §1n£ ig%sco 9(51 valve i the

é}spfalﬁgs:ﬁnes or anprotier plegerion @f@rmtrlzathrafdn efffelivece pw@dg aselﬁcwd flow rate of
Gt lobtd Rfh BC1cliveSa 0@8cdl Xt ure, and responsively

control” the dispensing rate of the neat active gas,

to achi eve a predeterm ned concentration of active gas

l[(mzl]he mlla hdﬂf&re ghs aGifrde\tan mlsmbx bwnge sm{aﬁl@ 194, elgl) amhigh-pressure or low-
cr

Bt%gsg{e s at%rta%e a}nd Hg%enéubgavess]phlle b corhf%%eé Solﬁlﬁg ﬁlg Sakg g%ve gas to be diluted for
gsymhu p@@glbaimshefﬂe@wtwo passoiréegompriresa sphgtufopherid preseure neat active

% a% DRRELLRL: (& §9R %Eécﬁ&d%s%%{éﬁﬁ@o 5,413 o Glenn M. Tom
g Al po T S Dgitbed B ynam ¢ m Xi

gleiapd comprarialiy availehls o ATMRIRG: @é‘bl&h th mrdierrf&e {Gpdgmark 8B, wherein

adtiat LdLls DBIptitdhg Rehire® on P SEHHEL adsdrbOnt Bl lsel6EiMly bsobbd) ﬂaieﬁ-om for
gorrelat ve. to t esensedatlve% %C% ration,
23

gt H A4ve, gps Tom ﬂbeageSW} lﬁ,ﬁgo’th c %PF%F"WG gas source
sorgmad;s D edsretpradge amb disfet b tegsel bicthergps dédexdwd GO LY. Fhilewr 6,089,027 to

- i e
@ f e r%?n n e%&eco ns lea{ﬁp galbf\?gt% Bié‘gf I\cd:%%g e nftiurbg%& under the trademark
VA6, fesrvace Ipiory dianoperegulsfor PEeri e dpasieRet ﬂv@cwgas at a pressure

Bhieeby hORM 0 Thgomas flow metering device can be of
any suitable type, including for exanple a mass flow

controller, a mcro-val ve el enent actuatable for
oz ens Mhgdyteiiy ntidily ddvidevaraip@isto @lix tﬂaelea@tﬂvv @asgmé the difuent gas for

0 m t he ct Y
%(r)up ?fw({ aﬁp Eo%aﬁﬁf Ve ﬁp? 'R h"f""&w‘?ﬂ‘w‘ acméa gas and the
fliluaet, 229 mreamymwteld ewlthellne pattiter 6ar désslsegeiolt ¢ dediad d;hge concentration of the

&ftit/éa gésl M.S., b2 B QY iﬂ%ﬁio@ns%@éxﬁ% ﬁﬁlﬁg ngslrfﬁ%fufe‘-%ﬁsuﬂfng process. The dynamic

mixing device can for example comprise a venturi, static mixer, pump, compressor, rotary mixer,

gjector, 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 conceniration 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

: B and flame ionizer types. Preferred monitor types include Fourier Transform-Infrared (FT-IR) and_IR




"\,‘_.&_,-“I

the active gas fromthe active gas source. 100211 The
active gas source can |i kewi se be of any suitable

g., a high-pressure or |ow pressure gas
‘Epdﬂ%ﬂé@s'ﬁﬁd di spensi ng vessel or container holRFHES0¢009168
neat active gas to be diluted for wuse. In one

I nitors. NEhe 1R bor36t be/SraB R iSHY LGEbIE BRReE, $2S daposed in-line in
sub- at m)spherl C pressure_neat active S st ora

e SR P s S GReLeTRE 1y 96 SeResly B 795 png o AR el

N@angfmdnd, 8r 1028 diler GltdteutadonTom et al . and commercial ly

avai l able from ATM, Inc. (Danbury, CT) under the

trademark SDS, wherein active gas is sorptively

f@ﬂ‘ﬂl ne Thomomitopday Siclodd ong gswnibpln mowiteringsdsvisestor ¢asippnents, as desired in
SR8 BRflcdBPLARS QAT n HsBRE0ShAOnRfipt® Glohdle? d0Acs bieQtbloyed, to

n anot her enbodl nent, the neat active
§@M’|d% onigogipgyie didisrent sepsige ewéth&@ethaﬁ’@méﬁ %efa%ﬁ%q HFagedd  constituent
SlonitdMBg UMHRSs Q(e&)ﬁlbbﬂéﬁiﬁj thafarb) ﬁicaﬂatcﬁlﬂie RndRRHOP If the active gas in the

nd co cially available fr
R Sk B e, P, SR R e P RIS B SR output sgmal
teatativd th theamcenrbiiomiobthé yetivé s dsbadilnedertiag s méderent f or
di spensing of the active gas at a pressure determ ned
y the regul ator set point. [0022] The dynam c m xi ng
H’@%]c e §u3wre3e@rqc@sw sen(by garrieshut At progapmeblegrgerphpupose computer

i 14 SaraBRRd iooﬁrocegs%emaﬁ)gctﬂe Shepd ts@ﬂalﬁiﬁﬂhe%@sp@@ﬁe foifitoihi devices or
can be of an sui ta e, V\heretﬁti\l/%@he neat  acti

ERRRPORFRF TEFRETIR® 4 Y leg%l et of AR POt R gV e et ouput
ag@t hefelbit o tﬁtc haicgerafidn af di@s kdtied gok irutte diluted active gas mixture.
erna r\]f}alr a%he S1 {oc %sm %«Ihjt Yag 4 o%t g.v 0851 quLthWot %ndge circuit,
e Feam dfiute ggas m xt ure-con umn proce
fﬁrmeopdgcnam eentrakipsocesgingiant €8UL arrpﬂteo ProgogsRiP EroEEprpTIapEaty output for
MMk the 31 HoblndBrt € fovicl W iRhieMHUERE Ative £ bodntilichSh the diluted
e] ector, €ductor, opposed jet-equi pped m xi ng chanber,
BvOEa BHXtEBY | ce, structure or assenbly that effects
m xi ng of the neat actlve gas and the diluent gas to

uce.the act e ture
@B%ﬂt or InaF |P’§ odmfg El} 1% 6tﬁ mcl cliecs) & g%gégttﬂ—&%omle detector
gasmi sact hethel |t3tpe|tdscilsad tig \Itbﬂgh&t&te&ﬂi’et&nu p%ephcgmg No. 10/140,843, having a
ﬁﬁl?éaoé?&é iﬁlu¥ thQ f kﬁ& gl @2 %ﬁi&?ﬂsﬂeﬁgy ﬁl@c%jrforﬁéd A8 B flference in its

I eve a pr edet er m ned concentration
@fﬁreé:c 0 et gax@temrt rpchation| pquiredTansRéts infiarey sadiapendgheh 2 gl of the gas

fRaAf atﬁrb.ythéil‘ﬂbﬂﬂ@ kalsté’ﬁtortréfq‘éﬁ'es O Gl RdiaSREgler QRindskion through the gas

chr rrato phi.c, orlrretrl surface aco

Rl & BRCOFFGe SRR EEn Pl {FEone B8 b drFY S vie which i
ﬁﬁi&rabkyl’thetaymfgast cﬁﬂbdmdx& iFowpit &ra cbnteoh it ardnpddriareeeive the output of the
&1ﬁm}0811e) t%e?ectgr % F]o IFSS?% w%%%ér(tr%g?nz ]o§ mE %[oy §e&§§i£1§% %é%ﬁ/lo% affecting the
.aﬂiymsw tabl e manner, e.g., di sposed in-line in the

diluted active gas m xture discharge line, or di sposed

to sanple gas via a side-streamsanpling.  arr %

027 n aﬁ%)e Bivsps 8 fiedidge gaspupply syiem of the invention can eo any su1table type,

depending on the specific diluted active gas mixture-using process for which the diluted active gas

mixiure is to be provided. The gas can for example be a gas thai is 2 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

i ven agplication of the invention. In instances where
1209441887 %oni t or devi ces are enployed, to pr RGTHES2004/009168
nonitoring via different sensing nodalities, the

pbsspal S',Iﬂaeélglfeﬁ,ta%e% RBGe-Bingl 1160e&0AS b totRBfondingly varied, and can

noni toring devices or conmponents that agre indicativ

FiowHengh SRR APIERb - HETE] Yoo epesiion, potieel Ghepissesesrch

B0dsiiaeGor@ AgribiltiaLidseys, Avatiient P e bsdyedthtdilutp ralidleealtherapentic agents,

%verage or corrected output signal <correlative to the
Bncentration of the active gas in the diluted active

gas m xture. [0025] Such signal processing can be

@ﬁiag{]i edrpulidY <& B QAT RALS t?%g%d%n PHHRBSECISR MR @bmponent

_ is progra to process the respective outPut -
dilugri ompesitions es welk permilivempasent daeh raafiops, sliigstrative of potentially
ST Hfﬁﬁ_ﬁtsga@féciﬁ rsﬂécﬁ'g dpPlicatidab iof @_bljﬁve@ﬁcgloﬁrb tolftrogen; argon, helium, air,
conput ati onal . proc re to provide a net output ,

o Retop PR SR BUORE vl PP A oot GrRtometglic compounds,
gas in the diluted active gas m xture. Alternatively,

t he signal processing can be carried out by a
conparator or bridge circuit, mcroprocessor, centra
1603 e s sRefegrivgmaw 10 GRIJjawdnesdig & is asFhsaalicyapreseqteion ohy fifjs gas supply
%%qg Edcflife @ HiaPhtivd 6 sourdd B vtidhhy tth@xgfle compromise a fluid storage

Iow+neter|n% device'to achlimg t he deS|rﬁ%§ag}|&%m9%§ o sub-
W riwpisige oAl Surh #h @ COTVPRICRY MERarsst BEYIRAG O & y
{19636ric I pResdgae ispensick Stk pitthe tivalistmidtin .S Patent 5,518,528 to

cl an infrared ther j| Y hich
Qs TPppe i s ol FOBRPY 6 TP Whfl o B B GRS of v
oy e dtchpmratidherchOyiragregee 8n théiprpspagiivaicntitofiess ed St at es
filing date of May 8, 2002, which is hereby :
i ncorporated herein by reference inits enIiret&r Ip head 50
BOHh a Sheswcanrtiye esdrus Brits sy expisshesiel Qupprdryfggatve head S0,

fsaghodt] o akdd=06 N cdipRaNPile a0 fexttie GaSators teseiayl aifice dlow control
thermopi |l e detector receives.the infrafe [ ati ;
AFTBI b el PRy S0 i Ry ) wh A s m conin o
@avdnaém! flveccafrolcene Glnﬂ_tdr\atv:ﬁmnluﬂlalat byt elsd whesd a@%@ﬁ diypirated, or
r!\l{%mtallfk%l ga?’san %ﬂ%&t{g ’val‘@péo%{}oﬂeﬁ e.glh %ﬂe%fn@tﬁl YtubtB 0 AGdch M8 sHRSoid valve
conponéh , Is output to a control means arranged to
chetel.¢- t he output of the thernopile detector and to
responsi vely control one or nore process conditions in

and/or affecting the sysiem 027] ,The active qgas .in. .
B10i 1 Bhvongharln it e SPPTGE FRVL A B Coghipybilon wit
dl_ﬁch&tgéllér&llﬂ glﬁh{g&ndsyﬂlﬁg co?ﬁkﬂhﬁﬁdi_zq}gsed)thextlhewwﬁgﬁmé; 11‘; ;;)wnstremn
uted.actiy m - T or - whicG € induc
bR e DRt Tty o FeHRLIC R 6 faplidhl fichoh Renducing
fianoffnest agive pslfemisclarggdise 14iate tedhrept giba satvmt eri al f or
formng a dopant or trace reagent species, for
manuf acturing of sem conduct or producta. Thetg%%dmredmﬂm as
W03 r nadidjining gas seedt fieprelfided e psiFmy od aganegd 10 discharg &8
Bk BE a§tid@ s opMAAlydnclaR adnasd o bontbllef, 85 veifuel 18ebrafluw therethrough
hazar dous concentratjon | as_a

1Z ¢ evels,. as a reactant for
- ieherss Samhearrih OdHe A CAPTRE FEEC SRSt “prEpar at i on
of | ow concentration '
[0034] The in-line gas analyzer 26 is constructed and arranged to generate an output control

'sigual indicative of the concentration of the active gas in the diluted gas stream ﬂowin_g throngh fhe




o’

mut ageni ¢ agent sanples, for research and testing

pur poses, etc. ti WD 2004/088718 PCT/ US2004/ 009168

0028] The diluted active gas ni xture-using process
QRB%EYEr espondi ngly varied, and can vari oUjEUS2004/009168
i nclude industrial processes (e g., chem cal vapor

degipsi ﬁdn@lil:)e 24 a&&ml@aise&&@gm@aialﬁ@ 26 heisey Bhlow to dm%vnstream gas-using
e tnEnt (0]

t {1
SRS R P PRl el o BRE  Senf FB y @01 of falnion.
etc. [00291 The di I uent gas can be of any suitable

anﬂile CAludfd s ' %H:ﬁ é(enérgtg({l %9%%9 gelnﬁyﬁp %Oﬂeﬂ smifted in signal

élluent conp ositio |-conp
drnsgssion fneﬁ%m mash S¢¥s confreliog 56, rvh!ph Vﬁm@#"e}ﬂ@fb@ﬁ% ﬂqa’r fafp of the neat active

b IR iting €N thatJS 86 Ged 1 tRPRSthi I fof Billibe &Y dreihse BE plolt gas for

invention are nitrogen, argon, helium air, krypton,
)?IgWHeM’}('&ﬁon hal i des, hydrogen, oxygen, ammonia, and
gaseous organometal i c conmpounds, etc. [0030]

?@ ar ri 9o a}%lpa\ﬁ’m; g?att Q%O‘pr Iglgﬁd 1) Eéﬁge FEL 1§ cﬁ @125&? H%g%gat gas source 12

resent
Fqﬁ%ﬂlﬁF(]}PIE@hlﬁ 14 settainipg 1ipe ﬂgﬁsmﬁrglnr é@ V@ h oxmaf@ﬁo Aepjrof thy delivery rate

SKAFRLL g&so ML QUG Aodulabél ‘iﬁo%trﬁé ﬁ&egas %D@isdﬂéré@ ﬁﬁesmg mixed with the
ssel such ﬁs a conventi onal pressure gas

hi
g g st Hpvwed fiom Jilbng sag s Z%a{lﬁrﬁ% pHePF © RRE Sy dn lieu of a
gasuri divisge rdsmdagu@)as h:emucten & pumlﬁgfmﬁl laewtthbpea ﬂatﬁ@:hm e hlfdrnatively

g% %Snépr%{;fe% %g%: 528 r‘f%e a\‘l@'ﬁ 535 é[the %er mlxmg }I!awce provides
décseshp pressurs differantil @trosshleerzea;y flew eonirplo ﬂ@@rfa:t“ettie hative gag through the
Qb{w ERRRLERE Syekal shidB dysibif Sﬁ?e%éutﬁﬁg I%EH-,-A &ﬁe‘ g§§stre£19 Q3 ding the active

he neat active gas Source may conprise a

9%&%111 uipggpiie Bowid iimling 24 40 %mﬂétaaas smlyzera?§ WhigRpncegfration of active
Bdstife (i ghd iRdude i€ QiRhRel sdtubedadregpohsreRdendr @ik ol 51gna1 transmitted

restricted orlch fl ow control eIe and er
ﬁwﬁ%ﬁwmrﬁ 1 P P (A5 B fomdro @fh%%aﬂ“’v &affeé%r” controller
ﬁa@ponawﬂ}dmm@ aiorulaed lyohw@ntrdl eigadl tofihoteasecd Adcreade thepdciie gas delivery rate
hz[%ﬁlgvevtﬁé eg}edcrﬁlmea g%tlv"él %Lsecogé{:fl@ahgl?ﬁdﬂl%ﬁl?éd & 9‘{1me9§1 line 28
ustrate ative py an au i‘Cva
ﬂW%ﬁPé@WﬂS‘@ﬂ@PIOC%SHH@QnHH c actuator, or electrical
sol enoi d val ve act uator etc. [0032] The neat active

S C 2 is coupled in closed gas flow

OB F A dt e e PP‘““E’F %‘@Hé‘? g8 P feerds b 20y Agteblg geodp jof gperation,
manding® Ifdreﬂarﬂlﬁe d:lhstpm&@d spdodsedph,. elddhrechelinisied) aabgsnd imogitotidg, thermal
downst ream of bk gasflowcontrfollher (Jl,6| H&’?dt R
Potlimg o e, S R g e U MR SRRy §f determin
¢onchntratiog of abuwwasch theeat migivte ay dilnged Sorfllowrie tié écowatreg@ ghi-wp@g process.
14 into the throat of the venturi. [0033] A dil uent

aas source 20 is provided in the s sten;1 and_ arranged i
3% scha? @zglagqq t ¢ §rogs Jjust described, ‘m which the dilute gas muxture 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 confrol signal correlative of

the concentration of the active gas in the bypass loop and such oulpui conirol signat 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 comrespondingly processed signal

' in signal transmission line 48 to the mass flow controller 16.




R

in line 22, which may optionally include a nmass flow
controller, to venturi 18 for flow therethrough and
discharge fromthe venturi in Iine 24 containing
WR29HE5YEs anal yzer 26 therein. [00341 The |r¥’-q1?f97‘8094/009163

gas analyzer 26 is constructed and arranged to

qeu3er at easdd s R vaRAoh QF theséygﬁﬁldeécﬂlgﬁ CBbveV e UPU A6 can also be
conce&%ratlon of the active gas in di | ut ed

ofqogwﬁély T95PI%S, téﬂcelnﬁgtlon -pu% s%:é Y {yg frpm thg ?n—hne monitor 26,
RSSO Q4128 GAhGSh canaltpd@rmdniomgnonBor?s MO dé ploesee th CPU 46
f e ' ] 8.for.flow.t domnstr a
SHOR M RO & ey~ g ] il R R e o
ey flave spnigllentéh &y sudyrreesetienst tbfr sypF10 Sosenged iy pragess two concentration-
'séﬁﬁglshgﬁélé @Bm thé Q&?e?p%n&mg? nﬁ‘:hﬁﬁg b %@35?%%” a\lnthgﬁg GERLAG monitors

in-11ne analyzer transmtted I gn

PP%WF%lﬁ] by e |of H@S@Qf WHW%% pgably 8 GPINOB 1Y G5 %fhew gpance the
BeSRONS Yakilin of tksdositrd] kiguv] ket B RfmatdRwiReatonaakl ve gas

in discharge line 14 that is flowed to the venturi 18

for dilution to produce the product gas for

dWdRist r dherndiise gas[af @@ Bibnédhcap be phtrycnifabledgte, 0d09% for example, in the

f

SR0GEALAGAAER) Ak e el AR 8, AR BBt o)
edht2a%F (@8- §BICLyRifonSHdnabuanes, d:trco@tdmg gapes fge pyol esespiconductor

bd@actPhg bfpBeal§R tarifdude, B exkRHIH  HoinBificIBR diatoaﬁoa-,gedﬁdsc@a\g Hy Ny, O)
rate .neat gas i n _dj.scha h%$ne 14 is mxed with th

&7 FITMRP AR5CS 5 P K ’FB 8 on1d|Iut|ng gas source 20
through line 22 to venturi Inlieu of a venturi

%@f ce, Ita\wﬁ %glrgcggtﬁz}ég Iﬂna?%hﬁlenthg %}Lé'grhxgﬁ %'sqflusamly sm&r{;wxcﬂ{ reference to

ut a statl
éﬂ*ﬁwyéﬁl‘#@cﬁammm%h@e mmw ﬁglsg aigenglile 19 dpln@ryaxf blends of ggterials in: the
Q8 MR din g%n &H?ﬁ{ ulllor h B dEh&RraREOVI des  necessary
pressure difrerential across the nass flow controller
16 to flow the actlve gas through the flow circuit of
foog2jov e nainn aBu P |r§bo§i}‘2&ﬂ el thEhdute ehidl smppag S)me?ﬁe(ﬁ‘ i Inttéron can be

g:rgsga)te O%E QPCslu u P}%lé ! @X ? %El¥er]s%ec169 EEp & Qleraigosf com ar;i%o%ants

26, mhere concentration of active gas in the gas

ﬂm@ ur eTheSsaféS(tag'EamaE& dr &ﬁgmgﬁgq%rte% Jf%e)%éllt iﬁ%}ﬂlon are enhanced when

&enerate t he "contr ol transmt I n sigha
1P AHYFPSSPBTF 1f 7 ﬂ%-aglz)srf{snf FRS SPRESSSUehrag #@f@é—‘rf tfwmf?neﬂnrl%&ed Tom, et al

MidtWangealpasss.f | ow control ler responsively being

nodul ated by the control signal to increase or

decrease the active gas delivery rate to achieve the

0esi] r edThlis) it st tnvantiong &y ddRoH nitilizitg real-time m monitor provides a

ln n&b‘b? dme%&ﬂé é@%e%gssnu%t Hlé%b}} {“6“6%@% t%ﬁant d}lu(t)? acth %asI Jggcentrahon i}

ownstream process unit

o delivered élh@ﬁ 873 NXi@6 ie aontiathde tar eorygutianny methpds alotcabadrpgdier herein in

Iﬁé BQ&R@B@H‘ o e Inveitoh YL QE BXARNDLS colebRbi®IRVidtes from a set point

ctrosCOpy, el ectrochem str, acoustic nonitoring
‘f r frEAntr ol signal is sent from the gas monifor to the active gas-metering device {o iticrease or

decrease the active gas delivery rate to maintain the desired concentration value.

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

limiting example,

[0046]  EXAMPLE1




{ M
e’

nmoni toring, etc., or a conbination of two or nore of
such nodes of operation, to determine concentration

active gas in the gas mxture as diluted for flow
WBWW@sﬁdﬁmstream gas- usi ng process. [00381 [RETAUS2004/009168
variation of the process just described, in which the
qod4ut e gﬁﬁiﬁﬂﬁﬁtsgmﬁn oD thie tt@fe shE@ITRY FIEES, the-obérﬁtﬁmfml’i}itet falention was

6, t S em, c alternativel .
S b TR SiPr PIASIE Tl o 200 . Yo et e v = b
iatpelsphdiinpressak éfA@@‘gab swm&ﬁssclr(tcammwlie@taﬂtﬂge from A TRA, Inc., Danbury,
\@’It) Iaqtﬂﬁ‘;@d @vﬁi{ angiﬁteﬁgldgag %M&Lrefot éoﬂﬁant égtv&x? gféksjﬂtg o@?ﬂb&n%traﬂuonde at
with [ 28. The nonitor 38 generates an out put
éB?ﬂ"Ffol S| gnal correl ative of the concentration of
t he active gas in the bypass Ioop and such out put

r ol naI ransm.tte n transm ss
AL 5 e 8 s deied P ® B it et e B et aaessp g capabe of
dén&m@ a qmbmnﬂaktsn weg minviet flobbratento fraduce the beess@sirdilve mixtures desired.
f
ggu? ‘rﬁ@g tgfos %?p%faggg%aesscée llg& %a&ﬁ‘u@ﬂ%‘}ﬂ Ia{ea&%m'vé §peﬁlng and closing a
F?lwwggﬁsbtﬁeqdw@wzﬁs to the mass fl ow cont roI ler 16. 8
WO 2004/ 088718 PCT/ U82004/ 009168 [0039] Asa still

E@(’J& her Vaﬁl n of t tem descri be abovlz) theﬂl -
g6 dhsrsteghemicrosy vaﬁcg V¥ §°% B REC eSSt Retieqpgthe inlet and
owlet efithe adlveorms oeied ’Eilsgnesbure tiffdemizl #3 frovdded bhe smali venturi pump

hlri]\;ell. i : g?-P tﬁhgﬁ)??ttto%’éh g{ %trg' glbgmégtg r(ﬁllg gas for the diluted

concen ors
produsbens anctirgy TR GIrAdencegrehted sreﬁie high- @ém@ prassere antqnfapet o thy venturi pump
?,%tw&he RhIHa) m&ittgsfthesnettrgﬁmmutetdﬁﬁtnt das.si gnal

ransm ssion’line 48 to t mass flow controller 16.
By such arrangenent, the systemis arranged to process
toas0] o NBHERN ikt theS@O i Y@esSirgRMsSthdt e ablhﬁred usmg the venturi pump,

ondi n ni t ars 26
xrmgl% i g g eram pregsurrcr%gmg § OWB & %?J glan B{/ChF etg gir}?:gg%t Fi r]atF of %%tf illustrative
sromple ox flomepf mitrdgeh igesyat #f slandetdditaromer e fedprgnodtpet (equiwlent to 7.8 slpm
&ﬂh@%&? r‘caﬁed %&M&S@{b Fid hraRhik 'd{f%re&fal 66!?19 eft %tuil&lof the micro-

Sent to the mass flow Contro
‘é?é‘tel(%té%%) ¢ eyt ghbe micavabe BR25%10) ¥ atlwt@ toyppgsice the desired
¢a8€bkidi ng for exanple, in the case of sem conductor
process usage, gases such as hydrides (e.g., arsine,
phosphi ne, germane, etc.), acid gases (e.g., SiHJ 3,
807}, Sihd2Sulhg cdﬂﬂm&emeﬁuonééfmtm@h astrhirigre gas eroduoed ts tvedin-line gas

%ﬁ?}egsg g‘ii'h{fhrg{ ﬁlﬁ%&% gatatlrfor : atl ﬁ]pa!vﬁlﬁ %LF%{‘é]t%er Cl?e{}lsfoﬂlg ]{qg&%d (FT-IR)

Rectromotyr. Bte ‘sepprshizas ag@é:@etsW(Seangnﬁarcﬁrp@@tnmetﬁenqlmg sclniepdbdyd infrared
Ak @ht sobr@OMd } didal ciiuled filREAHREAGRE d8dick.hat while the
invention is illustratively showm with reference to
delivery of dilute gas species, the invention is also

[am2nabl B thephotehbteetns fer ddnAtkSas@npidpddas biatisall IR ehdify except for the

VLS SR LA B S i o
rhbemelid filteeedf dutiklt IR ey witly Steemvepfiont dfer nanveritida capiobevhere no

_...1.r.'

commmon materials absorbed light, thereby ensbling the second filier 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




oper at ed and arranged to supply a plurality of active

speci es, a bl end of conpl ex dopants. [0043] The
antages of utilizing the system of the

‘g&&@%ﬁ?gﬂgventlon are enhanced when the acti V& T ER004/009168

source is a sub-atnospheric gas source such as those

gtiosshe afiar mmwwmb@mdex@tmgad]s ﬁaﬂ@le\&rwotoﬁbte:aénd FT-IR analyzer

paﬁhe ?ha]ngnzé %94%1311%13' rajes. L@%&g eﬁgﬂh p%%?%e% bdéiayed na&lure due to

a@mpmtittmﬂ Siuﬂ@m?ﬁelaf@d Wﬂh éreddsRndexite, fhe IR tphetomeddyr provided accurate and
qa§%ﬁkﬁg ﬁéluted active gas concentration
in the ellvered d| ute gas mxture, in contrast to
t he conventi onal nethods described earlier herein in

tibas4Bac kgGos aieh MhstiaRe thk RMBHoF @1 rH66 vkt P eén@faﬁmg {hE delivery rate of

75r1 S8 DL R AHE Saf s & e rBHT Holt] qerehmrtien by vohume
t(ppoivh ©f B8 pev earglars-lite tpert iingie deoniat N; Gortregundasie delivery of 0.7 standard
Gk G etteggaelalh‘ﬁﬂu%ée( ogl%i fi% ' VF%%%%?&% rzite% 413 &ge%bﬁle irj?hl%ducmg the

esired con tration feaflres

Fersirn ingdedheovalve s by inredicing a flgwaestristien Hemewﬂls preslgofisie valve and the

th& of @k L@Wing non- limting exanple. [0046] EXAMPLE 1

Y 9 WD 2004/088718 PCTI US2004/ 009168 [ 0047]

Utilizing a systemof the type shown in FIG 1, the

Gpsslat i @G.cif shdvire da]g)tzehﬁ b@ve ofER IR dienonret, gadetthd by E&mpanng the FT-IR
ride 4 t tive gas. The

g@@?%ﬂs 5§&§L%%%em351 gﬁm%g?%R@ﬁﬁ pheric pressure

VAC(r) gas source vessel (commercially available from

'ﬁ]—BMi] | AGe fore@@iﬂgwaﬁﬁple 11&11‘)&11:6@ 91\:1, 'u@lﬂ?gf tmé lh%nﬂ:@l Iﬁ &gh@c{rﬁl‘g lsmall flow rates

as regul ator for constant delivery pressure of carbon
PEeh A aGRY db T, BEEuTh R dmeyisdly” cppiEeligh gsipgs sirpleefyedback loop
betveg af adlily@ér@nd/aday How ABRAG Bepdentt he gas source vessel
and capable of delivering a sub-mlliliter per mnute
flow rate, to produce—the | ow concentration m xtures
(WSTIr ed Whilg ke ifventiod hahi tepredesdribel lepér eithi refaren@so specific aspects, features

Mb%hllnﬁgts thy fﬁ%e%&o%ﬂ&dt ﬂ{e%v%nt% i/ ﬁ%t\ﬁ'ﬁls %R ﬁt%gt 8 ceptible to
closing a val ve Usi ast - spee eno
mlmea@imf%wmw ﬁﬁh@;rrveuavlamwréoctl%caa@m apdliepative o

pressure differential between the inlet and outlet of

val ve s_required. This pressure |ffere tial was
Hﬂg% d ea\%?%ﬁéﬁ % i Vg ﬁ?ferts‘afir& eol?r?a?gf coptfl 25 B5UpRessing such
sarpiidny, mddifitattonogenligasive nbodintehts,twithinthd 6 eni QaR ob Gk igention as

j gas for the diluted product gas m xture.
%%gn%%¢@u %%ce created in the high-to-low pressure

interface of the venturi punp

S

odimernts.

11




provi ded the necessary m xi ng of the neat gas and the
di luent gas. [0050] FIG 2 illustrates the vacuum
pressure | evels that were achi eved using the venturi
punp, W th the vacuum pressure being shown as a
function of diluent nitrogen flowrate. As an
illustrative exanple, a flow of nitrogen gas at 4
standard liters per mnute (sl pm at 60 psi
LadMiSval ent to 7.8 sl pm at 14.7 psi) produced a
1yacugq? m Rp ety Bf dilliGa Rk &3P Endi T ferential between
the infet of the"mcro- valve (at” 500 torr) and the
ag&%Le%ng<%he m cro-val ve (at 250 ton) was adequate to
pr odUte the desired gas flow [0051] The resulting
carbon tetrafluoride/nitrogen gas m xture was
a iR GELEHSt 0 two in-1ine gas analyzers. The first
anal yzer was a comercially avail abl e Fouri er
a Frsdlogfroptaring ddvicef@dlispating B the sppectas ormgiralketerniingl Recokd
gas anal yzer was an infrared photoneter including a
a BiQR0RARE akrifsEBio8fix ablvR)gad R hSRINCEs sfifbeahA Wkispensed at said

cﬁgnnel éiltered thernmopi | e detector. [0052] In the .
PRYFGTGiTed Lo rafshy the gep How Bl deviga ot ftica) &g 1q forp p didyed active
gadlixthl® s@@er gy except for the region where the active
species (carbon tetrafluoride) absorbed |ight. The
a mSHRP grr?fn@tlch t@rmeggu%ﬂ entritioh I?)? actigtlg g&;s ek %Elutgdl !ictt &L % n%%re, and
all 1R energy wth the exception of a narrow band at a
reFROBAlHY mtrfge £70 Tlow amataing desiceesr foabrirah Bis ofsbending ragghef, the active gas,
antl Iﬁ%fu@ﬁﬂ’ a ﬁr@tﬁa@nhﬂgd (Ioh&‘nt?ﬁﬁ)g Bgacﬁi\ré éa@ in tﬁé ﬁfﬁ%ﬁtact_;v@ ggqnixture,
enpl oyed for reference signal purposes. This
Ty g R R
copiralgoertai flomatstdation demanoncent rat i on of the active gas
(CF4). 10 WD 2004/ 088718 PCT/ US2004/ 009168 [0053]
2. Fl G A 3sshawslehie, dfidRe depeRdpatinsi gnal s fromthe IR
phot oneter and FT-IR analyzer wth changi ng CF4

anggkk¥ﬁ{¥mﬁ es. Wiile the FT-JR signal was of a
e ayeg nature due to conputational duration

ssociated with the FT-1R device, the IR photoneter
a Pﬁ@ﬁﬁ@&“ﬁ@éurate and fast response to changing
conditions. [0054] FIG 3 also illustrates the utility
a fiyfd ficvemeipringdevied fordifponsingo the oftive figidtaheprddstarmined/ flevatage;
of small flows of the active gas. For exanple, a
a MiRIAg @Videatrhiped Bf mit Q&live AdSrdAeihe Bluve 100 sbitceMRdt Wilspensed at said

my CF4 per standard ljter per mnpute (slpm of
P“fﬁégfea%ﬁdg@wﬁﬁéﬁ theo it oy e device: St At fokm o diluted
actove fiidmeik@fesander m nute (sccm of CF4. Snaller flow
rates are achievable by reducing the pressure inside
a rhdARo/ MM 10 el d3hLeBEUIOh 38 2 Fivh lﬂgig ih GRt cfi]!u{%{i lalfbe uidhmixture,
bet ween the outlet of the valve and the inlet of the
and fsypopsiyely 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 .active. fluid

mixture,

wherein the diluent fluid is flowed to said mixing device without passage through a mass flow

‘controller or a flow restriction element.
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[0055] FIG 4 shows a calibration curve of the IR

phot onet er, generated by conparing the FT-IR

calibrated signal to the reference signal fromthe IR
phot oneter. [0056] The foregoing exanple illustrates

the utility of the invention in delivering small flow
rates of an active gas, as m xed, neasured and

dynam cally controlled using a sinple feedback | oop

3bet welensysiem aof glaimz & whereln dhegrgvef flgivsonp¢eeroinpgises diqpid ne fite. active
ali@057] Wile the invention has been described herein

with reference to specific aspects, features and

errboﬂtt i ments, ffﬂ w.l | be recognj zed that the invention
isn StnyEfE i édWh?S‘E}P ﬂf agglﬁﬁe‘ﬁ?t?rﬁﬁéie't’lff comprises 2 mass flow
canfrplicenent ati on i n nunerous ot her variations,

nodi fi cations, and alternative enbodi nents. [0058]

5.ACCOTH sD@rY of élﬁﬁ 4 M&tdo{:ﬁﬂn&%ﬁd 21 %nggle ﬁn@er&%n&ﬁf?gaﬂlﬁ: Yetive gas

construed as enconpaSS| n varil at | ons,
soiirg ppd e migpgsdeyice aaf %Frﬁ@tthW@aSé Hewgpraiessis dispased in thegas flow

ligpi rit and scope of the invention as hereinafter
claimed. CLAIM5S 1. A systemfor delivery of dilute

6.98S O, ¢ fs?emjgﬁcﬁzkrﬁlg qe%r}l #E br\ﬁ%r e ng’eos léluli aneline 85 analu ent

gas sou oW netering devi ce PRSI ng
of the active gas at a predeterm ned flowrate; a
T i xi’ﬂkj SYSRH eic lajpy L pdsepin e mogitos cpmppésey;a gas pilyvarti 2 bypass gas
fl@aclhop/e gas source that is dispensed at said
predetermned flow rate by the gas flow netering
8. de\”ﬁl@ ls,),fsi’é’knt Cginll P%tereglacﬁe éag ﬂI)\Q E]-mGﬁn (!lesz& ggnﬁlgésl aificro98Re.

m xt ur €; a nmonitor ar ange asure
as in the diluted actjve gas

o concent ra %nl of acﬁl ve
m xt ?éys clam d nEHEFY A 37“%18% S%"i‘cetcﬂ’é‘%“ﬁ%a P and the gas flow
mayging deving ca@prisees valve aadntesteibted Hev olifip Oastdaghd Al and the héturi,
active gas, and maintain a predeterm ned

1000n9>{3§}§t51ﬁtf6r991n@f-ycﬁfﬁﬁﬁté/gas&a&rﬁpﬁmh e diluted active gas
m xture wherei'n the luent gas is flowed to said

angét%(fl n SdeV| ce W thout passage through a mass fl ow
NtrOITer or a flow restriction element. 2. A system

for delivery of dilute fluid, conprising: an active
a dflyenf gps §¥Keee: a diluent fluid source; a fluid flow
netering device for dispensing of the active fluid at

a gas fyvedetrerneviedof digansiratof theactivie s 2 preddiaminad flamgsd t 0
mx active fluid fromthe active fluid source that is

a2 lkiPeRSRUrdlged & Mix active gas from the active gas source that is dispensed at said
predetermined flow rate by the gas flow metering device, with diluent gas to form a diluted active

gas mixture without subsequent further dilution of the diluted active gas mixture by additional

diluent gas; and

a monitor arranged to measure concentration of active gas in the diluted active gas mixture, and

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

and maintain a predetermined concentration of active gas in the diluted active gas mixture;

‘wherein the gas flow metering device comprises a mass flow controller, and the monitor being
arranged to produce an output control signal correlative to sensed active gas concentration in the

diluted active gas mixture, with the control signal being transmitted to the mass flow controller to
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predetermned flow rate by the fluid flow netering
device, with diluent fluid to forma diluted active
fluid m xture; and a nonitor arranged to neasure
concentration of active fluid in the diluted active
fluid mxture, and responsively adjust the fluid flow
netering device, to control the dispensing rate of the
active fluid, and maintain a predeterm ned
medyatethe sehpéinnbadol arichives o frededmiinedtdosstadi dativeghs agtcenmstion in the
dliultéd' aQtwer%%tnlﬁ fire, W@vﬁ‘ér tdh@eng §$su§ r}’FOW]Z:JI W Chid ﬁmtnllgo b tvsithout
said m xing device sage through a nass
PasyAR theslghey masy ﬂawwwl?r@ﬂ ﬂi"(’i teoatorplemet . 12 3. The
system of claim2, wherein the active fluid source
1lco n‘pTHesﬁerﬂ ofgpliiird 1 a8hetditha gdsifloer mdidring deviek. corhfiises y 8dvitinselected
of.

from the %roug 001’1313 1n§ OP ﬁpflss td’(])‘% c%ar?ollelisor\{’lvlcg)e ! ?veﬁ. guaga%}é f%r dl%ﬁensmg low

oW con
ﬂQW ailtﬂanﬂ ;actfvu istshieom dlengotivesgan gowceg arsl fidvonetdrs nrmpled thh flow control
valyai erconnecting the active gas source and the mxing
devi ce, and wherein the mass flow controller is

12dls sed in h EIH% S now ine, 6. The system of .claim
1, e hE P PGP0 F?tgléﬁa%\ﬁo"ir‘ﬁ ql‘f}pélseé Htive gas Th neat

coﬁcﬁadmyzer. 7. The systemof claim1l, wherein the
nmoni tor conprises a gas anal yzer in a bypass gas flow

13l 00 Prhe %yste-m of SHith qmuﬁl&reﬁ' tﬂé Ig(‘:n]ve Qﬁp &6 éenc&rgﬁseg as ngl S‘P(Wclge and

metering device conprises a mcro-val ve he system
digpenspig Apsel holdipp dredrtivese mi xi ng devi ce conprises a

venturi and the gas flow netering device conprises a
14va| Ve aptiena of ebilm i 161 @Herf:ihalm gtsi ftorege et dia&nsilﬁgmesmlcvﬂains a

ph lcal zgdh orben?mecllemm SOtp&'vel r@faltn rpe fgaosr angi om Vehth a&il‘t/e g5 IS d%sorbcd

source;

fﬂlgh@ergmlgloﬁ@tlvcagagasmfthwmt erl ng device for d| spensi ng
of the active gas at a predetermned flowrate; a

15N XITREsyd@Miof Blaid N SiRGEMints@id BbrKerfbdiig i0aslid.r om t he
active gas source that is dispensed at said

16P7 e(TIﬁ‘I: @%E&r{] ﬁpaﬂi#{p% r»@ﬁe?eup %ﬁngt 43? s& % %.l‘u? Wis E%Elﬁ% vgﬁel contams an

devi ueri t orm trve
interjogly lshseoswl tehdor fguba?@nﬁmﬂf aftiye ghsefrondihe utssqb at agfrespire detcrrﬂmcd

by St bithest 1RGLdukRrgas N xture by additional

17. 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, gjectors, eductors,

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

19. 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.

20. The system of claim 1, wherein the monitor comprises a Fourier Transform-Infrared (FT-
IR} gas analyzer.
21. The system of claim 1, wherein the monitor comprises an IR photometer.
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di  uent gas; and a nonitor arranged to neasure
concentration of active gas in the diluted active gas
m xture, and responsively adjust the gas flow
net eri ng device,tocontrolthe dispensing rate
of -t heactivegas, and maintain a predeterm ned
concentration of active gas in the diluted active gas
m xture; wherein the gas flow netering device
2% onplliespgeraoimias 1f Winreic b ook dr @pmprizesch Edugernivansfoon-Infrared (FT-
Hgghsrbg %&;mrhg%ggﬁoqmpéeg_duce an output control signal
c

rrelative to Sensed active gas concentration in the

diluted active.gas mxture, with the control signal A .
2Dei %‘*ﬂﬂ%ﬁ%?ﬁ i e RuT FqTS SO R e FoRGmRdevices
modul ate the set point thereof to achieve a _
291 edBreemticnedf eloirs 2anwhereini spil galipleomenieringitdedeesj qemptise gas

mgiiﬂoHﬁge&vﬁgstﬂa_Vﬁg gﬁfcmggaygﬁcenﬁﬂﬂ)n%}ﬁfngmdmt}.uent gas is
flowed to said m xing device wthout passage through

25, R P R Ot S o B3 8 PR oo e
meretoeng degicebdmiicga sorpErd ®esna@atde vinsieg solladigt ed from t he
group consisting of mass flow controllers,
26 Cr e \sdtate of 3Gt at RRhE oRprifiheSPANSE AGtive QM5 nfidt@W disBilB% line
of active gas fromthe active ‘gas source, and
coppegiftist R dIERAIHI oS WOEHe PHREf2ElYt r ol val ves. 12. The
systemof claim1, wherein the active gas source
27¢c onibe seteaeftdlaire 2gasheian thediute atmdgds imoxtured8ing Tidity comprises a
se¥ShdMbharkbRlulholpladher €1 n the active gas source
conprises a gas storage and dispensing vessel hol ding
the active .. 14 he. system of claim 13, .wherein .
Bt he @agwg% Sgaélma%% "&F@Be%% PG CAded| m?f’&%ﬁ%“i‘%l’lé‘“ comprises a
chephys vaet dedstasnpestessimdi um sorptively retaining active
gas, and from which active gas is desorbed for
20di SPERSEAGrREERA I UBuIBRS ERMPking vessel . 15. The
system of claim’™l5, wherein sald sorbent nediumis a
an%%vied' %6.G‘The system of claim 13, wherein the gas
§Y'or %"’6:5 "¥Hd di spensing vessel contains an interiorly
di sPosed regul ator for dispensing of active gas from
a dilpeat gA8 8QEYS; at a pressure determined by set point of
the regulator. 17. The systemof claim1l, wherein the
a gad flawnigeteléngi dedcecionispessds: o thdastive @asse b petiedmined flow hee;
group consisting of venturis, static mxers, punps,
a NP H8SRUrEingell B AfYacHleX 8 SromSh€ 8diQE $as BHYE A 8 disp@BE at said

Qpposed j et -equi pped m xi hg chanbers.. . .
predetermined flow rate by the gas flow metering device, with diluent gas to form a diluted active

gas mixture; and

a monitor arranged to measure concentration of active gas in the diluted active gas mixture, and

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

and maintain.a.predetermined.-concentration-of .active..gas.-in-the -diluted - active-gas - mixture,
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 control signal

- derivative of the outputs of the muitiple gas monitoring devices to responsively adjust the gas
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18. The systemof claim 1, wherein the m xing device
conprises a venturi. 19. The systemof claim1,
wherein the nonitor conprises a gas nonitoring device
selected fromthe group consisting of spectronetric,
chromat ographic, colorinetric, surface acoustic wave
(SAW, photonic and flame ionizer gas nonitors. 20.
The system of claim 1, wherein the nonitor conprises a
flpe reteging Tieders foeamirbinthe dispabsip Tate bR ged aatinal gag.emd n@dntain the
pr-gma@erﬁ}ﬁ%& @(ﬁb&fr&tﬁ)ln%f ggtlg'e %a‘é"ﬂletﬁﬁaﬁtéd'&@tug%@é 11:119{ure 0 n? rises

an | R photoneter. e syst em-of ai m

in the r rises a Fqurier
s eo%ywmnﬁg?erég”o(ﬁéw%rﬁy e, Siei Fgrseser upfinglpdep | processing
dgykve tdevekidiom (BSgrouphvensiyisg eftombaratbedinnits, bridgesifuin, titeoprocessors,

rEﬁopotor SR neHﬁes (grsulcédﬁé) e, gas noni tori ng devi ces.
X e Sy m B Pef , wherein said nultiple

noni toring deV|ces conpri se gas nonitoring devices

Shavi Hy S35t Pf i 99 ofelaime dnereht G athprsin ettt higns iwpmeriset § source

mabrial A oreingla@6padf spedidl m 23, wherein said multiple gas
noni toring devices conprise gas nonitoring devices

32h avi 8 s 5‘?01&@5310\91[{395?&{6% ﬁrgé’]mz?tg&% Hpsdaaﬁc})dflge se%gt’ed from
The sys em urther conprisin

theygrpincongsiive of atsing phogphinstiad gempticne  connected with a
dilute active gas m xture-using facility. 27. The

338ySt1&1IS’Issmfteanfainmoﬂ‘50f thﬁﬁ ﬂiioﬂ 4-13[] ewlghrdiniihe dagehi %£ s@t&e comprises a
AL Xt Ur es usi es a sem canduct

dlluen)g %e% 'i;f] ﬁgmptﬁ%ﬁrtoup s1st 0 Stgl,téo(gg?nagﬁan, l? ﬁ\nf‘h Q%?(rypton xenon,

xenmmahdas, Hylhegseoiygon akmatmi antbgasdon € brigdnomgtaliit asitipounds.
conprises a chem cal vapor deposition process unit.

3429. The SHREEHN ohP bnde c'laYﬁi Y 0191 36l it @E58Re gz%céHB'Eé Sdf}fises an
an act|ve gas source, Uent gas source, fl'ow

actinereat sefeged B g P C%S@M Flthfdéﬁf agith gasgpafst b@a@as at a
predeterm ned flow rate; a m xing device arranged to
35m x Tae tysteenr gakith Bérwitchein the hitive ggrais sda@tnddent tha grous consisting of
arsﬁeg%%ﬂfglﬁlg r%%ﬁ%aig'g@?%@rs e% ﬁr(% Flﬁdgﬁlg(l‘upe\glgf t%% RXretolPﬁle g(g’ggoing.
d| I hed active gas hn xture; and a_npnitor arranged to
l‘sf" F &sEBRiaRY P qt ey | oct3Y hgge theaqilpeagispyceepmprises an

. actﬁie ighsificlgig daitbish tefrefluofid

37. A dilute active gas mixture-using facility comprising the system of any one of claims 1-
30.
38, The dilute active gas mixture-using facility of claim 37, further comprising a chemical

vapor deposition process.

39. 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
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responsi vely adjust the gas flow netering device, to
control the dispensing rate of the active gas,

andmai nt ai n apredet erm ned concentrati onof-active gas

in the diluted activegasm xture, wherein the nonitor
conprises nultiple gas nonitoring devices and a signa
processor unit, each of the nultiple gas nonitoring

devi ces generates an output correlative of
moghcien tomeitghoro bl adive \ees igds dimtedhastici bast mrktae tand eegpansively

: t,| S

adgﬂljsé{x]é; Fh% dlsg%glélg %Q oﬁ %{Ecﬁw g’%r %»Cr‘zifgétlglﬁg ﬁ]e& CF?XQII%IECP C(Srm&tratlon of
agF ge &5 ?éhﬁﬁ@mﬂ§g@ﬂmaw§€d to transmt a contro

signal derivative of the outputs of the nultiple gas
whidtin the rniolﬂgordlg‘ﬁieﬁ etliz£OmUIESIp @Rshatoiingddtyidest anll B @ig@A $rocdsbor unit,
eafc]% 0%1 muﬁr l n%C e}l\;lteo%glg ggxgce% %QI{%%I?C& ta‘g:?)etpltlt cggqntwe 09 concen%atlon of
mpwe&eneﬂmumbdd@aneeﬁinWMManmdkmacmmVemgassunmmheduameﬂgml
prg%gsld&ﬁgtr c}é%m% A%d nmael)g 4 %Eoggsg(g u-II'IllE % arch E%tgg fn trc?nsﬁl £ J:o@ﬂrg’l signal
depradive 95 thn g)utpdte\sof tbe mm e dndnitorngt dwwgsrtg ugspoivsly stljusighe gas
ﬂ(ﬁrj n%%ﬁ@rﬁ@er t& 'c'f)ﬁ"twl c}ﬁe dggénglgg gtle rét ut'hé Sictive gas, and maintain the
m Cr oprocessors, rogr anfa gener al pur pose
Pr%%%mﬂ@r@ncesqatwrm@cwﬁamﬂeﬁdﬂawg/ aqswega@frm@prai ms 1 or

4-30, wherein the active gas conprises a source
40mat ex method for ddissrppMtilue gdQ pandriskipeci es. 32. The system

of claim 31, wherein the source material conprises a

pr&Wcﬁﬁg HecHel g@scsroﬁtqe faQMitudnld Fas@Oit C onsi sting of arsine,
phosphi ne and germane. 33. The systen1of any one of

: cogtlroellllaﬁg dié%e%ingﬂr é&%}ge’ L%\SNFK gkgz agté\fe @8% oarc? ?tt rﬂge?iﬁtgmb?egcﬂgw rate;
conS|st|ng of nltrogen argon, helium air, krypton,
migia AHIve 3R el vems SHyt By dndissnsed @hsaichpredsismined flgp rate,
wiBAS RO SO SR MR Buadt | gaf sRRPAUNRASingbvicd N st &Ml active gas
e of clains | or 4-30, wherein the active gas
n“@B%r conprises an active gas selected fromthe
group consisting of hydrides, acid gases and bor anes.
moBRorinEhenepateom afactveagan iB4the \ifiated iactive heas awktonee agh sesp@sively

-adﬁ!ﬁ{t)lg gﬂel‘a% e;reﬁ%ggr ;ﬁ%ﬁ%ﬂﬁg Hﬁkyﬁ %gsc‘ 'ég‘ ’%{XﬂﬂagP E@@Eé}ngﬁeg conceniration of

a“ﬁ?%ﬁﬂﬁé@dﬁwﬂiﬁﬁwﬁ?SWﬁmétof the foregoing. 36. The
system of any one of clains | or 4-30, wherein the
whereini te di 28t @@ i f@wed Ctﬁ'piiﬂ SeEing Hevi@Glithve: [eagd Medupldh Mghss flow
cm%nhrorahggg I%%% 37. Adilute active gas
XY OF 8- u5|ng ?a0| & conprising the system of any
ne of clainms 1- 30. 38. The dilute active gas.
4y -m x g eethd of glampd, whergin gfe step &f pAnETllabydispensing egivp Epssiomgrises

modulf @ Mo® ¥ the active gas with a mass flow controller.

42. The method of claim 40, wherein the monitoring step comprises flowing the dilute active

gas mixture through an in-line gas analyzer.

43, The method of claim 40, wherein the step of controllably dispensing active gas comprises
modulating flow of the active gas with a mass flow controller, and the monitoring step comprises
flowing the dilute active gas mixture through an in-line gas analyzer to produce an output control

signal correlative to sensed active gas concentration in the diluted active gas mixture, and

17




vapor  deposition process. 39. A nethod for delivery of
di lute gas, conprising: providing an active gas
source and a diluent gas source; controllably
di spensing active gas fromthe active gas source at a
predetermned flow rate; mxing active gas fromthe
active gas source that is dispensed at said
predeterm ned flowrate, wth diluent gas fromthe
trgtisinivémt thegasird oignad & tho mho Mowaonlidlette dloﬂlﬂité Vee pgjaiSthereof to achieve
a F[Frf]: tﬁﬁ%&d ?oggtaré gtgfg{? nellstcglgclaegsllt%rtﬁgn %nﬁl?eg}ﬂu? El aﬁ, (%%t&r{c;‘éﬁy gas
dj ugtin the di spensing rate of the actlve gas, to
i ntigpeted gt @a@t‘@r il the sar e roRE PR dlé&en%gﬂqﬂvega@ ganprises

mb(ﬂllettlhg 116k lofifhe deti6 kaswaAthAgevite Xetléd:feﬂ fro B Q‘bﬁb &dﬂﬁstmg of mass flow

p utili nultl as nonitori

Cog‘gﬂg}#e&s ?“’é?? Eﬂasi‘é"’s Sryae f?F glé%eé‘%% ﬁl‘t Tates o ACtYF gi‘ﬁh%"m the active
gavsdurdepdng flgasicon Rbdpbsdivit fdercones vageker at es an out put

correl ative of concentration of active gas in the
49i | ufRAndcdal dfeclﬂrﬁglomwﬁérﬁﬁ Ghe ARG g@%ur&)G ;%}Hgspycﬁivé gas in neat

transmtted to the signal processor unit
copfii¥essi ng, and the signal processor unit is arranged

to transmt a control signal derivative of the
46out pliine snedfodtdielam [40] pheeigale atind tariomge devprisesa fgas storage and
. the gas flow netering device, to
m%%%@@Qﬁ%%ﬁ%Mg@ggéﬁgf g rate of the active gas, and

nal ain t redet erm pe concentratlon of active

4Tgas A Tehe o‘?fl %’efeq“ O el e SaniRuags and digpensingruesp gontains a
phﬁ/@d’al gisbrbate mydiah s&bﬂn&tﬁe@ﬁ&&g aClRARAY, SIdTEm wREIOACHK 0 istfsorbed
mr act | Lve gstsou §_ ag glluent gas source;

OWETBE Aty & S-S ¥i¥Fheti ve gas fromthe active gas

source at a predetermned flow rate; mxing active
48qas The mrthedef chim #{ evhgrin ssidadsodentivandiug's dicdidensed at

said predetermned flowrate, wth diluent gas from
49t he Tié Imegiot of akirs @ay W&reih mheagefsri sldrdgg ade \disp@sing Gredsell dhn@ins an
mtgl%olrr]lmdl%dosg lt'egl.h at 1gfa ra 1 pe(}Sénggog §ét}Vﬁ g?sﬁgo nhﬁhF uesge&g ARrpsye 8fggrm1ned
1wnﬂpmuhﬂﬂwathnespon5|veIy adj usting the di spensing

rate of the active gas, to maintain a predeterm ned

50.CONGBOMERSd Sl 40 a@ﬁaralethg %ﬁmh@stéﬂ"«%m‘%h!sédtnﬁﬁngﬁtl‘vé/ gaseaﬁ the
as | s to sal

n1xture8%¥$ere|n the dj | uent

actiyP 25 3GUrERARE dHushi 828 Fam eilue) éastsﬂ‘fr% YHings ring deyiggelected from

theCQBIP &dnkigting Ot ﬁnfuh@WtdixESﬁké@tﬂuﬁiﬁs edoBiRMors, 4ckary HiRers, ejectors,
aim40, where the step of controllably

- edug °§Sp%'gl Pﬁﬁ%&&& ?qvaifa@xea betss

51. The method of claim 40, wherein the mixing step comprises mixing active gas from the
active gas source and diluent gas from the diluent gas source, using a venturi receiving the active

gas and the diluent gas.

52. The method of claim 40, wherein the monitoring step utilizes a gas monitoring device
selected from the group consisting of spectrometric, chromatographic, colorimetric, surface

- acoustic wave (SAW), photonic and flame ionizer gas monitors.

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

Infrared (FT-IR) gas analyzer.
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nmodul ating flow of the active gas wth a mass fl ow
controller. 42. The method of claim40, wherein the
nonitoring step conprises flowing the dilute active
gas m xture through an in-line gas analyzer. 43. The
met hod of claim40, wherein the step of controllably
di spensi ng active gas conprises nodul ating flow of
the active gas with a mass flow controller, and the
54oni Tirmatipdof dpmcidnphargethe mohigwing sfert Wdizeh ah UR ehaebdtare
gas m xture through an in-1line gas anal yzer to produce

5N OWHePHEMSDOE Elftn 461 vERAIn §:0MhdktBddsVRept RilFENS FOuIRS UTrahSform-
e diluted active gas m xture,

ntration in
gy d@@ﬂ%ﬁﬁ&%{f%@ﬂﬁ‘?@%&%ﬁm signal to the mass
flow controller to nodul ate set point thereof to
S@chi Bipemethpdg edém Pniviresn giometnapringzstpi wWidizeyampltiple gas monitoring
d&pacentration in the diluted active gas m xture. 44.

The method of claim40, wherein the step of
ri ses

ontxol | di s RS act.i S conmp
Sfmdu at @b"d 9 “gf tﬂ’gg}%{&‘“’?l\“}é““&‘g’ #'th “é“"a‘&/ileé’éces comprise gas
mgrefodag dedicésrhoning hdiffgrigupes congirstonnensof nddsy. f | ow

controllers, mcro-val ves actuatable for dispensing

54, ow fﬂe%tﬂo@t(ﬂ%laﬁlfl BCHvhotein 388 nidipi %Ja%(ﬁﬁ:tbﬂxﬂ@edevg:@sscompnse gas
sqQur.ce rovvmeters coupled with flow control

m?}’étP’i}%d"“& 25 hawitpga $AEIe R CORFeNElQn snding madhdiei n t he acti ve
gas source conprises active gas in neat condition.
5946. Thhencttet e dlavf 3¢ |father d@npriwing flewing thredibitt dotiee gragnixture to a

dllﬁfé%t%ggs‘}ﬁ%&eﬂ%& Ry Storage and dispensing vessel

hol di ng e active gas. 47. The method of claim46,

mher ora di spensi ng vessel contains

695 &6@8{? HRe b erE i ir 3%“% I3 P& frefy comprises o
setbndugogasyizamndnd plamm whi ch active gas is desorbed for

di spensing of active gas fromthe vessel. 48. The

s1et hpd odndal @i 6o, WRELS R s&ﬂc%ﬁ&%ﬁﬁ%mﬁﬁg bfdﬂp éoﬁlpﬁses a
solid. 49. The nethod of claim46, wherein the g

Ch%nt“l%‘ilé{ﬁ@r‘éerh’@“éﬂné’&@ﬁ@“ﬁ@ vessel contains an i nterl orI y
di sposed regul ator for dispensing of active gas from
62t he Thessdiod af clainpi% sheutie tltbesi@alrp'rmﬂor iyt is@tdepo pratesgifig device

selgé?e% ﬂo%gg‘lt %LOQI% coés?stm oie (v n)% 1rc'1t%(r.:j c19c{u1tsc brué%e cuipmtsmnxf@ﬁca)rocegslc?rs and

Prmélega@réowwecmtﬂda I uent gas fromthe diluent gas
source, using a mxing device selected from the group

63.CONThé trhe@hdObf \CRITHh U4, Scomblidihd FloMinke Huted Wb, gas mixture to a
ressors I ot m xers, ejectors, eductors, and

Sc%ﬁ%”g‘écéﬁ magy a%ﬂfﬂﬁggﬁ’éﬁy m xi ng chanbers.

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 compnses a source mater1a1 for formmg a

dopant spemes et

66. The method of claim 65, wherein the source material comprises a hydride selected from

“the group consisting of arsine, phosphine and germane,

19




51. The nethod of claim40, wherein the m xing step
conprises mxing active gas fromthe active gas

source and diluent gas fromthe diluent gas source,

using a venturi receiving the active gas and the

di l uent gas. 52. The nethod of claim40, wherein the
nmonitoring step utilizes a gas nonitoring device

sel ected fromthe group consisting of spectronetric,
6t hr ohwtagrod phtleim 4 vbereimgiterdilognt gasrsharcreconposey 8 tdilgeni\gay eclected

Il n S It
frén?”%(g néroﬁp g‘bﬁk@tl g)? %utcl&%%o% !hglﬁl'}rh %t kﬁ%{&o? ?%némst;e%bn halides,
h}@tqurl, Pegen am@mm@pd Taseqvs prgpmamelaficcompadndsFT- | R)  gas
anal yzer. 18 54. The net hod of claim 40, wherein the
G&mni Tharnileﬁ@d of elpimldd, kwvhéfreﬁ tl&nacil\R dfaheduessRb@prisedin acliltegas selected
noni toring step

of clai m.40
u‘? “Fugr %C"“S‘F-%“ f I@F‘:‘hﬁi?S:f‘n“é %seﬁ}a“ T¥& ed (FT-1R gas
anal yzer and an IR photoneter. 56. The nethod of claim
690, fiﬁ@fe&% of el Phesein g astispzas tsiselPgekirom fheigpiup cepsisting of
arfiRN oSt R OperHOM] GREY, ¥, SN, ARf BRAr&Q o Glodr MofQf the foregoing.
wherein said nultiple gas nonitoring devices conprise

70983 Thg%{h'b&’ [)f J‘anql% V\k/l%‘leesfn @Q?AIU?% ga%égurc mprl%ts %I?%ptl\’? gas including

concentration sensing
cathomictraB@ridavher ei n sald mul ti pl e gas nonitoring devices
conprise gas nonitoring devices having a sanme gas

71 C O n ('.‘RBB Trié&bdl ONclEANS) ﬂ&reﬁﬁ) dl%'sief) 51 coﬁQellaﬁ@thﬂ&Isfﬁ@ Aotk gas from the

further co risin | ow dilute active
eI AL PG P A £ PO P e SR 2 85 flow
mdtainp Héviog cobftisinghanietviloel of cl ai m 59, wherein the
dilute active gas m xture-using facility conprises a

72S €NMGOREMES 6 cldigng] f \ﬁlﬁe}éﬁ{ fh@ 9:11>9}(1]§‘§?ép coﬁl%rlselhgwﬁgtaagrg g%f from the

cl ai m 60, wherein the sem conductor manufactring
actifleip SRBTRpPIdsElIen{ 2ag fiop g diiyenh gps Y6 P 2 BB gt step of

cottidilhibly @Rpendig 2bBlehQd Rim eedcM38as WORE &t B friRtedhid@BHow rate
pr ocessor unit includes a processing device _selected

COFPTRY t1RE of AEHES Fed MUPYR| hEps dtove BRiSEr G Igice oppTifitgs valve and a

resticict gow otifi@betven ik ¢41QMOERSSOHS, and programmabl e
general purpose conputers. 63. The nmet hod of claim 40,

73 C OMRAIh Ao deME i R ABhe gas m xture to a

sem conduct or meEnufacturing facility.

providing an active fluid source and a diluent fluid source;
conirollably dispensing active fluid from the active fluid source at a predetermined flow rate;

mixing active fluid from the active fluid source that is dispensed at said predetermined flow rate,
with diluent fluid from the diluent fluid source, in a mixing device, to form a diluted active fluid

mixture; and

adjusting the dispensing rate of the active fluid, to maintain a predetermined concentration of

active fluid in the diluted active fluid mixture,

wherein the diluent fluid is flowed to said mixing device without passage through a mass flow

controller or a flow restriction clement.
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monitoring concentration of active. fluid in the diluted. active fluid mixture,. and responsively......................




64. The nethod of claim63, wherein the sem conductor
manuf acturing facility conprises a chem cal vapor
deposition process unit. 65. The nmethod of claim 64,
wherein the active gas conprises a source material for
formng a dopant species. 66. The nmethod of claim 65,
wherein the source material conprises a hydride

selected from the group consisting of arsine,

phosphi ne and germane. 19 67. The nethod of " cl ai m 40,
wherein the diluent gas source conprises a diluent gas
T5e| eticetystemr ¢nslaine3; (R Hrastie WG sepron copipggena semiconductor
pra€edORs a8 A0 fr@dr . krypton, xenon, xenon halides,

hydr ogen, oxygen, ammoni a, and gaseous organonetallic
75 onphignatshod @8 claikha), wérbia theafilugk gaskowtts compeikes laMilhidiegas selected
fraﬁqtﬂimve as source coppr ' ses_an cti vg das se ect ed ¢ th
TTom TR Grotpecon Sti'ty 6™ AGEHT JBS MAEEY O Y Hifg o the
folrgeiapes. 69. The net hod of claim40, wherein the

active gas is selected fromthe group consisting of
T6ar siheystepHersishvaneof dijate gesee comirisioe3, Si F4, Si H2Cl 2, and

m xtures of two or nore of the foregoing. 70. The
anefie@as wfircgl ai m 40, wherein the active gas source
conprises an active gas including carbon
a dibdi 3fs sH@kd; de. 71. The method of claim40, wherein the
step of controllably dispensing active gas fromthe

active as sour

5 Pl AU 67 Bl RS R i B
nmeteri ng device cqurising_a m cro-valve. 72. The
3 GYBIMG rUERE dqVise Airanged (R agtive ErdTam hF AgVE BEToREhibAT is digpensed
at 54i@ Wrd@erdfitdd R WIAR By Qe Bow Afckdrik® dBA&, SO RIBer@ RS to form a
dil uent gas fromthe diluent gas source to a venturi,
dﬂﬂﬁﬁ“ﬁﬁ%?gPBﬁ“%¥mmcontroIIany di spensi ng active gas
fromthe active gas source at a predeterm ned fl ow
a megiiter angpgRgIte giessufe| cogpenifatiae bi arvayms irt the dilgér ativrags flixdivwe, and
) . ' . . I .
roFsi AT 8 pOTTRITLAG P WUk Pk R B S
andyppipngh afrsrdelganinsdepycentfation plactévefgatin the difoigdpdtise gag mixture;
prov'de an active fluid source and a diluent fluid
Whgrswr*{}%‘?l g gt BT P 05 Spansimiyng gevsravitheyngsspgediopghe mass
floabitiofled dr Abel r&RUTGLeI@ten Predeterm ned flow rate;
m xing active fluid fromthe active fluid source that
770 s dhsyyemseliclain awbkrgn the dyramm miethg kb ow coapeses a pinih
diluent fluid fromthe diluent fluid source, in a
m xi ng device, to forma diluted active fluid

78. The system of claim 76, wherein the dynamic mixing device comprises a compressor.
79. The system of claim 76, wherein the dynamic mixing device comprises a rotary mixer.
80. The system of any one of claims 1, 10, 29, or 76, wherein said monitor comprises at least

one infrared radiation filter element optically coupled- between-an-infrared radiation source and @ o

photometric detector.

81, The system of claim 80, wherein said photometric detector comprises a thermopile

detector.
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m xture; and nonitoring concentration of active fluid
in the diluted active fluid m xture, and responsively
adjusting the dispensing rate of the active fluid, to
mai ntain a predeterm ned concentration of active
fluid in the diluted active fluid m xture, wherein the
diluent fluid is flowed to said m xing device w t hout
passage through a mass flow controller or a flow
81.est Thectybtem o€ Lleinedi), wh@€in AdleasT hee isfystdmiiofiondil@t eferSent is coupled
uﬂﬂﬁ&ﬁo Ihe.agLi ve fluid source conprises a

conduct or process gas as the active fluid. 75.
The net hod of claim40, wherein the diluent gas source

8%0 np’[‘l‘leSS@teﬂ d} 'c'laer:r‘ %b Q[?e?e1§ @Al& 9{ fégst OB{ ﬂﬁ‘i}a;eﬁ Qa(%{tlgxlrl ri*ﬂ’ce:r eIement is

consi sti'ng
adgpted Woa“@W fmmssw of n@sagf: @f é@@ifﬁbspeq‘@l pcAtlwsftselmlrffmed radlatlon
saitBlok iR Ib¥ing Ehaga!c{eﬁie@ b9 & pedeternHIR %\%léﬂgth rar@fl active gas
source; a diluent gas source; a gas flow netering
device for dispensing of the active gas at a

3pr edHIe%'&s!ﬂ:rﬂ Oflclhilo8y, Bdrein sﬂd dysnadbfectill ¥brfibh 6fe¢idGRfrared radiation
arran %p nlx actllv%g romthe active gas source
et PetPeSvelaethdba § Praderit KeHEE T & rate by
.the gas flom1neter|ng devi ce, mnth di luent gas to form
t|v ito
5o nibsdiien BEcbre? Horth b e De-Gattiv Chrel i eigtision
eng@tpasses gasvelvhgth substantaliglunabesied bg saiedcyiveglp.ust t he gas
flow nmetering device, to control the dispensing rate
of the active gas, and maintain a predeterm ned

86CON C’[%Q ts&s@érﬁmgf]clg t'n ?tc\iﬂe}ég sﬁ.u m lt*lIHtOI‘ h(%{lp(ys%s att %% dtaot% fﬁare%q'gdiation

m xture erei
filigy elemane Onﬂcadlngurd@khewewrt infpared @agtscageurtemné a ghotematuisdstector.
flow controller or flowrestriction elenent. 77. The

878y St1@MQdter loRicMind Re, \M\]& 81 st ﬁh%toq%?@ﬁe%cﬂ )ébrﬂlg'l Wﬁsey 'tl?e%nopﬂe

conpri sés a punp. 78. e systemo alm 76, erei
defegter- dynani ¢ mi xi ng deV|ce conpri ses a conpressor. 79.
The systemof claim76, wherein the dynam c m xing

deV|ce conprises a rotary mxer. 80. The system of any

Sone 15 SEIFH GhsIatm 560vhersg: at dst g infesd anchrogn filer lsperig coupled
to 6 PRtdrEDsc dteclogast one

infraredradi ationfilterel enentoptically

coupl edbet weenan infrared radi ati on source and a

89. The system of claim 86, wherein said at least one infrared radiation filter element is
adapied to allow transmission or passage of a desired spectral portion of said infrared radiation,

said portion being characterized by a predetermined wavelength range.

60. The system of claim 89, wherein said desired spectral portion of said infrared radiation

encompasses an absorption wavelength that is characteristic to said active fluid.

91. The system of claim 89, wherein said desired spectral portion of said infrared radiation

cncompasses a wavelength substantially unabsorbed by said active fluid.

92. The system of claim 1, coupled in diluted active gas mixture-feeding relationship to a

semiconductor manufacturing facility.
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photonetric detector. 81. The system of clai m 80,
wherein said photonetric detector conprises a
thernopile detector. 21 82. The system of cl ai m 80,
wherein at |least one infrared radiation filter el ement
is coupled to the photonetric detector. 83. The
system of claim80, wherein said at |east one infrared
radiation filter elenent is adapted to allow
9% r antiri wytro el drinp? sageinche emiwsduced mepdaturial fodity ¢apprises a
cﬁgfmcgpva orld Jsig&ggmge@sdd ftion, said portion being
char ac eri a pr edeterm ned wavel ength range. 84.
The system of claim83, wherein said desired spectral
9 or t Thsrpyesem eh¢laim hiwhajemghe didticalt §ap pouresfempgS & €8ucaingas sclected
freR Ry Qbuﬂ)&n%}h%lo? NG R, tdakrehs h%hﬁﬁ aa‘ﬁ& %ﬂ(t&teé 6f BR &%Q‘e of the
active gas. The systemof clai'm 83, wherein said
fogrgeing-ed spect raI portion of said inf rar ed radi ation
enconpasses a wavel ength substantially unabsorbed by
9ssai dA afatcti¥Sl@ad sysken adbpted 53y s&@nﬁgmuminadcmeanammaﬁhe pr0v1d1ng
sai.d noni.t.or co |ses at ast one infrared radia
an 1561y F“aEP%‘n@Oﬁ"f f?,% oF €afaliye ¢ pa[ Sl epleTHEE) SgHcS H”F’Flg?lé& difuent
materchl Abw,and sdnpme(ce) datingtr accpiﬁﬁllzibl'ﬁldw oFf adﬂﬁt@d:ﬁoﬁfre mat&7al mbih@e to an
tric detector

cl ai m 86
Bl eo b PuE i T oaLratrer o el et ahe of
cl aiam®BGial ermacmngabwbmsdlsmmg thed zrcawedateradi ation
fil ta%lxﬁk ﬁggégtaﬁrht%eé 82 1X ﬁl tEv% n‘tLa, er1a]gt% dlﬁwnt ma derlalt flow to

det ector. em ¢
fomaéltutqdmetmemfareaﬂlenixm@dl at | on f| l[ter el ement | s

adaQit ﬁ&utop a@zjngQtho @.ﬁﬁr@ ﬁl?atfa{l a)? g@gtﬁat&fal i g,@sd dl{lﬁﬁl active

spectral portron of sai rare ation
mysesial g edg char act eri zed by a predeterm ned

vayV gl e Blehah gﬁang o redfe § ¥1§£a@ %rﬂ:flatl% & a@ﬁ\%%atéﬁaﬁéoﬁbﬁtratmn

sai d desired spec portion of said Infrared
fromy e gRqugier andrie 6%%@@@ aawstatb% srafstizl o wnaetetingndfvive tih gentrol the

dlsbélsﬁlﬁ 3ht8 Off @d i€ nhaRrifabel AGiniaMea blediehmiRd - codRBirat¥s o€ Metive
m 89, wherein_said desired spectral portion of

maéeé‘f'ﬂd“ aﬁfdi'l‘étF dastirempieal BRWEBnconpasses a wavel engt h
subsihaliniadlehsy okt Maﬁ@nﬂ&l@ bW amCihé ¥iichd tHdidhial Bdv 1sB?@vidcd

stem f.claiml, coupled in | uted active S
fo ﬁ%’lﬁ’ﬂ’ﬂ?ﬁ’e levige WithAYt PaseRs SPEMERT B‘aﬁsg{"g COREPAIA H’HE?Q%Passage through
a flownesdradbnglemge.f aci lity. 22

96. The material blender system of claim 95, wherein the control element comprises a central

processing umit;

97. The material blender system of claim 95, wherein the control element is integrated with
the monitor,
98. The matenal blender system of claim 95, wherein the material flow metering device ;

: compnses a mass ﬂow controller.

99. The material blender system of claim 95, further comprising a material flow line
communicatively coupled between the active material source and the mixing device, wherein the

mass flow controller is disposed in the material flow line.
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93. The system of claim92, wherein the sem conduct or
manuf acturing facility conprises a chem cal vapor
deposition process unit. 94. The system of claiml1,
wherein the diluent gas source conprises a diluent gas
selected fromthe group consisting of H2, N2, 02,
argon, helium and m xtures of two or nore of the
foregoing. 95. A nmaterial blender system adapted for
1gbupThengatetid] fbleader axyitery ef rebfie 1952 wh&eiti rthee moriay i cdinpses am in-line
m%gé{mlagal material flow and for coupling with a diluent
erlal source providing a diluent material flow,

@ a&ge ted to deliver a controll able flow of a

| ut ednaE ] Vendfr e 4 climdburehy Gorapising @ OyRAS: e flay loop,

wh&‘rélﬂﬂidﬁﬁh@@orﬁlbﬂ&ﬂ&)ﬁsefs aGirdt inbolitor HldgosEmih BeibfpasDh@ETE Row loop.
systemconprising: a material flow netering device for

163 S PERSH G Iﬂﬁn&?ts&s\'é?n BREGH] 84, ’wli%rem ?ﬁle NG h&E metermg device
arranged to mx the active material flowwth t
crsEAMisarars-al flowto forma diluted active
material mxture; a nonitor arranged to neasure
1@30oncBrtomagdrialofendér sagdm viEclaimtods wiakein the tivénglielvigt edhmictsiawenturi,
aMe%AtéEHal ﬁ%&(}n&% g (%{}Se n{p%ngs anl lvg !1 %rgeres"m ?Ptdrfﬁ)r\;vgq%qicé fetween the
recelve a sig corre Ve of ive ma
Vaé:‘@ﬁetéﬁwr'mqmn from t he nonitor and to responsively
adjust the material flow netering device to control

1he Tlﬂin&&ﬁﬁlﬁléﬁ@errs@tt@n of cliiesaetdreie heBEBE nfilerialabtkce comprises a
concentration of active

gL et i Bt VoD P BB REPR ri Xt ur o
wherein at_ | east one of the active material flow and '

106he T mpdstinl Mendersvaipm of swm §049 WEFiE dlep material paragg sndrispensing

veSl8VEoRRinda tsh®EH: n&@ﬁﬁ%ﬁ)tﬁvaf/ %Qﬁln%adﬁ&@ hafeh A AL b kr&h which
and w t hout passa throutg low restriction

aciyedpaigtal s é@orbfffh%r BRI Ve mperel Pt Ry STl cl ai m 95,
wherein the control elenment conprises a central

10pr odldis giategjal plender sBRm oflkkainrbdSe whertin brliksedwnt medginein oflid.
claim95, wherein the control elenent is integrated

IOWi t lThe hﬁ&nﬂﬂﬂéﬂﬁﬁrsyst&:s of dlhign ezt ehdréih t endRir stopgd ﬁi@(ﬁﬁpensing

N T
pré$uendbermmydiiyenseqioint bithereg@atof. ur t her conpri sing a
material flow line conmunicatively coupled between

maﬂe Tﬂ@hlat\éﬁal HRh &Y s ptenS OISR 93NEhede hBImitiRgdEdRY ic68prises any of a
ereln the

venturi, a static mixer, a pump, a compressor, a rotary mixer, an ejector, an eductors, and an
opposed-jet-equipped mixing chamber.

109.  The material blender system of claim 95, wherein the mixing device comprises a venture.

110.  The material blender system of claim 95, wherein the monitor comprises a material

acoustic wave (SAW), photonic, and flame tonizer monitor.

111.  The material blender system of claim 95, wherein the monitor comprises a Fourier

Transform-Infrared (FT-IR) analyzer.
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monitoring device including any of a spectrometric, chromatographic, colorimetric, surface




mass flow controller is disposed in the material flow

line. 23 100. The nmaterial blender system of claim 95,

wherein the nonitor conprises an in-line mterial

anal yzer. 101. The material bl ender system of claim

95, further conprising a bypass material flow | oop,

wherein the one nonitor conprises a first nonitor

di sposed in the bypass material flow |loop. 102. The

1at eFlicamaistidnderdes ywteamobfclagh dsmwdibreinniber womitot lvemprises an IR
jal flow netering device conprises a

m cro-val ve. 103. The material blender systemof claim

5, erein e m Xi n evi ce co rises a venturi.,
lfg*nd ﬂ?f Y, Fegﬂeff%wg rf’gt ém* g & kbirie dhe; % BIOpiqr sgwpgses a Fourier
Taadfuren-TafagtedFT AR} 4nalykee dnd dndR/phstorhétee bet ween the val ve
and the venturi. 104. The material blender system of
11l ai e9Rate G dyhtemadtdide RLRehB] aROMEGRY %&ﬁn{.@ %mp]e
a .material storage and dlspen5|ng vessel holding t
maferigl PlanipEpadeviges: 105, The material bl ender systen1of
cIa|n1104,_mhere|n the material storage and di spensing
lives sk roseriahPlasden sptsnb enelaime tidu wherein pidvigdlijple extoaitering glevices
co%hée\éﬁaté}ﬁf tﬁSﬂlt@hnﬁ"&%ES‘ h@l/m (’ﬁﬁgn &J@n%oﬁ&ntrﬁ&k 'séﬁgln%modﬁhtles

naterla I's desorbed for |spe sing of active mat

fro the V. rial blender s
) o RS o i 4 B P T S process
fadlty conijr@esmatmicbaluctot endérctusysilam of cl ai m 104, wherein
the material storage and di spensing vessel contains

11an ik Q:Halte%ﬂ Meﬁiiels E},@ﬁ@ldoff &l AkOkhdGh att SRENSIRGr AabiNBuring
mat eri al ssel at a pressure determ ned by

plagt &Pﬂbfa.aﬁ{lcﬂa?a Fiper BEIUPHCSS YO8, The rmateri al
bl ender system of claim 95, wherein the m xing device
11 ondihe setsrigd plenddr sgsteny eflaimi 95, whestimtheatilning evaterial coupises @y of
BD 528 Oetiu, 4i0t 1 X ! { i
wERERARAKod, LISl LEEE M SUAE! ool SOHG) Ship.

gas{?a%sargammmlwgw wyst em of claim 95, wherein the
m xi ng device conprises a venture. 110. The materi al

19| efitie malsyasltbmnﬂ@fsysiéma bfrl&il, 93niverein nhet deivamatetia comprises any of
arsﬁlgq}a ph8, AL S, TSR SRLEAD device L ne ud ng any

dpecty rona raphic, colorinetric,
phot oni ¢, and, fl ane

ur ce 1 C vvave
128 o, "e’PatFrﬂﬂﬁ g‘%ﬁitﬁf sygigx of ff*H’é“ ﬁf‘f&?@a (hetsiais drteral compRifep p hydride
selaitealfmraﬁe grdpdofdidfling bEarsiid) pllogphitePimalgtSRGe.a Fouri er
~ TransformiInfrared (FT-1R) anal yzer.

121.  The material blender system of claim 95, wherein the monitor is adapted to continuously

measure concentration of active material in the diluted active material mixture,

122 The material blender system of claim 95, further comprising a discharge conduit disposed

downstream of the monitor and adapted for fluid communication with the material-consuming

process facility, wherein the material blender system is adapted to deliver the diluted active gas

mixture comprising all of the active material flow to the discharge conduit.

123.  The material blender system of claim 26, wherem each of the active matenal and the

diluent material comprises a fiuid.
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24 112. The material bl ender system of claim95,
wherein the nonitor conprises an IR photoneter. 113.
The material bl ender system of claim 95, wherein the
nmoni tor conprises a Fourier TransformInfrared
(FT-1R) analyzer and an IR photoneter. 114. The

mat eri al bl ender system of claim95, wherein the
nonitor conprises nultiple material nonitoring
1Hevi EegnatetizBhlen@itre ysvem eff dlain 2b)| vdweoterang pitheativd matk@l and the
dihbde mahef Sk né@h?as”“' tiple nonitoring devices
conprise material nonitoring devices having differing
material concentration sensing nodalities. 116. The
Litat eFheanatgspliherdsr sgyjan efplan 26 vdierringsy olfhesctrqmetprgal and the

difeiitinv@erialRiBfideah ig@Osum ng process facility conprises
a sem conduct or nmanuf acturl ng plant. 117. The materi al

m of c 16, wherein.the sem condu
ﬂr)?anu &eﬁ%ﬁﬂ HYBP% c a ﬁ‘%‘rolr é% gvhgrelélﬁglﬂfq?a]ltor\?%mses at ?east one
inftepdsilibiiarilipr desmsoptiodlly.codild bethoen At es¢dahdiblonssl@se and a
ph%%megmdgtg tcI aim 95, wherein the diluent materi al
es any of nitrogen, argon, helium air,

krypton xenon, xenon hal i des, hydrogen, oxygen,
128 nrolrbie ametizpd cbf C@érselé@swm@a sodrphaidthétiae daenpropatbgrised 2 Ghermopile
detdd@r. materi al bl ender system of claim95, wherein the
active material conprises any of arsine, phosphine,
germane, Si HC13, SiF4, and Si H2C12. 120. The nateri al

120] £ RERFI DWadeR BsRn aﬁlhﬁécma 9e%e1vé"ﬂlecfc§€re']natt&§ﬂ st fr&ﬁ an active material
materjal conprises a i de selected fromthe group

SORIEH &R o rﬁiflvafa ‘é}P@Ptn‘@atefﬁ’ll] &wrﬁ&%a dilpert geteRplnteurcy, end aggpied to

delk be@ollaﬂileﬁﬂk@ﬁﬁf asdﬁﬁﬁdﬂfﬁh@cfe 1hdtdialMnSRure WNAIEHR- IBRrial-consuming
i.s ad tﬁd to continuously neasure

pr?:CSﬁ(%‘ﬂW Heimsirrighblender sye QI sEg: i n the dil uted active

mat amiagdrialnioxt Iﬂest&mglizaceTéaeptmb dispenbe 018N AR ofSHESLHVA ritfierial and
thecf’ | m 95h 1f urther conprising a discharge conduit
gf)”é T8 ownst r eam of the monitor and adapted for
fl uia ahmmgmmmb addnig@ttomix the bétive Matedilifblv-vdONBauiiuag material flow to
fmg] acle?éﬁ fig¢ age mier ein the material bl ender system
adapted {“ WPEYEP the dil uted active gas miXxture
conprlntsmtngaraalnlgedoifo inépsura cbnoedranod of raive frhataniat m thhailuted active
magin g:ean(aondwt 123. The material bl ender system of
aim wherein each of the active material and the
di | @leﬁllfmhmrr@mmag ugt raengsd go gedelvgiadsigdb correlative of active material

concentration from the monitor and to responsively adjust the material flow metering device to
control the dispensing rate of any of the active material and the diluent material, and maintain a
predetermined concentration of active material in the diluted active material mixture;

wherein at least one of the active material flow and the diluent material flow is provided

to the mixing device without passage through a mass flow controller and without passage through

a flow restriction element. .

129.  The material blender system of claim 128, wherein the material flow metering device is

adapted to dispense the active material.

130.  The material blender system of claim 128, wherein the monitor is adapted to continuously

measure concentration of active material in the diluted active material mixture.
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| 124. The material bl ender system of claim 26,

wherein any of the active material and the diluent
material conprises a gas. 125. The material bl ender
system of claim 26, wherein any of the active materi al

and the diluent material conprises a liquid. 126. The
nmet hod of any one of clains 39 or 40, wherein said
nonitor conprises at |least one infrared radiation

131 | t ‘€re whienad rilendpt dysterth | of b pll28,d whertinglen manitdr nbmamisesl multiple
mﬁéﬁgﬁ@%‘h&{fk ggy&&g and a photonetric detector. 127. The
met

I'aim'126, wherein said photonetric detector

onpri ses a ernmopil e _detector. 128. mat eri al
B en r el @Pﬁﬁ%ﬂ&g Yy of la%i%% sy saick mplElE gRomptprine devices
cdnbppive fhaitemill anniating d&iceelia@ing differisgOtdtertal ednbentratidh@@Ring @nodalities.
diluent material flow froma diluent materi al source,

18nd agaptieh bRnddelviMe lof }1aGRNEE OlheAdd ehel AcAVE- Hhat@ial -consuming
diluted active material m xture to an active-

PIREE R LY CUBRISET HHICOMIERSY RIS RIS  he materi al

bl ender system conprising: a material flow netering
1devi Be natraipt iehderoystins plevirsre 128, (Urdersompnseng dicchegamnduite
dlgﬂageﬁrdb@hsn@%ﬂﬁi of tfl@ﬁoﬂfol Hﬁrzﬂl gﬂéﬁtﬁﬁrﬂuﬁﬂ mmﬁumcﬁﬂoﬂ gv1tg ﬁ\ﬁgﬁa?erial—

arrange to mx the activ terial ow Wt
°°ﬂ$Wﬁthf?§¥1i“éIWhﬁeé\/ﬂ“t paterfabblpadar b dserdariet tp vl'éwer the dituted

achPd Bt miT¥d isiflg PGt R ANEEEh © e s £ conduit.
concentration active material in the diluted active
t ure; and a central processing unit
1353 %@é*&tefle}ﬁ%é%ﬁ%enhof§la§ﬁé%8 E’B?Y?I%F%?Pu e ggtive pptetjal and the
dilvedt etatedidl conpiveenfhiiat i on from the nmonitor and to
responsi vel y adj ust t he mat eri al flow netering device

15kar AR R SRR RS b o o oRar e T4 W8 e

dilpen¢ theteual womgrbecoges.ent rat i on of active material in the
diluted active material mxture; wherein at |east one

13@]; tT'ﬂ@ nﬁ&hél‘ﬁ%ngg?tsﬁfemf cfaln? ﬁSaﬁger Pgnycyf lﬂ‘}é%&L e%‘eﬁﬁl’ aﬂh the

low I's provid he m xi ng device Wit passage

dﬂt‘?’i’ﬁ@@@hﬂwmgs Efll%w cont rol l er and without passage
through a flow restriction elenent. 129. The nateri al

138 endem:syat h@k Gitath BrlRS, ondh@r Qhifhs 9301 ITBLBELR! safd BWhitor

neteri ng devic % 3 adapted to di spense the active
COAIISES Ft ast one infrare radlatlon filter element optically coupled between an infrared

radiation source and a photometric detector.

139.  The material blender system of claim 138, wherein said photometric detector comprises

a thermopile detector.

140. A process system adapted for processing of or with a material therein, said process

system comprising:

an infrared photometric monitor constructed and arranged to transmit infrared radiation

through the sampling region and to responsively generate an output signal correlative of the

- material in the sampling region, based on its interaction with the infrared radiation; and
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130. The material blender systemof claim 128, wherein
the nonitor is adapted to continuously neasure
concentration of active material in the diluted active
material mxture. 26 is 131. The nmaterial blender
system of claim 128, wherein the nonitor conprises
multiple material nonitoring devices. 132. The

mat eri al bl ender system of claim 131, wherein said

mul t & ploecsniemirtlsr irmgeddy iccew: theonpe ¢5ke infidred phatometric monitor
oLy AR LI LLSLANS, I Blag o e
bl ender system of claim 128, wherein the active-

lmﬁfé‘ﬂr&!ess's S48 MR 140 M&%m?ﬁsqﬁé a" s%ﬁ(rc&ﬁpaﬁ){)@ﬁ? tHe material in
sem conductor manufacturing plant. 134. The maleria

Sa5PR B te e samplipg regipyfrom srpimitially penrgapeospigBR i si ng a
di scharge conduit disposed downstream of the nonitor
4?1 adapted for_fluid communi cation with the materjal - .
%o WY sprgreiseim Al phergin theppiadly fop-gaseqns fesmjmgterial comprises
afplliender systemis adapted to deliver the diluted
active material mxture conprising all of the active
material flow to the discharge conduit. 135. The
l43eTierprakss bysendeiclaty $4 1o whaéin eedritiall 28y-gasbeal €irf nexgegill cofprises
aﬁ4¥% active material and the diluent materi al
conprises a fluid. 136. The material blender system of
claim 128, wherein any of the active material and the
[ Y rj . .’ 7 h terial.
B Bh R b 5P Rl o PR TR S Kt
utijgipgsdidnateniddl t he di luent material conprises a liquid.
138. The material bl ender system of any one of clains
95-137, wherein said nonitor conprises at |east one
145 rifhe groseps pystpimaal iclovn 441 wesreivhe pastieondystdr ehifycturing ficdity
cogﬁﬁﬁgganﬁpm$&ﬁﬁﬁ&§@ radi ati on source and a
photonetric detector. 139. The material bl ender system
of claim 138, wherein said photonetric detector
146.00HP poS&S sysRmldT Sl6iDRI1 | $hettdl R¢d RbcesskdBrolléy iPARmE&o control flow
system adapted for, processing of or with a materi al
rmfﬁé?@?ﬁ?”@ PémﬁW6é%§% system conprising: a sanpling
region for the material; an infrared photonetric
147 {3 tgrt%{:eé;%gygt%rtnro glgl?ndl 4?,n“%eg:rinr s?u %%jcegs%mgtrro Qrslgn arE‘anlgerc]iftg g)rn?ro flow

rate of said material in gaseous form to a gas-utilizing process.

148. The process system of claim 140, wherein said process controller is arranged to control said

processing of or with said material.

149. The process system of claim 148, wherein said process controller is arranged to control

pumping rate of a fluid in said process system,

150. The process system of claim 148, wherein said process controller is arranged to control a

- flow control valve in said process system,
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t hrough the sanpling region and to responsively

generate an output signal correlative of the naterial

in the sanpling region, based on its interaction with
the infrared radiation; and 27 a process controller
arranged to receive the output of the infrared
photonmetric nonitor and to responsively control one

or nore process conditions in and/or affecting the

1k oc‘élm:rm;ystsmnam ofktthim 14 hehpeio e&idsmoﬂyes tcmlfprisefs acllea't one 1xttyed
radﬂ{lon%{er gIQm %10251 %ltl;hecgil'{)rengeer]; c%.rmf%arpé) raéllgitp s urce ”RE S}{oltoerlrlletnc

gaseous
dM%$¥|ally non- gaseous forn1 142 The process systen1of

clai m 141, wherein the initiaIIy non- gaseous form

14mte lfl‘hél lpr&&:gps%t&q Sf  dhim Oi S'I whéréirr)i saIlh ﬁho?cfn%‘&ﬁ:s §et§>YO§ tc%ﬂ]brlses a

of claim 141, "wherein the initially nhon-gaseous form
mﬁﬁ#@ﬂﬁ%ﬁ“%%nprlses a liquid. 144. The process system
of claim 140, conprising a sen conductor manufacturing
facility wutilizing said material. 145. The process
138y st Binpetees syiten alslim hhb Pipssingh Isat opg ‘ég?fa%@fhé?‘m filter element is
aﬂﬁﬁ&ﬁ&&ﬁﬂ&bﬁ@uﬁ&&&hﬁly conpri ses a vapor deposition
unit. 146. The process system of claim 141, wherein
said process controller is arranged to control flow
1snat el }ﬁfpr&ﬁisdsyﬁf&hed’fi odim ]ﬁl,gaﬁ@ﬁhlé‘safﬁ()ﬁ Mastléhé. inffAr€d radiation filter

ro clai.m 141 r a roce
iR ol it S af B & Pespt b TP B Qi itord
radvattosy sa@ll pottion Yeseduscttriedby opradgasingd whickhgl rqpgocess.
148. The process system of claim 140, wherein said
process controller is arranged to control said
15pr ocdléis piageps efstapr omlzﬁlh 156 whermt gud debiredIspertrallimetiqorafcgd snfrared

radididh 8o gasgés‘%h %s% feﬁ‘ ﬁ‘th%ﬁé %%é%ﬁ%% Zo %Fﬁ%&!ﬁ&!a!q er

I's arran to co rate o
sai d process systen1 150 The process system of claim

15448.Th ﬁ)%é?ss <8l OF JRfif 01§§ S\foé% !agi Jle@&ed' S%G(‘%‘E]rm%f 584 infrared

contro ow control 'valve in sald process system
radzemwypmlmeas@m@whey%%aemlbﬂm@serm byseid mggsaplei n sai d
nonitor conprises at |least one infrared radiation

157.1 | taehetRd dRITBRratRR L phddsh Yac RGP hidcks RS HRE iR R matfifl 3R Gnethod
radi ati on  source and a_ photonetric detector.

comprising exposing said material to infrared radiation and responsively generating with an

infrared photometric monitor an output correlative of the material, based on its interaction with

the infrared radiation; and controlling one or more conditions in and/or affecting the process, in

response to said output.

158.  The method of claim 157, further comprising supplying the material in gaseous form for

infrared exposure and said processing, from an initially non-gaseous form.

159.  The method of claim 158, wherein {he initially non-gaseous form material comprises a

160.  The method of claim 158, wherein the initially non-gaseous form material comprises a

liquid.
161.  The method of claim 157, wherein said processing comprises semiconductor
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152. The process system of claim 151, wherein said

phot onetric detector conprises a thernopile detector.
153. The process system of claim 151, wherein at | east
one infrared radiation filter element is coupled to
the photonetric detector. 154. The process system of

cl aim 151, wherein said at |east one infrared

radiation filter elenment is adapted to allow
mamggvaming silogmgerid passadge of a desired spectral portion

of said infrared radiation, said portion being
characterized by a predeterm ned wavel ength range.

1655, Thereethpd o€ daim 16y .sthereinghidskraiconde8dr, maphiesteting compmses vapor
d&eshdned spectral portion of said infrared radiation
enconpasses an absorption wavel ength that is
characteristic to said material. 156. The process

163Y St B0 idihol b ALY S S coBeirl iftroaadifl ARThAEH! 18 R SMpliRk chamber
portion of said.infrared radiation enconpasses a
fo epatuEnerrin S Bidiafrrsddndiafiopnabsor bed by said material .

157. A nethod of operating a process |nclud|ng
id meth

rocessi th a materi.al,
{onphieditgd siﬂad@. ﬁ% QR B e g AP EP Bgplin chaber
for agbstd thdtein tbaidagaesdsadigilboy. generating with an
infrared photonetric nonitor an output correlative of
the material, based on its interaction with the
165nf rie @ctthod of ddit 4 A8, waardincad tomdol ling gongides@ontrobling flow rate of sfaid

' and/ or affecting the process, in
m%%%%o senig&ghld out put. 158. The nethod of claim 157,

further conprising supplying the material in gaseous

16607 Mt ‘fHeth] 11 B di 3 S, %Qf@ﬁ%?iﬁ c&{&%@g %Hﬁ%&%ﬁﬁﬁﬁl@% ﬂp&rrﬁgbf

an init y non-gaseous form
saig mptenallin gascqys &raitga gasertilising pra¢eby non- gaseous form
naterlal conprises a solid. 160. The nethod of claim
158, wherein the initially non-gaseous form nateri al .
16¢0 nﬁth gehogof d4img |7 4 whargin Saldrﬁ@tr BEUnRsFes Spyfoling 57d processing
of WheHIRIalk redrdl pr ocessi ng conpri ses sen conductor 29
manufacturing utilizing said material. 162. The net hod
of claim 161, wherein said sem conductor manufacturing
168.0 nmhé GV GRAIM 168 RaGkh kQdconkbBing Jdn@riR LhAGIRE a BbRirdR in
é conprising introducing said naterial to a
saif PIOSESFIRE chamber for exposure therein to said

infrared radiation.
169.  The method of any one of claims 157-168, wherein said monitor comprises at least one

infrared radiation filter element optically coupled between an infrared radiation source and a

photometric detector.

170.  The method of claim 169, wherein said photometric detector comprises a thermopile

detector.

171.  The method of claim 169, wherein at least one infrared radiation filter element is coupled

to the photometric detector.
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164. The nethod of claim 158, conprising introducing

said material to a sanpling chanber for exposure

therein to said infrared radi ation. 165. The nethod of

cl ai m 158, wherein said controlling conprises

controlling flowrate of ~igai d material in gaseous
form 166. The nethod of claim 158, wherein said
controlling conprises controlling flowrate of said

I'ifat eflieahethod qfaténusd, wherirnt @idaat gast-ant iiﬂfiazeidrrgdizpioo ditsiselement is
adligzd toTﬂgw%Bsprgglo ﬁ«!s?age ofl 35 Zesugw z)ecgra ?915] E l aredlrepc%tion,

nprises contro proce S|n

sagfpitoeifon &bing Cﬁ@@pter'ﬁvﬁé bmpdqéqﬂermfne(lzhfa‘relwatﬁﬁng%er e| n said
controlling conprises controlling a flowrate in said
7processl ng 169. The nethod of any one of clains
185 7-hsgoethpr of diim 193i wheprimiaidodesicad wpicira gortign of sapisiniiagefiradiation
erlchthpaddc@sh dbahth iwaleldobinlifl isth SIRDEHOBLE ahtlearal coupl ed

between an infrared radi ati on source and

photonetric detector. 170. The net hod of cI aim 169,
1Mhergicegdl of @R IoNBIHetsn ARE RGEQ rsp&emm@@ 8f Rid infrared radiation

thernmopil e . detector, 171 Th od of cl ai m 169,
CnGHEPEEH wiveleagl i Pfﬁ@‘apwf“}agﬁ"gﬁ FgKLfi 1 ter el ement

is coupled to the photonetric det ector. 30 172. The

1766t hfosirstelﬁl fe dalivervidiQ il edn@itdidSofor @haﬁﬁfadn&ﬁg tmaf@Fil, comprising:
i nfr tion filt.er .el enent tedto al | ow

tr ar%1 ﬁfq SEi8 %ﬂgrw‘g‘é&s‘g SGacpuS or&gg?f?%W@ﬁbag portion
of salildent fidid soued; r adi ati on, said portion be| ng
Sha S et Bl B S BRSO e v
frogpiée tatizd mpona parredfermbitd pradbemried flowditet i on
encgrmgﬁg ﬁec'vm%r}mglpg%ﬁ’ kP i O3 i VAN C%H(QJ%Q I'n?:%& c'nﬁﬁtnﬁ (r)ngteg'?l from the

charactefistic to sal nateri a _
actiegnagrintzpurcoerced thatdndispersed ot wifl prplststrpingd fyov tafedyy thyf fluid flow

me?@ahg dbﬁ(fer @’ft@ dinfedi1@h kP Rorm GNaMRERaaRE %eﬁcéﬁ@ﬂ&!}ﬁﬂ%ﬁctunng fluid
substantially unabsorbed by said material .

migeet @h f or del i very of a dil ute semi conduct or

mangf Al hiffedBloChéaire BRI AISH RO activ@RedfebldiSor manufacturing
mat eri al_source of _sem conductor manufacturing

majenalip Fh§| Tuted 341y seRicopqugiog nlg.lal’ﬁc@élng Huigd mixtgre, and responsively adjust

thef ﬂﬁﬂ\/-ﬂlﬁt-]ﬁétbr[i@ adent,CR ERkoding pﬁsﬁb@ﬂsﬁﬁ @ $M@e active semiconductor

sem conduct o n“gnuf acturing mate
manuiacturing material, and maintain a predetermine concentratlon of active semiconductor

manufacturing material in the diluted active semiconductor manufacturing fluid mixture,

176. The system of claim 175, further comprising a source for supplying the material in

gaseous form.

177.  The system of claim 176, wherein the material comprises a solid.

178.  The system of claim 176, wherein the material comprises a liquid.

179.  The system of claim 175, wherein the material is initially of a non-gaseous form.
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fromthe active material source thereof at a
predetermned flow rate; a m xing device arranged to
m x active sem conductor manufacturing material from
the active material source thereof that is dispensed
at said predetermned flowrate by the fluid flow
nmetering device, with diluent fluid to forma dil uted
active sem conductor manufacturing fluid mxture; and
a nonitor arranged to nmeasure concentration of active
192 SRNGUEH Y HRD AR inlBHChdnasdols S nihel i Sltvises 2
active sem con or’ manuf act ur lﬁ P98 mxture, ang
liguss ponsi vel y adj ust the fluid flow rret ering device,
to control the dispensing rate of the active
sem conductor manufacturing material, and maintain a
183y e dEheesypiph @il claign £ Bn tvherein dbe pitialicainyeasesusforn metesiplogomprises a
sof@nufacturing material in the diluted active
sem conduct or manufacturing fluid m xture. 176. The
system of claim 175, further conprising a source for
SQUDDTBH ﬂ@teﬁlh&‘ AR TR wheRin 08 SRS E&ﬁ}mseslzg -1nfr-EH:@ photometric
stem of claim176, wherein the material conprises a
m Phd. 178. The systemof claim 176, wherein the
materi al conprises a liqui d 179. The system of claim
75,..wher ei n rial I ni Ly of a . .
1530 BROSEER plo i 1A e Tiso el atbgRert dmigy gomprises
sampleng e¢givntfbrehd matériahl | y non- gaseous form mat eri al
conprises a liquid. 181. The systemof claim 179,
wherein the initially non-gaseous form materi al
18¢onph bses: far deodry of a dil8@ makhiel, syngrieing:of ¢l ai m 175,
wher, [ conprises an infrared photonetric
rmnlaﬁhd?mg%gl?@%e&syst em of claim 182, wherein the
i nf pdfet fyhdiosrvet ric nonitor conprises a sanpling
r eg'acmmf QJW—hJaﬁnH?H&ﬁde%r dé&ﬂsmg%fﬁtl{é I’n%{éhcfiloé'omgg iy g{e){et&fmned
a dilute material, conprising:” an active mater|
flogatitice; a diluent fluid source; a fluid flow nmetering

devigexihi® Hevﬂ:‘e%ﬁ@ﬁk@ﬂ OB ackiPEmMBEL HoR! the RUNE Traftbial@ource that is

predeterm ned flow rate;
dispensed at said predetermined flow rate by the fluid flow metering device, with diluent fluid to

form a diluted active fluid mixture; and

a monitor comprising an infrared photometric monitor including a sampling region for
the material and being arranged to measure concentration of active material in the diluted active
fluid mixture, and responsively adjust the fluid flow-metering device, to control the dispensing
rate of the active material, and maintain a predetermined concentration of active material in the
diluted active fluid mixture, wherein the infrared photometric monitor is constructed and arranged
to transmit infrared radiation through the sampling region and to responsively generate an output

signal correlative of the material in the sampling region, based on its interaction with the infrared

radiation; and a process controller arranged to receive the output of the infrared photometric ‘,

monitor and to responsively control one or more process conditions in and/or affecting the

process system,
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a m xing device arranged to m x active material from

the active material source that is dispensed at said
predeterm ned flow rate by the fluid flow netering

device, with diluent fluid to forma diluted active
fluid mxture; and a nonitor conprising an infrared

phot onmetric nonitor including a sanpling region for

the material and being arranged to neasure

Ioncdht svateingrd aoy oot ichansnit-€ B4, atheiem saldendadiitbn toegirises b lvast one
In%rlnléai Qadfgtléﬁ Wik el%t Bﬁﬁﬁgnéjluﬁlgél %ft@g%’] U mh‘g%d ];‘éldﬁxltlgn source and a

'ow et ering device tro dispensing rate

P@%“&ﬁﬂ?d@@ﬂ@Ve material, and maintain a predeternined
concentration of active material in the diluted

1RCL 1 YEe bysitindoMiaiilise, wHBEH 81l phttEmbdil Gat&s RBRLQIR hdrfopile
nmonitor is constructed and arranged to transmt
d4'%5fFar ed radi ati on t hrough the sanpling region and to
responsi vely generate an output si gnal correlatlve of

1 t7nt e %?siﬁeéﬁtlat;’él%llﬁtlgi gviprﬁ gr?eglla‘%a:}%&i( ]ia%%[leoql g %{ement is coupled
to[ire@hesmettiotdtécalr] er arranged to receive the output of

the infrared photonetric nonitor and to responsively

control one or nore process conditions in and/or
138f f eldibispsgent heclaipr Roewbersly stiém 182 0@ mirarbh adsayist deraflement is

Merein. s

ad%é/d o Qﬁoevg tra ?slsfgﬁ 011 % %sa%e 0 rﬁ ] allgeed dspfl;cgéla po?non Y fsali? {nfrared radiation,
Salélpemiem ben@gnhw@abﬂwd bjoup‘ﬁ@@bnbmtdmmleag‘th fanfe ar ed

radi ati on source and a photonetric detector. 186. The

system of claim 185, wherein said photonetric detector
188.0 npihp awstempofickaam Adh iwherein geifl desived spegigy porfipreofspidtiefraregifradiation
enlnfph s\ i3bsolfiSh Rh AL LGRS b ARRrkRNb Sietitaghat. on

fil'ter element is coupled to the photonetric
detector. 188. The system of claim 185, wherein said

196t B3 Skste@NS claith 189, fertmdhiatibatd gﬂejstt'a@ borRbIESRA ihfeared radiation
adapted to allow transm ssi on_or passage of a desired

eNCORWRPTSA WayplpRgthipbeitntial ypabsaropd pegidagivednatol  said

portlon bei ng characterized by a predeterm ned

th r The s sten1of cl.aim 18
P 2L ST I LI oL M R A
r ad pﬂividﬁig ane RGO PAESRISsolfte Al SOMPRbddBoMaMAIfRNgInD ddtaial and a
mMan Qnacterlstlc to said active material. 190. The
§Yst BB “cl ai m 188, wherein said desired spectra
por tontollably diapetsing)hetive edhtariald fravhi the actizn Gemjearsisetsr manufacturing

ength. s stawtlall unabsorbed by said active
maYé%%’l Sourcﬁgatafﬁa’? C'Kuraedcf)lcesésé ‘for delivery of dilute

S e ninComrhet teoemmandvcarnanifasyringeteiia fromobenptiveinaerial source that

is dispensed at said predetermined flow rate, with diluent fluid from the diluent fluid source, to

form a diluted active semiconductor manufacturing fluid mixture; and

menitoring concentration of active material in the diluted active semiconductor

semiconductor manufacturing material, to mainfain a predetermined concentration of active

semiconductor manufacturing material in the diluted active gas mixture.
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providing an active material source of sem conductor
manuf acturing material and a diluent fluid source;
control | ably di spensing active nmaterial fromthe
active sem conductor manufacturing material source at
a predetermned flow rate; m xing active sem conduct or
manuf acturing material fromthe active nmaterial source
that 1is dispensed at said predeterm ned flow rate,
198k t h T8¢ prpeest of klaind 191y dwrtheth eongirsing mtsofifcelift sgnlyinge the traeterial in
g&?ﬁ?% diluted active sem conductor manufacturing
flurd mxture; and nonitoring concentration of active
material in the diluted active sem conduct or
19RNUTRCEHELIT clalt! | B, WRSKENIE maRAH HRSRANSINE! Y
adjusting the dispensing rate of the active
sem conduct or manufacturing material, to naintain a
1981 edeheprbicnad cRRN BN KAL B8 nRfriaChhMBes SRfconduct or
manufacturing material in the diluted active gas
m xture. 33 192. The process of claim 191, further
1960 NPT heSprbi@ssaof okt 18, WiFeiSip phithil @ hiiglly 6Tk @bn-@Msedul form.
gaseous form 193. The process of claim 192, wherein
the material conprises a solid. 194. The process of
196! ai Theli3dcesadietaih 193, bt the indtlall¢ A6PFaA&@S fobm Inta€dihOcomprises a
li%%?' The process of claim 191, wherein the material is
9 nitially of a non-gaseous form 196. The process of
clai m 195, wherein the initially non-gaseous form
t efl ri i.qui d. ... T .
e he e el B T b i pon ekl RER 53R comprses o
soldht eri al conprises a solid. 198. The process of claim
191, wherein said nonitoring conprises use of an
infrared photonetric nonitor. 199. The process of
198| ai Hhe1pgeessvet cleim 10hewhasdip gpid gnestiorirgeemirisesnpgi efogn infrared
ph&ORBEiL 888itd  sanpling region for the material. 200. A
process for delivery of dilute material, conprising:
providing an active material source and a dil uent
199.] Ui TheSRUESE of CRIM 108, | Rirain GheS RERARE NThoRGH ¥ EmbMRbE tbBbrises a
fromthe activerg?terial source at a predeterm ned

sarf'quwfig%é‘?r the mate

200. A process for delivery of dilute material, comprising:

providing an active material source and a diluent fluid source;

controllably dispensing active material from the active material source at a predetermined
flow rate;

mixing active material from the active material source that is dispensed at said

predetermined flow rate, with diluent fluid from the diluent fluid source, to form a diluted active

fluid mixture; and

monitoring concentration of active material in the diluted active fluid mixture, and ‘

reéﬁbﬁsively adjusting the dispens.ing rate of the active material, to maintain a predetermined
concentration of active material in the diluted active gas mixture, wherein said monitoring
- ~.comprises use of an infrared photometric monitor including a sampling region for the material,
wherein the infrared photometric monitor is constructed and arranged to transmit infrared

radiation through the sampling region and to responsively generate an output signal correlative of
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m xi ng active material fromthe active material source
that is dispensed at said predetermned flow rate,

with diluent fluid fromthe diluent fluid source, to
forma diluted active fluid mxture; and nonitoring
concentration of active material in the diluted active
fluid mxture, and responsively adjusting the

di spensing rate of the active material, to maintain a
thsrradtertab frnrihe sampline e, bated on isfintaretiopevithathe fifaredi ldintig; and
wﬂérklﬁtsﬁﬁi a@ihy @ongiﬁes MU Roce MGG aﬁéﬂg@d IRBiR rtl'lerbgltput of the

onpri ses use an infrared photonetric nonitor
miffﬁ%’p URIPRGIetHC SRoRiHri 47 tP eeFPemivElyrcoptFd B oz procaih eengitins in
aQM@aﬁaﬁﬁQ&@gn&thonEtrlC monitor is constructed and
arranged to transmt infrared radiation through the
sanpling region and to responsively generate an out put

261 gnahe ﬁlaase@ﬁbfaﬁay Y 6ffclairdd 41 oo nmHepdid ald Ihcﬁhltbh&)nﬁ)i:‘iﬁ@'ai REst one
nits lareract gn with the infrared

nfridh 5%d‘a8ﬂn i PSR g FRUEE HonEGriciben geiee and a
plofongtrprdoeass control |l er arranged to receive the output
of the infrared photonetric nonitor and to
ons

2y o bRl o R 2 SRR b Rt B85 G0 iploritc
detmer.of cl ai ns 191 200 wherein said nonitor conprlses

at least one infrared radiation filter el enent

optically coupl ed between an infrared radi ati on source
20dnd TEhe ppstiess ofeaimi 201, adicrsit ab feast 202infrabbrapipoweHisr démayt icawpled

to%g¥hmﬁmg£@5&h§ﬁld photonetric detector conprises a
théernopile detector. 203. The process of claim 201,

wherein at | east one infrared radiation filter el enent

204S CIERYRESs of Qlainh 8010 RALLABLAI 46 le‘gﬁtoﬁg Wared 20tiod BBer element is
rocess of cIa|n1201 wherein said | east one

adpnied tgallep fransmission Ar passagepl "’e‘lif‘éﬁ%‘rﬂ’e‘itrél PoRipR A 61d frirater rgijgtion,

said pOMSALE S BiraQériRABFAG LI mMedNSiclcfdh &GSt ral portion
of said infrared radiation, said portion being
characterized by a predetern1ned wavel engt h range.

20205 Th&“be,cqaf omsﬁ 204, vitleRin8aidQisireMBRE 4] liiorfﬁi_alil 6l sdRShFRE radiation
ons S L grt o v4$ td infrared. nad(ﬁ i.on terial
oS aa£§ PR X Ps? Rhis RBRFsTeEig S dhagtivg raterial.
characterlstlc to said active material. 206. The

208" 0448 ﬁrooqrss gtl c. 281%) ‘\"vhe%\p egu P r%:gl I ectra? 01{1on ofs sgg mflr’ared radiation

porti o rare npass
enmamedsgmngelsmisauammdu lylahsnﬁob@bar staeldicﬂmy: mﬂa}. act i v e
material. 207. A system adapted to supply a gaseous

201.€ agxe%teﬁlpﬁgﬁtgﬁt &pﬂy %agﬁ&ld? rgagétg ?‘.Fetmeg‘ REG I ggsseous reagent species-

utilizing process region, the system comprising:
{a) a sampling region for the gaseous reagent species, said sampling region being

disposed upstream of the gaseous reagent species-utilizing process region;

correlative of presence or concentration of the gaseous reagent species in the sampling region;
and
(c)  a process controller arranged to receive the output of the monitor and to

responsively control one or more process conditions in and/or affecting the gaseous specxes—

utilizing process region.
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utilizing process region, the systemconprising: (a) a
sanpling region for the gaseous reagent species, said
sanpling region being disposed upstream of the

gaseous reagent species-utilizing process region; (b)

a nonitor constructed and arranged to responsively
generate an output signal correlative of presence or
concentration of the gaseous reagent species in the
sanpling region; and (c) a process controller
2(%r r aﬁgb% 5t r{?of Cqéil%l 2}5% &H&FGH’PM‘I-(P GOQJ I‘e;ggl% CEEIS %So % thd I‘I‘Qm a non-
responsfvely control "one or 5Ce5S Conaltions
gasprys enecigf f ecti ng t he gaseous speC|es- utilizing

process region. 35 208. The system of claim 207,

wher ei n sai d gaseous reagent species is generated from
202 nohe syu@e Sﬁga@p?é)& whereipemd gappaus speant peaips-wiilizingppgess region
coMPBIER I RerBiddntuBR SRAMSc I BRPERLss SRmI €S- uti | i zing process
region conprises a seniconductor manufacturing

process region. 210. The system of claim 207, wherein

219ai dl“lﬁ@?dtdrrﬁdﬁf dlam 207, ameen shia rﬂmmrtlprrraagbn t®hohibfR a IR Yeagent
eci.es of terest and one %%eco nposi tion
SoBE 3 Bt Engie PRt AR O EPRGUCToSt e MG S of

cl ai m 208, wherein sard non- gaseous specres conpri ses

rein id
210 s Siaisnler ot A8 PHGHE i Dine o s cSR s et
system of claim207, conprising a seniconductor
n zin gent
21229;&2%;5%&102 gla{Fﬁfd%\gé eeulri;]gaé# non &ousi?eé;ges v\ﬁ%g nsrl—fls a lﬁg]n%
gaseous species-utilizing process region conprrses a
ap [ The.
21 e SRRIEL QB oyt « SO SUSLGTH B ELALTREH i
Smﬁﬁﬁﬁ@@ﬂﬁ%@ﬁﬁwﬂGtted and arranged to transmt infrared
radi ati on through the sanpling region and to
responsi vely generate an output signal correlative of
21%r edbppstegyol egméﬁt Whreip thegpsepifeepis eiilidng nresgeferpgion comprises
aa@&ggﬁﬁsu@ﬂmmhe sanpling region, based on its
interaction with the infrared radiation. 216. The
system of claim 208, further conprising a source
215eS98t s§s@m sa cRlind Q07, GRIELAM Said SRARHE Sompidet. anThﬁraﬁzﬂ ShBidmetric
moglé?r§orgsgrrgn%2 d §%gt{g|£a€ gartra%g n?{nlﬁ-%xl-eg gad:laltzc?r\llvth%ourg](l: H‘rle sarXphng region and

to responsively generate an output signal correlative of presence or concentration of the gaseous

reagent species in the sampling region, based on its interaction with the infrared radiation.

216.  The system of claim 208, further comprising a source vessel for said non-gaseous

species.

217.  The system of claim 207, further comprising flow circuitry for said gaseous species. _‘

218.  The system of claim 207, wherein said process controller controls flow rate of the

gaseous reagent species.
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218. The system of claim 207, wherein said process
controller controls flowrate of the gaseous reagent
species. 36 219. The system of claim 207, wherein said
process controller controls utilization of said
gaseous reagent species in said gaseous-species
utilizing process region. 220. A nethod of
manuf acturing a sem conductor, the nethod conprising
2Hbni Tlor $ysigmeo! dipdrs @0U.swheeamgend pepee icegrollsi agtrolh etilipgdnesi said
. one or nore
R R Lt
speci es-utilizing process region 221. The system of

280Y ANGetld &4 ﬁhﬂﬁ‘ac%@iﬁg %1&mléﬁm&fc{%¥ Nhe %e%o%in&;ﬁ&ng monitoring a
Con'prl ses at |least one infrared radl ation fil

sast W EATenbeTiesasing thesustreof g8 qodresponsivdy %tmﬂmg one or more

pro@eid @hdlifdhs SOMIGE 28Rk HBRLOGRLIELRIEEE Hiot] regidd2. The
system of claim221, wherein said photonetric detector
conprises a thernopile detector. 223. The system of

21l ai Tﬁe%?slem \Ahafyejne ofitlaihg @2871-2 BN hérdih ﬁa&a ebnlt@MoRpiRE at least one
iS cou oto '

| ed tric. .
il igfon SB8 lerien® G0 B roppiSe el o9 AHb P e and o
phatonicgiasitteasre i nfrared radiation filter elenent is
adapted to all ow transm ssion or passage of a desired
spectr al portion of said infrared radiation, said

2290r t JF 12N Ilnnoq & 1% r%g’S ehelﬁzwne gal(? é?cﬁorgé‘ eéj gt eecliorp cgﬁlﬂnses a thermopile

rang em o
dffthelreln sai d deS|red spectral portion of said infrared
radi ation enconpasses an absorption wavel ength that
is characteristic to said gaseous reagent speci es.
22326 . Thypstegyafclaim 81, sherimapipat ongtifrasidrradiatiod fidfersilenesgt is coupled

to R BRIbAdriPREdAPN Of said infrared radiation
enconpasses a wavel ength substantial |y unabsorbed by

sai d gaseous reagent species. 227. A material delivery

zzasysmaéns ghaDbedail0i 1 UsEerh k4d aNleR€ bhe/ ARl Sldiafbn ﬁ@&re‘ié%lent is
(% iluent. fluid source, the s sten1conpr|3|n
adygy s arisePn rpagrass e %Feddp@é@ﬁ@mg Ohd pgared radiaion,

saipbrebr Welingfoh@RBtdrIzed REd pryvRicFBHET Wtblen@iOMhg&e t hereof at a
predetermned flow rate; a m xing device arranged to
m x said dispensed active material with said diluent

22%.1 uiTbk tystemfod claina 2T, whiéreid s£ie tiésited fplettiallpdriiod offs@id irdackd Iadiation

encompasses an absorption wavelength that is characteristic to said gaseous reagent species.

226.  The system of claim 224, wherein said desired spectral portion of said infrared radiation

encompasses a wavelength substantially unabsorbed by said gaseous reagent species.

227. A material delivery system adapted for use with an active material source and a diluent

...1luid source, the system comprising;... ... ......

a fluid flow-metering device for dispensing active material from the active material

source thereof at a predetermined flow rate;

a mixing device arranged to mix said dispensed active material with said diluent fluid to

form a diluted active fluid mixture; and
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13; an infrared photonetric nonitor arranged to

generate an output signal correlative of any of

active material and diluent fluid in the diluted

active fluid mxture, the nonitor conprising: (a) a
sanpling region adapted to receive at |east a portion

of said diluted active fluid mxture, (b) an infrared
radi ati on source arranged to emt infrared radiation

i nt oant earedphepsinienty ma@gpoamanged Yo gentlaernopiphicigietcentlaive of any

oiasfcfimgiaf 4hdafréht g Alind cﬁ‘l@%& adivP Fﬁlh hﬁgurg,fthérﬁ?rgtor comprising:
infrared radiation; and (d) at least one Infrared .
radi at i or(2¥3 jam@hingfeging Adapispic weediveyat desei sl rorriop of wad filutddenctive
i nf ragegizhagi ati on source and the thernopile detector

and adapted to allow transm ssion of a desired =
spectral (Bbpt iHiareds radiaion soHEcR fFranged dglicmiti iparcd gdiption into the
por tdamplidpabdich; char acteri zed by a predeterm ned

wavel engt h range. . 228. The material delivery system of
claim 22‘)(5CB %ﬁé‘?‘é’ﬂ’ﬂe i‘“t*ecff’é ABTeEhE T éf'&Str"a%ZI”‘a‘F‘i ijaid mfrared
fil trediatioa) ttent i s coupled to said thernopile

detector. . 2 T erial .delive syst.em of cl ai

o 1% PRI EL figrchlck Bl YRSl Foyegt Befeen e

) he .mat
227 i@l Teast orie oty

fil tiefrargl mdntivh soonparidssthanfopitesdetetiot, tagd adapedrandllow transmission

adap} I tr .sskon.of. a first desired :
oot rar Bt By AN ALTIP R Bl e el Barctrond by

conmhrglelsrinaleceelehgtt thiger el enent adapted to al | ow
transm ssion of a second desired spectral portion of
said infrared radiation. 230. The material delivery

228y stTammsterigl| dgliverp pgtemyt staih A27% aphereintaé feat pnd infrdved eagitagipn filter

d&%&ﬂﬁ&&@@d%sﬁhﬁkﬁ%qﬁ@ﬁ&&%&.and a seconq channel, _
wherein said first channel receives said first desired

spectral portion of said infrared radiation, and said

228 eCand naRanNRliver £ SRIMES cBath 328 6ARRTh ARSI NES B GG k! radiation
ortion of said infrared radiation. 231. The materi al

filigeflPyey oprseeinfisY flprasirmersadapishde alley Gapsgrissiop of a first desired
spét@slipofidn SPRLM ihRdred@dibtiANan@fcomsrakeda deBddan@lémmat afapiedio allow

enconpasses absor pti on wavel ength that is
OB R PR TR0 AT I50 SPSFERL BRTHON R St iptiafed sdiations  The

mat eri al delivery system of claim 230, wherein said
zyiecggd esired spectra org 0 of d infrared

o e SRR SRR e s LS comprs
firsh bipong irdonseogihamell 8herein said first channel receives said first desired spectral
portion of said infrared radiation, and said second channel receives said second desired spectral

portion of said infrared radiation,
231, The material delivery system of claim 230, wherein said first desired spectral portion of
said infrared radiation encompasses an absorption wavelength that is characteristic to said active

material,

232.  The material delivery system of claim 230, wherein said second desired spectral portion

.. of said infrared radiation encompasses a wavelength at which no absorption occurs.
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233. The material delivery systemof claim 227,

wherein at |east one infrared radiation filter

el enent is adapted to allow transm ssion of a first
spectral portion of said infrared radiati on which
enconpasses an absorption wavel ength that is
characteristic to said active material. 234. The

mat eri al delivery system of claim 233, wherein at
2}easTheongerod Heiverysfsta efclaimdi2at wierein fiti lédsieone ddfemsdnadiation filter
el@ﬂaﬁ)tsedqaptté?i t@Lllo rﬁ‘i&‘?’dy C?§§ k’gpspgcttra %0 rnt gau? Bﬁ‘grte& 1%d1at10n which
portion of sal |n rare Irat1 on enconpassi
ﬂw&vﬁﬁﬁﬁgmﬁm@nb%wﬁﬁﬂﬁaﬁ1@muném@@wbedwbvdsqwdna@nﬁve
material. 235. The material delivery systemof claim

227, wherein at |east one infrared radiation filter

2%t enbimateishdplipersaystan of gl 267 arhsieinsy leget v odersiplased rafliation

iR rddneht RfadgRédtol Dotk RGnikAH 8t b Qkon® Qﬁe@t@ SR Sf Raid infrared
vwavel engt h substanti al | unabsor bed sai d active

raﬁ‘é‘i“é‘refl%ﬂ PassHig a wevelengthey tag%bfé‘ﬁ#baefsiﬁ‘adalfiaw% PBLEYsi ng

of or with a material therein, said system

2Pl S BB b 0% e 8 B8 e B

elénadnt ti0 adap&ﬂ srm dllownframaimizelon lofldi gfette dolfodUgfhsaldnénfrared radiation

Lin |nfrared radi ation
erf R P by b SR st g
spectral portion characterized by a predeternlned
ve S ' di a )
235 AL SOALE (A0Sl ol OHL L SEVERS AR 0 £
copprigeg-d material in the sanpling reglon based on its

| Nt graGhinQReon f@rtﬁ&hﬁeﬁaﬁ‘f rared radiation; and a

process control ler arranged to receive the out put of
t he 2p niffraed ghyiprpetthEnite sposifueied and rdrangsdr @3 poriwpym! ynfrared

radifioh FRbuch R sPhp g h&idal @)? %Sfﬁtep&mjihfrér%dﬂaﬁbnqg MR transmission of
fecting the process system process system

f
at 236 desiipirastial pyutiep thafeianed by n@r@ﬂ*@mmm@ WryplFnegy range of said

infERAhdiSRE, Bd (J) Wegﬁéﬁﬂﬁe@y S84r8E bR buip A Bighd bEdRYe of said material in
radlatlon source and an infrared radiation filter

tha Spgpling Ste e bATEEIT s dnifrertion B iR Baadtadetidy 2¥hd sai d

i nf aq;melssroaﬂmteﬂ AfingAUb GReive 88. ouEEhﬁ‘ofpth@ GfsRd %M&Blﬁéﬂl@fnomtor

m 237 d f d di
Sk LR R MR (NI T -

spectral portion of said infrared radiation, said

ortjon bein ch teri zed d ern1ned
3P0 ShERPE Mhuert 35 236 it S B BOEHRER Borcomprise o
thewiepile denec&a,l ah mfmi'arderachthon adlirétand an fnirhdeé radiatie@n®iret piosided between
Sal(ﬁ: f?lHrPAogﬁie de&e%tio? gﬂd%fll% I} rare %J?gorgsetmec%t or. 39 240 Th e

roce erein said desired
spectral portion of sald i nfrared

238.  The process system of claim 237, wherem said infrared radiation filler element is adapted

to allow passage of a desired spectral portion of said infrared radiation, said portion being

characterized by a predetermined wavelength range

239.  The process system of claim 237, wherein said infrared radiation filter element is coupled

to said thermopile detector.
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radi ati on enconpasses an absorption wavel ength that is
characteristic to said material. 241. The process
system of claim 238, wherein said desired spectral
portion of said infrared radiation enconpasses a
wavel engt h substantially unabsorbed by said material.
242. The material bl ender systemof claim 138, wherein
at least one infrared radiation filter elenent is
24 uplesdprogsss dyeterp lob tlaimel 8 whateh end desire@4@ctral hertipraefemidahfrared
one
e S I Psmiof it AR RS Bl hRERE, PO
transm ssion or passage of a desired spectral portion

20 Sthethrodeldf fy@kg dr b1 ﬁtS' Qferein i 4RBE ép@&rapﬁérﬁ&l of said infrared
characterized by a predeterm ned wavel ength range.

ragiafion eppRINIREEHY Waa’ﬁleaﬁﬂéwa%?nﬂél}ss%hﬁoﬁﬂpd By gidmatriel wher ei n

said desired spectral portion of said infrared
an absorpti on wavel ength that jis

adi gtion e asses
e el BEL SR o BT V0 Qe 365 omhdi g drdaon e
elahe@in ebuptyiss eepfiongdrad dRedtdrl, wherein said desired
spectral portion of said infrared radiation
enconpasses a wavel ength substantially unabsorbed by
248ai dT teohdtarial Dlasder 2ABm ofvknime B8 ochearin @ldatRal2de infeededadiation
ﬁl%¥ Fx@lgtls ?&S&e I?J glﬁaﬁxfftgar?é a'gs:lcgnt (I) orglssfalel (t) [ %ezeil F]Ctrair‘[é(ﬁ'i%l dof said
m@ired:ﬂaéamnnl@@ povﬂme beigcheaptdrizat by e axsdet@meled whvelengtll range.
radiation filter elenent is adapted to allow
transm ssion or passage of a desired spectral portion
2445 Sl anatonipk Wender syelern af floim 141swhateip o#id desiredoemieeiygl portion of said
mﬁi}é’d 8GRIl A &hp¥esBin Qﬁs%%&%mefé Gt WEViE LiBREs J{ "{W&f‘d active gas.
48. The nethod of clarm 2 ereln said desired
spect ral portion of said i nfrared radi ation

248NC MR FRELE RIGRSAER b ARMNAN ShEHEE Bid B@ired spectral portion of said
characterlstlcto said material. 249. The net hod of

regi adisfion encpRBRsEssd vesleneteupstangalywakseried Ryoridiagre ghs.
said infrared radiation enconpasses a wavel engt h
ubst antj a absorbed by said materi al 50. The
2ot ?fﬁa‘amsfﬂwii)éﬂ 1265 wrEnal ﬂ%%ﬂdn‘%ﬂ rfl@i‘f“}"ﬁ& el sagouled
to ths phadddmaridddficfonr havi ng at | east one infrared
~radiation filter elenment optically coupled between an

infrared radi ati on source and a photonetric detector.
24251 Thd methn bhdeinof26¢ vbdrem 250 at 1sie bsd infrsrad chdpkiod Gh@teldnent is

ada%é:d% %1? O tFd] t‘%a {sélgrgéda%ss&!ﬁe:oﬁfgx:) re]:suée? Speg Eél%%%%é oF ?15% 13};‘%%5 radiation,
saig pattiert heorg charhm@medsﬁyeirmaftbtmnmwblemgth taoeget he
photonetric detector.

248.  The method of claim 247, wherein said desired spectral portion of said infrared radiation

encompasses an absorption wavelength that is characteristic to said material.

249.  The method of claim 247, wherein said desired spectral portion of said infrared radiation

‘encompasses a wavelength substantially unabsorbed by said material.
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253. The nethod of cl aim 250, wherein said at |east

one infrared radiation filter elenment is adapted to

al 1 ow transm ssion or passage of a desired spectra
portion of said infrared radiation, said portion

bei ng characterized by a predeterm ned wavel ength

range. 254. The nethod of claim 253, wherein said
desired spectral portion of said infrared radiation
2¥ncofipassied ofdaialiSowiréinsmidavelogmtomptidva tisciofa monitor having at

leg%? %%ﬁ%%é% I%(\E/ﬁf;ontﬁﬁer e?el %gp’ghgarllk Q{J:].lpleg %g)[we pri% 1%&!& Qgha% 1 source

. erein sal esi spectral” portion
ansla photomflrip Agdedtaradi at i on  enconpasses a mavelength
substantially unabsorbed by said material. 41

251.  The method of claim 250, wherein said photometric detector comprises a thermopile

detector.

252.  The method of claim 250, wherein at least one infrared radiation filter element is coupled

to the photometric detector.

253, The method of claim 250, wherein said at least one infrared radiation filter element is
adapted to allow transmission or passage of a desired spectral portion of said infrared radiation,

said portion being characterized by a predetermined wavelength range.

254,  The method of claim 253, wherein said desired spectral portion of said infrared radiation

encompasses an absorption wavelength that is characteristic to said material.

255.  The method of claim 253, wherein said desired spectral portion of said infrared radiation

encompasses a wavelength substantially unabsorbed by said material.
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