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present invention relates generally to the field of

hi gh vacuum processi ng using process gases, and nore

particularly, to controlling a buildup of deposits

from one t f th
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BIAGTANT GHS INBUTINA iAo RREGBUME REAGTHE &xA8 IRRECTION
and manufacturing processé&YSHiMi re the use of a

process chanber with high vacuum For exanple, in

sem conduct or wafer processing, vacuumis used during
many thin-filmdeposition and etching operations,
primarily to reduce contam nation. In such processes,

HMART tkéRARhBoRf Producing a "high vacuunt of 10-6
Torr or lower are useful to assure adequate punping
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pressure for “cl eanup between Steps.” [ 0003] Severa

current!|y-avail abl e v ' [ :
resisar & P sttt AL PR R, e B Ruup of
Root s vacuum punps and hook_and cl aw vacuu unps
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equal speed in opposite directions, trapping gas in an
peadrasisg systan exlreustpatthe casing and forcing it to an
exhaust port. Roots and hook and cl aw vacuum punps are
used as primary vacuum punps and as backi ng punps.

Anot her vacuum punp confi guration capabl e of

Background of the Invention

[0002] Certain research and manufacturing processes require the use of a
process chamber with high vacuum. For example, in semiconductor wafer processing,
vacuum is used during many thin-film deposition and etching operations, primarily to
reduce contamination. In such processes, pumps capable of producing a “high
vacuum” of 10°° Torr or lower are useful to assure adequate pumping speed at process
pressure, and to allow for a low base pressure for cleanup between steps.

[0003] Several currently-available vacuum pump cénﬁgurations are capable of
producing and maintaining a high vacuum. Roots vacuum pumps and hook and claw
vacuum pumps include two precisely machined rotors that rotate with equal speed in
opposite directions, trapping gas in an exhaust portion of the casing and forcing it to an
exhaust port. Roots and hook and claw vacuum pumps are used as primary vacuum
pumps and as backing pumps. Another vacuum pump configuration capable of

maintaining a high vacuum is the turbo-molecular vacuum pump, which relies on the



mai ntai ning a high vacuumis the turbo-nol ecul ar
vacuum punp, which relies on thehi gh-speed rotation of
woaQbavocymmes in close proximty to stator vaneBCTms2006/044996
i nduce nol ecul ar novenent of the gas. [0004] In each
of the above cases, the punp inlet may open directly
to the process chanber or nmay communicate with a
process chanber through a foreline. The vacuum
highowsed Taigficnafdaior vpRashn Mage PIREinydatostHacKangs IQAReS n
a downstream position in the vacuum processi ng system
mel s tmpeattent of the gakici ng a pressure drop across the
primary punp. The vacuum processi ng system exhaust

My gh $&h dTehd!sirvaradbahe FRMp isl¥SiePvpedr directly to the
reclai mng, renoving or neutralizing various
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requently encountere processi ng systens Is
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iy fheppeyum procRisiis HsessC g pahder 1Riueme s PEffUTe Qrop across the
sem conduct or manufacturing process are W6, H2, NH3,
pBRHBy p8npi Thamacutm proEGsivgsysteackhaust pathiznayle, inglpgdip an
and SiH4 to formfilmdeposits of netallic tungsten,
abate@siiteysieal fos reciging, famoyingion deutrgiiag ejrious rcofdpundritslef the
salts (e.g., amonium fluoride). The reaction may take
cRhAGe I n the process chanber or in various |ocations

in the exhaust path, including the foreline, high
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FIG. 1, the process gases 110 used in the semiconductor manufacturing process are
WFs, Hy, NH;, BoHg, SiHy, and Ar. WFg can react with H,, NH;, B,Hg and SiH, to
form film deposits of metallic tungsten, tungsten salts (e.g., ammonium tungstate), or
fluoride salts (e.g., ammonium fluoride). The reaction may take place in the process
chamber or in various locations in the exhaust path, including the foreline, high vacuum
pump 120, or in a roughing pump or abatement devices. Pump exhaust gases 130
include inert or unreacted components of the process gases, such as Ar and unreacted
WF, as well as reaction products formed during deposit formation in the vacuum
processing system exhaust path, such as HF, BF3 and SiF,.

[0006] Another mechanism that may cause deposits on surfaces along the
vacuum exhaust path is the buildup of powders formed by gas phase nucleation. Gas

phase nucleation results from reactions among gas phase components of the exhaust



[ 0006] Anot her mechani smthat may cause deposits on
surfaces al ong the vacuum exhaust path is the buil dup
wohopmezer s f ormed by gas phase nucl eati on. GaBCphas®6/044996
nucl eation results fromreacti ons anong gas phase
conmponents of the exhaustgas, resulting in a solid
reacti on product in powder form That product may
accunmul ate on surfaces with which it cones in contact.
gAs remlithghisragiolid redetion prodietda pewrer fogRa lhaipraducd eaypgcumulate
accumul ati ng on surfaces in the exhaust path due to
ortyiripey stithalvhich dhaonies im comadtu dis nged hdremoibp deint Fdsposityzshall
phase nucl eati on or other phenonenon. [0007] However
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the exhaust path, a carefully selected reactive gas
Foaybenplaj stidedetalpis deeesits ob ptinpingfelenenstotreoisaampyigad hook and
reactive gas prevents the formati on of deposits by
cIRAGlhpYchringb tHehdTeen haghape gbibe pampargendment§, @@gAHnigrthan
exanpl e of such a technique used in the

ARQYR I8 E UriePOENLAHURR Pgsess system NF3 is injected
Into Renote Plasma Source (RPS) nounted in the

line directi he- | t : t
O] aw piiier s el laffed B B BR Ry Rte AIRE oxhaus
i nt ende o dissociate the NF3.i.nto, atomc fl.uorin .
A @SR wgqetqdefa%qﬂvwgﬁwnaage e Wi o i fected device
prevent deposition, or react with deposited solids to
Thereacsive isenprepgnte thedpimation of depesiis by Feacting pithdhegxhaust gas
ot her fl uorine-containing
components.

[0009] In an example of such a technique used in the above-described vacuum
process system, NF; is injected into a Remote Plasma Source (RPS) mounted in the
foreline or directly at the inlet to a Roots or hook and claw pump, by means of a tee
connector. The RPS is intended to dissociate the NF3 into atomic fluorine which can
then react with gas phase molecules to prevent deposition, or react with deposited
solids to remove them. Alternatively, molecular fluorine or other fluorine-containing
gases may be substituted for NF;. In some cases, molecular F; alone may be used
without prior RPS dissociation.

(0010} By‘providing a fluorine source in the foreline or at the pump inlet, the
reactions that cause solid deposits are prevented or at least greatly diminished. The

atomic fluorine provides a more readily available fluorine source, preventing, among



gases may be substituted for NF3. In sone cases,
nmol ecul ar F2 al one may be used w thout prior RPS
wdizewme2mti on. [0010] By providing a fluorine BOUUS2006/044996
the foreline or at the punp inlet, the reactions that
cause solid deposits are prevented or at |east greatly
di m ni shed. The atom c fluorine provides a nore
readi |y avail abl e fluorine source, preventing,
oghes thivgsha Feackipmet W Willkike pBier s1sep6halipumpRechspisas, and
gases or hot punp nechani snms, and thereby preventing
tebeginspreveanmingfdepesitadd ofonetelhig Sm@steh m theevagaan prmpU .
[0011] The fluorinated gases di scussed above are

[@Engr al | y eReriofiastkl gasckalscexadoie atdgenensly vety &sByi For
t he above-descri bed system can anmobunt to 10% or nore
e%m ]?eth[a Qb @lorf@stn Be aﬁgﬁ{f@ BbRtiBed &/sRnS &R £ARMES P0% or more of
acturlng process. I's therefore in the interest
%Eatg :11] Jekige %ﬁ@t‘te&]‘g %:Sirstg%léo %&]o aﬁqucggré ng}llocgsfs '.f[te @‘t"ﬁéré(fgre n
pul sed, i which case it is gdvantag ous .to ulsg ﬁl
ﬂﬁ ingreshet %mr%cémpﬁerstg; Qe s the ampwdimt 57pctiv g ﬁ Stsed. nsome
appropriate gas. In sonme cases it is desirable to
presiestes, the procbss\gasds arhpulsedsor Whishseser it & adgantagaeis {9 pase the
after the pul se of process gas is conplete. [0012] In
" fRIDYMnE Bskce intsyhshrogiged Alhien twathithy eppeomiigh gaf. Inlseme cases it is
fluorinated gas present while avoiding an excess. One

AM@Yabi o ARIR] 4 ABwIdT#Me flfortn@ sB%RE Fdriiealnhy/afdrehe pulse of
determne the correct ratio of fluorine source to

&g&}%¥§%ﬁ£8§g§§ gas. In many cases, however, the flow

rocess gas nay change either due to

g of onents.o | berate S re
AT car TBARY Feoy hindonugpemtave e Gafo e ﬁvow? q‘i%as present
| onger be valld i nsufficient fluorine source w
vehaleiayeiding, angigetsh Onsoposiotacermplishihaids to %’éﬂ@éata% 8 PEF‘e
prevented will occur.
determine the correct ratio of fluorine source to reactive process gas. In many cases,

however, the flow rate of the process gas may change, either due to aging of
components or to deliberate process recipe modification. If that happens, the set point
may no longer be valid, insufficient fluorine source will be delivered, and the
deposition that was intended to be prevented will occur.

[0013] There is therefore presently a need to provide an impfoved vacuum
process control incorporating a solution to the problem of accumulating deposits in the
devices in the vacuum exhaust path, while controlling the cost of reactive gases used.

To the inventor’s knowledge, no such control is presently available.



[0013] There is therefore presently a need to provide

an i nproved vacuum process control incorporating a
weabardeznit o t he probl em of accunul ati ng deposPCE/USE06/044996

the devices in the vacuum exhaust path, while

controlling the cost of reactive gases used. To the

i nventor's know edge, no such control is presently

avai |l abl e. Summary of the Invention [0014] The present
Summpary ofithgddverdsas t he needs descri bed above by

provi di ng i nprovenents to a vacuum processing system
[08141g pr oCEeremsbinverdicanmgdeessas dzsnecdnéeses ¢ biyippeyiding

a tendency to produce a deposit on surfaces of a
iAPydvements ta awaculmmpexbssitgl sys@ihushig prheess gasesimvi@get least one

enbodi nent of the systemincludes a reactant gas

doRpBRLR WiRPSIchiQROGo bFbdubea UGS B @¥HAES bf PAbVice in a vacuum

upstream of the dévice, the reactant gas injector

capabl e, of. . nj [ - t ' ;
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deuces the tendency of a east one
on surfafc[
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sensor for nmeasuring a concentration of the at |east
inivetor erpsblecrtinselatsanteartant §98 IRfa SRRIYACHYR S BFUshgth that reduces
upstream of the device, and for neasuring a '
thotendatayaifiadkeasifont kempondng ssprodwes adappeihensunfices ehthedievice.
t he vacuum exhaust path downstream of the devi ce.

ﬁiers?htém, futther isyIat&nt idael sidasndr ¢anhenlilies a toicentration of the at
confrolling an anbunt of reactant gas injected by the

1%?3?&1@%}%9%%‘% }%é%‘( ﬂ{jthg %ﬁﬁm@&xﬂaﬁﬁ?ﬂﬂ dpshddrh oPthedevice, and

erenc en the upstream and downstream
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at the upstream and downstream | ocati ons,
s pethorpsoqm gt WﬁtdieV/IéF-y?llgh}@ tﬁ@,gsfsgm ipglpdgga controller for

arranged so that only one sensor is used hi that case,
cansuiling i ngovet plehcant ipay irjestesk vthe sepctanh gasdAigBios faged et least
sensor to be exposed at ‘ _

in part on a difference between the upstream and downstream concentrations.

[0015] The system may be arranged with a dedicated sensor for gas
concentration measurement at the upstream and downstream locations, respectively.
Alternatively, the system may be arranged so that only one sensor is used. In that case,
a switching mechanism may be provided that enables the sensor to be exposed at
alternate times to the upstream and downstream environments of the device.

[0016] Examples of the sensors include an infrared spectrometer, a Raman
spectrometer, a mass spectrometer and a laser induced fluorescence spectrometer.
Other sensors may be envisioned that are able to identify at least one constituent of the

gas phase on a continuous basis, and whose response can be calibrated in a quantitative

manner.



alternate tines to the upstream and downstream
environnents of the device. [0016] Exanples of the
weenwmex0i ncl ude an infrared spectroneter, a RROBMWS2006/044996
spectroneter, a mass spectroneter and a | aser induced
fluorescence spectroneter. O her sensors may be
envi sioned that are able to identify at | east one
constituent of the gas phase on a continuous basi s,
B lwhose Hhssssirsaneabe HEAcym IR OFa VACHITY E’Q%Pﬁtt%ﬁ‘ie@ém
manner . [ 0017] The device may be a vacuum punp, or a )
deaimgu fhe xbapetent bradingsn todeddposits Map be bmgstae Muoriesn di Aéich
to formdeposits nay be tungsten fluoride, in which
REstelrbetdne ged @iluogas. Oshel hpydicable prédebses nayphélcddleposition of
processes may include deposition of oxides, nitrides,

Gl Aigkieshehidigas boﬁ&es?&ﬁ@ﬁer@iﬁh@%%emﬁﬁf drfudteBary solid materials.
quaternary solid materials. [0018] Thé reactant gas
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I'Ssociating a reacta recursor or m
tom c species of the reac%ant gas.. O her dﬁ. ﬁsoci %t{ ng
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sufficient to add a reagent gas w thout the need for
Qheodisspcingive ingansmay phormafively ke Bwdt Fyrthes itragy bywthigient to
medi a contai ni ng commands t hat, when executed, cause
ddde reagent gdsl veithduo tieateed fompeiof derodidiendi f f er ence

bet ween the upstream and downstream concentrati ons

[obsijher atTHeERsrolehe@ BloRIdB NGt (AFiNAR cofntan@s that, when
process gas conponent 1s being consuned in the device,

e@;@alte&,fcgés%;}h% E@x{txeo"i‘l%xetot &%%%T%e &i%fetnﬁy betd@8n t}}e n%) stream

I njecte e I njector. I n anot her enbod nt
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gas on a device in a vacuum pr.ocessi ng system exhaust
A CAMPIRAL freheprticqnsBIngd Bsthe Heviss 8pd, 1650, Fa5E (e #gount of

reactant gas injected by the injector.

[0020] In another embodiment of the invention, a method is provided for
controlling deposits made by at least one component of an exhaust gas on a device in a
vacuum processing system exhaust path. The method includes the steps of introducing
a flow of a reactant gas into the vacuum processing system exhaust path at a position
upstream of the device, the reactant gas inhibiting the deposits made by the at least one
component of the exhaust gas, measuring a quantity of the at least one compoﬁent of
the exhaust gas present at a position upstream of the device, measuring a quantity of the
at least one component of the exhaust gas present at a position downstream of the
device, determining from the upstream and downstream measurements whether a
portion of the at least one component of the exhaust gas is consumed in the device, and,

if so, increasing the flow of the reactant gas.



a flow of a reactant gas into the vacuum processi ng

system exhaust path at a position upstream of the
wdevi7oe2000 he reactant gas inhibiting the deposPCE/Usa®be 044996

by the at | east one conponent of the exhaust gas,

measuring a quantity of the at |east one conponent of

the exhaust gas present at a position upstream of the

devi ce, measuring a quantity of the at |east one

[98%Honent Bie mpdodniexiiseludmie siep o Aeterminingobemthowpstream and

downstream of the device, determning fromthe

doyatstreamnaasurdmeants twhedrar Bmmtielﬂ]yemI&: oftiled ftdeashopocdmmonent of

of the at |east one conponent of the exhaust gas is

166 BRIHIBCak s ¢diBuMey it @ic d8ide, ainfl, i S0, deftei@ass RlethBeexcess
flow of the reactant gas. [0021] The net hod may i ncl ude

rﬁégkqatﬁt ﬁ?ls(ﬁovgiﬁg targ lﬁ]tg at 195” a!nﬁ Gf H«g%&%@ﬂhgp‘% flow of reactant

ownstT eam nea nt's ether subst ant i none o
the at | east one conponent of the exhaust gas is
&8nsumed in the device, and, if so, determ ning
whet her excess reactant gas.is flow ng through the
[8833)ce, anbhe mpasygng gieps Ba¥ insdideprcayigng the q.ué%tev @ﬁthe at least
gas. [0022] The neasuring steps may include nmeasuring
drieeompantrit tof thef exhhvest gas 1sesin wsteusertpolseind fiwin 4 geoup consisting
exhaust gas using an instrunment selected froma group

dfRnShBired gptroitdrd Ramed sippecheenliiss spedi@mster and a laser
spectroneter, a mass spectroneter and a | aser induced

IB&Hgaeﬁgeﬁggmggﬁgkﬁgﬁgter [0023] The reactant gas may

[uorine. The step of introducing a flow of a

[gsgﬁt N0 96 LB e AR B 0 OPROLOR PYRLRILEX DS ot

I'Ssoci‘a curs
SPGB e e HE R BLASSURe ATy prpgmey Do) Ip e
OB e PoTsor B uSing  Tesiote plosush Sousea, The rehclant gag may be
fluorine and the precursor gas may be NFs.
[0024] The device may be selected from a group consisting of a vacuum pump
and an abatement device.
[0025] The at least one component of the exhaust gas may be tungsten fluoride,
in which case the reactant gas may be fluorine.
10026} The at least one component of the exhaust gas may include at least one
gas selected from the group consisting of WF3, Hy, NH3, B2H6 and SiH4. The
measuring steps may include measuring a gas phase concentration of the at least one
component.
[0027] Another embodiment of the invention is a vacuum processing system

using process gases having at least one component with a tendency to produce a deposit

on surfaces of a device in a vacuum exhaust path of the system. The system includes a



and an abatenent device. [0025] The at |east one

conponent of the exhaust gas may be tungsten fl uoride,
wonoodveiol case the reactant gas may be fl uori neCcT[uUS2@6p44996

The at | east one conponent of the exhaust gas may

i nclude at | east one gas selected fromthe group

consi sting of WF3, H2, NH3, B2H6 and Si H4. The neasuring

steps may .i nclude nmeasuring a gas phase concentratio

rafeeTh &an i it PosiFRBeE BiRe NI Pxhayst pathipsiean of the device, the

enbodi nent of the invention is a vacuum YOCESSIH%

reydand igRsIEY svtprpepads of ipiesting hassctagt gas in@atgt vervem exhaust path

conmponent with a tendency to produce a deposit on

thatrrtdees theftemied ey bL e ianleast wae voiip endnatisirodadens ddpotiben

system The systemincludes areactant gas injector

sﬁﬁ%és'o‘f ARAddvibettR e otiH I wEMmhAY St IR bhe é’cﬁﬁﬁd&ﬁfﬁo‘ifro&d& anew

eV| ce, the reactant gas injector capable of injecting

gsacf}?e § ?1 ﬂ&omglla? Eﬁ%ﬂ%{pfﬁ%ﬁ@%ﬁl 111@@0 Bn&é?xﬁran?n ?% the new

duices t ndency 0 eas onponen
roduce a de osit on urfac he d C
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new speci es. The system further includes a sensor for
frieantiol g 2 aweriee ﬁ%f@&@ﬁa@trgaéﬂm edied bethes prstans gapingastitbased at
in the vacuum exhaust path downstream of the device,
leastirepaciont theldoenstieum cowemtadtlonng an anmount of react ant
gas injected by the reactant gas injector based at

| east in part on the downstream concentration. Brief
Description of the Drawings [0028] FIG 1 is a

}%@}%‘ésg htl{)ﬁ'%ﬁﬁaeﬁl'ﬁ?ﬂng@ of a prior art vacuum process

how ng deposi tions d in a turbonol ecul ar punp.

[3%9] Fl Gr21k$a g%afg%gﬂ%fnlegen”teﬁﬂﬁeosf%%tr@r hﬂ%a%urﬁ‘process

em accordi ng

showing depositions formed in a turbomolecular pump.

[0029] FIG. 2 is a schematic representation of a system according to one
embodiment of the invention.

[0030] FIG. 3 is a schematic representation of a system according to another
embodiment of the invention.

[0031] FIG. 4 is a chart showing a relationship between process gas deposition
and reactant gas introduction.

[0032] FIG. 5 is a flow chart showing a method according to one embodiment
of the invention.

[0033] FIG. 6 is a schematic representation of a system according to another

embodiment of the invention.



enbodi nent of the invention. [0030] FIG 3 is a

schematic representation of a systemaccording to
wanoei7ezooenbodi ment of the invention. [0031] FPGI/U42008/044996

a chart showing a relationship between process gas

deposition and reactant gas introduction. [0032] FIG

5is a flow chart show ng a nethod according to one

enbodi rent of the invention. [0033] FIG 6 is a

Betaded Descnipiorcebihednventionf a system according to

anot her enbodi nent of the invention. Detail ed

0834k i pt i oln the prasentlinvestion, crsufdogy[flomnof fleorpnesssuise, or another

invention, a sufficient flow of fluorine source, or

Bacthitgdas,rie asduadd byMsasuridg arnshdendatiyn ofhs pracegs gas at the inlet and

concentration of the process gas at the inlet and the

1y bLas o RvRe \éh&?a%kboﬁﬁalé’cuﬁéﬂ AR LREMbATTyIRY ’ﬂﬁb ﬂ@W &f the
nodi fying the flow of the fluorine source accordingly

ttfuorgﬁe% Sxfcg E(?Oq‘dl%gﬁp %ferr 1{’1 cﬁgle@@ ﬁ‘ﬁfarr(?cﬁ%%e%oécﬁpy is used

tO nmeasure at C ncen I on

det ai | ed descri scri.bes I nventi n S . .
Pandrribtioialalish Mk L7 3?%@ fresBentrgfbes the invention

tunl%bten nmetal and other solids is reduced th
isrfelegagiia ¢ Byt whereln theudgp%m@uoﬁthwstqnﬁéetﬁbm %bffréphds 1s
reactants described are nerely exenplary, and that the
redvedtbiyvibe sysxiech anel WEt, hitoid nated tle tizd paytiappl resapitedesoribed
ot her reactants. [0035] The gas phase concentration of

drb 19 eRES %Igﬁss ahd tHAY @etih@ihtiv S syERRs biEshetodRed fqulahig applicable
inlet and the outlet of the punp hi the absence of a

ih R QR dfy t he punp that results in deposition of
E)ungstren %he inlet and outlet WF6 signals should be

[Sﬂyg]l ' The gas phase concentration of the process gas in question is measured
at both the inlet and the outlet of the pump. In the absence of a reaction in the pump
that results in deposition of tungsten, the inlet and outlet WFg signals should be equal.
When reaction of WFg occurs inside the pump, WFs will be depleted from the gas
phase, and the signal at the outlet will be lower than the signal at the inlet. If a fluorine
source is provided in sufficient quantities to prevent this reaction, the inlet and outlet
WF; signals will again be equal. By using those signals, the quantity of fluorine source
may be modified to ensure that enough fluorine is provided to suppress deposition,
without supplying an excess of fluorine.

[0036] An exemplary embodiment 200 of such a system is shown in FIG. 2.
Process gases 205 such as WFg, Hy, NHs, B,Hs, SiH; and Ar are introduced into a
process chamber 206. The gases may be introduced in any combination or sequence, as

required in the reactions taking place in the chamber.



When reaction of WF6 occurs inside the punp, W6 wil |

be depleted fromthe gas phase, and the signal at the
woutd7@e20e | | be | ower than the signal at the i RC®WS2006/044996
a fluorine source is provided in sufficient quantities

to prevent this reaction, the inlet and outlet W6
signals will again be equal. By using those signals,

the quantity of fluorine source may be nodified to

[603Tr e t hdtvasndedBases fionrt the prosessregomyei2 oofollgpypt rgeess vacuum
deposition, w thout supplying an excess of fluorine.

dx0036 patAr208 x Aitp pathy2 08 mhadinniede a 2&6lind 2¢ucimnmectsngst em i s
shown in FIG 2. Process gases 205 such as W6, H, NH

turbBatdecufa ?ﬁm?% OAVittahe prdtebLehdBer. | Ah additiPRA @S 940 conducts
chanber 206. The gases may be introduced in any

etgig %lﬂrt] EQ%F nPhhe %%Hﬁg%g%@%g g%@ fo%diﬁbrfah&mfi&%cﬁ bQB&h as a

ace I n the Evacuat ed gases
fragmthe proce ch er, 206 follow a process vacuum
IQRaHH%Pmﬁglaﬂgﬁg%emﬁ"ﬁgcgﬁlgPﬁ' 208 may include a foreline

207 connecting a turbonol ecul ar punp 230 with tﬂgeh e
[8PFess chHAatrstant miecaerich Oipkeduces wreaciant WsHair o4 the device in
exhaust gases fromthe turbonol ecul ar punp 230 to

veldidh tlemprsadonde e podkdera S0 thia chscathe autbomglecnlgr pump 23Ad A source
abat enent chanber. [0038] A reactant injector 210
J1Rtgraditedssor of GrGtadtve Wastin ednt, NI priavdes ¢hd preednsatgas to an
deposition is a problem in this case, the

%1;@ t?ﬁé;ﬁia%gé&iat&%@l@.o TeAnFRi§ 6@er’than plasmaPsiRE Uk $@Fmal

reactive gas; in this case, NF , provides the

r.ecur sor .gas 2at _di [ : . :
BEER BRbetTonlp FRolh LRI AR ORI E G o
may be used to dissociate th eactive gas. Atomc
q’l?%%Fhl??ezq7§h¥%gg@%lé@e‘?tﬂ¥‘6abﬁgl oreline 807 t hrough an

I njector valve 214. [0039] Operation of the reactant
[0A3Yct or peritéorcefthe staciadt inyector Bl o i eamtraBpd by a programmable

controller 224. The controller may control, for example, the amount of reactant gas
injected and the timing of the injections.

[0040] A sensor such as the infrared spectrometer 220 is positioned to measure
a gas phase concentration of one or more process gas components present in a region
upstream of the device 230. An infrared spectrometer is particularly suitable for use in
sensing gas phase concentrations of most gases used in semiconductor processing
because those gases, such as WF, have strong infrared absorption peaks. The sensor
220 accesses the flow through a monitoring port or window in the vacuum process
system exhaust path 208.

[0041] One skilled in the art will recognize that other sensors may be used to
identify and quantify the presence of specific gas components at points in the process

flow path. For example, in place of an infrared spectrometer, a Raman spectrometer, a

10



controll er 224. The controller may control, for
exanpl e, the anobunt of reactant gas injected and the
woim7vg200f t he injections. [0040] A sensor sucRCaAISR(we/044996
infrared spectroneter 220 is positioned to nmeasure a
gas phase concentration of one or nore process gas
conponents present in a region upstream of the device
230. An infrared spectrometer is particularly suitable
nhass sprséroimetes corsA lnser dadncph ueresasheeinerEeeiasmay baised as one or
gases used in sem conductor processing because those
ma&@s ©$ thesseadorasiihe invieatien. sAttemgtively, nanegectis it teohniques such
peaks. The sensor 220 accesses the flow through a

aTRIcHOEHRH A W dhnRfued\b NI RN d D séR6rs Wdell OTRE SerfySin@sibe
exhaust path 208." [0041] One skilled in the art w |

ch %)‘fcggf i%igntﬁtl}ﬁn:gha%éﬁtr or?eedaﬁ&{tﬁerﬂ%¥ tlﬁe%ab' §ﬁ%eto(ﬁ a c%%ﬂhhédé basis,

a quantity € presence of specific gas conponents

a oints in th rqocess, fl aw pat h...For exanple, in

P 4R DTBISEAR AAPCB LR OB P At R R
spectroneter, amass spectroneter, or a |aser induced

Iﬂ'ﬁ% r escerfttothysersop Aet.sichey 2 eonkbdard pReErRetp sasures a
of the sensors of the invention. Alternatively, _
gasphapeotscnyengi of thesémé quesr morprasseascomponents ong region
techni ques or chem cal sensors may be used. The sensor

dmsktréen 6ppalleeicoD3(.dad pieRirrg catbolBadtt oftiR invention, the second
constituent of the gas phase on a continuous basis,

8, DY & & J155PARRA: I@b ﬁ@X%nQoFZﬁﬁl InRh &8, Lilvifonmental

guantitative nner. [0042] ot her sensor "222, such

as second i nfrared.spectroneter r
o TR Pai R S P e R e R s S Bp s, Bach
0%as conmponents i.n.a regi an downstream of t devi ce

Aty sepspry 220, 222 A% WPosHBYHrHoRViHE the Geatrolles E?‘%-on, t he

second sensor 222 is of a type simlar to the first
[@43dor 220Vhile twhsgparess/infieradi sperirpsraters 29@r323 wire shown for
affect the sensors simlarly, canceling systematic
niRaDnhe manphae cofcntr&daa upstream and downstream of the device 230, a

single sensor may instead be used in conjunction with a switching mechanism (not
shown) for alternatively routing to the sensor a sample from either the upstream or the
downstream location. That solution has the advantages of reduced instrumentation
costs and elimination of calibration errors caused by differences between the two
Sensors.

[0044] By comparing readings from the two sensors 220, 222, the controller
224 can determine whether all of a particular component of the exhaust gas entering the
device, exits the device. A decrease in gas phase concentration of the component
across the device indicates that some of the gas is being consumed in the device,
presumably in the formation of deposits in the device. In such a case, the controller

224 would increase a quantity of reactant gas injected by the injector 210. The
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of the sensors 220, 222 is in communication with the
controller 224. [0043] Wile two separate infrared
weperoczooet ers 220, 221 are shown for nonitori RGTAE2006/044996
phase concentrati ons upstream and downstream of the
device 230, a single sensor may instead be used in
conjunction with a switching nechani sm (not shown) for
alternatively routing to the sensor a sanple frgm .
awgilabality O ecaghiet ewsdmilen davire vesim ki Bike rerclpRGH. thefigyice that
sol ution has the advantages of reduced instrunentation
resditis tiendbpebitioh nésdlols. Thatcahirbl @yclean repepisd sntihy serdpagison of
di fferences between the two sensors. [0044] By
SCIENOP Mald s hiRBeHt SR at foRBOF he pridsseRIObsing 20nsuitd,in theedevice
controller 224 can determ ne whether all of a
grticular conponent of the exhaust gas entering the
evice, exits the device. A decrease in gas phase
entratjon of. the co en ' s
ica eo 1t Rl sfiRiRE NG e RS 235 262 BB montorine
the device, presunmahly jn the formatio f degosits in ..
WheConseREaiomonsaBRT HIS abRIER NECEEPIEP far. 95 Bhg fopcentration
i ncrease a quantity of reactant gas injected by the |
mayj altrmativelythe Mpwitored dmpither side of am@b@tckﬁtce §asrqup afdgvices.
device woul d inhibit the reactions in the device that
Hoe sxhihplenintthevstepasprbtasingbyseah 306 shobhatn Kieh B akeactot mjector
is repeated until a conparison of sensor readings

F109hEHIRSs 4 RatiahPnR i9b alBR1IAE 90EsSBBENd & pfebdiGhamber 306 and
consuned i n the device 230. [0045] It is noted that,

agxlaglrf\?rg%tln{ph% oS Sﬁ?ﬁﬁ? Héerggyélls géénoﬁlé.:hﬁt:ﬂ&j%s&%%%ﬂ 0 MEBnase

oncentration’on el vacuum punp

230, gas phase concentration may alternatively be -
RO ebb A or e Sbcam rre T GO R s GRY B 0p3 4 in
devi ces. For exanple, in _the vacuum processing system
tBoocmshunath J0FpeIter side o€ feranghingpyap gpd/or abatemeént equipment

350. In that way, deposition in the equipment 350 is detected. As in the above
example, the flow of reactant gas through the reactant injector 310 is controlled by a
controller 324 to minimize depositing.

[0046] Also shown in FIG. 3 is the use of a single sensor 320 for measuring gas
phase concentration in both passageways 340, 341. A switching mechanism 322
alternatively provides a sample of the contents of the passageways 340, 341 to the
single sensor 320.

[0047] Returning to FIG. 2, logic for the programmable controller 224 such as
that described above is stored as executable steps on a readable media 225, which may
be integrated in the controller 224, as shown, or may be remote. Logic instructions are

read from the media 225 and executed by the controller 224.

12



310 introduces a reactant gas into a foreline 307

connecting a process chanber 306 and a vacuum punp
wG@2M7/0@%00in t he previous exanple. In this casePCT/US2006/044996

however, the gas phase concentration of the process

gas conponent is sanpled from passageways 340, 341 in

t he exhaust path 308 on either side of the roughing

u and/ or abat enent equi pnent ﬁg vay,

B 11 ork pehenieee Blph PV B 0FTCS i B on D ekt relionshin

above exanple, the flow of reactant gas through the
bevechapentitesedattsd oBlBoiasee b Al pEide Wta The N?lrgt@?l s 410

324 to mnimze depositing. [0046] Al so shown in FIG
répresentstemesrdlf differehoginausgsnsoiiucdid flosws upsasum anddgrsstream

phase concentration in both passageways 340, 341 . A

oT¥id 10 mﬁl%%oﬁ%l@cﬁﬂéﬁd ¥ épREQHS Siemt@dduced quantit
sanﬂ%ﬂkﬁg)the 2@ ents of the passageaays 340, 34%?%(?uMIly

e 32

I E@O%n?b giﬁﬁ PR R R Pl PR W honlb B nfgea o

escri be ab e is stored as executable steps on a
QQ§&H§Bﬁ%0W%HH§d§?§W NSy be |ntegratedp|n the
controller 224, as shown, or nmay be renote. Log
(004 r uct i dngegiewAs gaan be seAnt fiem Hﬁdw& 4295 %%%Sﬁt”é the
by the controller 224.[0048] A schematic plot 400,
isfaered uintiG offludrideuttl rraquéts iam deareese swtheatiHetenersini tpngsten
bet ween quantities plotted on two axes 410, 411 of the

fﬁio?ﬂde 1508 48T tihgEhdR¥les Al helifRERSEIN6rIe MRSt rettions in the
difference in tungsten fluoride flows upstream and

(%9%%?2\@6% SR8 ahd COTRlGE B RISPRe. DRBe EH%" doSithgton of

FeprBSent s an i ntroduced quantity of

fl Th t. 400 d
S B BRI e
CEEEAG TG MERE

measured difference in WF flow.

[0050] Ideally, the system is operated in a steady state wherein the introduced
quantity of fluorine is at the line between regions A & B, which is where a minimum
quantity of fluorine is introduced while still preventing deposits in the device. In
practice, an acceptable excess quantity of fluorine must be tolerated in order to assure
that deposition is completely suppressed. For example, a 5% overshoot of fluorine
injection may be set as the acceptable level.

[0051] Tt can furthermore be seen from the plot 400 of FIG. 4 that, in region B,
an excess supply of fluorine cannot easily be detected by monitoring the difference in
the tungsten fluoride flows across the pump. Instead, other techniques well known in

the art are used to determine the location of the ideal range of fluorine injection.
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i ntroduced quantity of fluorine 411 results in a

decrease in the difference in tungsten fluoride flows
wad07/06at i ndi cates that the increased fl uori RET/US2006/044996

inhibits reactions in the device that cause deposits

and consune tungsten fluoride. Once the consunption of

tungsten fluoride in the device is close to zero (line

430), as is the case in region B, increasing the,
[epf2htity of miethod S08dn pesardaaer Wifh sheigegntipgls glw@ in flow chart
strong effect on the neasured difference in WF6 fl ow.
f6R0BOITG. de dlhleynethdikis Systoatmiling alpposits éula devige 5t @wppum
state wherein the introduced quantity of fluorine is

pidcebdies Lyjsheh BETMRGIAH. eTHRPodishls mabié BY ohsomireresomponents of
m ni mum-quantity of fluorine is introduced while stil

aHré%Yaq{g{ .%agesg%ggﬁi)\gvﬁgtﬂmﬁigﬁt}%ﬁ%? e. In practice, an

accepta ess quanti ty uorine nust be

olerated. in grder to.assuye that. I 4t k8 ;
DB ot ol yolafprcionr TRoHaR dngt uRE0R GRR AL Pinte e
fluorine injection may be set as .the accep%aﬁlg Leveh}
VRODB1 Processigrsysighy sréahss pathipé 2 peEHOR PRTHERSIIPO At of°
FIG 4 that, in region B, an excess supply of fluorine
reatumo asiabibity theslegosisonads tytheroxhaust gas gompenedits fids aofed that

in the tungsten fluoride flows across the punp.

thd? ﬂiﬁ@ldst%ﬁis et nécesdariiyodies anehit-upndwnthieprddess may bammstialized
used to determ ne the |ocation of the ideal range of

vxflv\iﬁjdftéﬁf %rﬁgre.h&ia 5 9B w0 3Rd (1R rERk P FaddQtaridd daB oA AGERSt loop of

Invention is shown in flow chart formin FIG

. The nethod is for controlling deposits in a device
ﬂ%ﬁnQEVQ&%ﬂﬁW%F% essi ng system exhaust path. The

deposits are made g one or nore copponents of . an
(@67ust  prbausdiyabtheromert AT BEGROERbEDAUR | DoRgPed &2
Initially, a flow of a reactant gas is introduced .
ppsitiep ubiBgan of the dereicy estaniR0prape 853 Pogtiay davensiieRmaf dpe device
path at a position upstream of the device. The
(step 530). In a preferred embodiment, the quantity is measured by an infrared
spectrometer as a gas phase concentration. Next, from the upstream and downstream
measurements, it is determined (step 540) whether a portion of the exhaust gas
component is consumed in the device. If so (i.e., more of the component flows into the
device than flows out of the device), then the flow of the reactant gas is increased (step
550), and the method returns to the measuring steps.
[0055] If the upstream and downstream measurements show that substantially
none of the component of the exhaust gas is consumed in the device (i.e., the flow of
exhaust gas component out of the device is equal to or exceeds the flow into the
device), and it may be concluded that excess reactant gas is flowing through the device

(step 560), then the flow of reactant gas is decreased (step 570) and the program returns

to the measuring steps. If the measuring steps show that the exhaust gas component is
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reactant gas inhibits the deposits nmade by the exhaust
gas conponent. It is noted that that initial step is
waaboezessari |y done at start-up; i.e., the pPOTAS3006/044996
maybe initialized without any reactant gas fl ow ng,
and the reactant gas is started only after a first
Iﬁop of the nethod is conpleted. [0054] A quantity of
t he component of the exhaust gas present is neasure .
ngt being eyistmes i Pretdesismm 9 theye ?Soréwe@éss(fé%céﬁ“ DS ,Pf%ﬁged (e,
at a position downstream of the device (step 530). In
pa npore flemrBd of tav tiguied), therheo gljagtimientyinireactasd gog i anasly and
infrared spectroneter as a gas phase concentration.
phéptim cbh@sl 1bBss k¢ feantiageegownst ream neasur enent s,
it is determned (step 540) whether a portion of the

[??gbz ust 9ag aﬁ?ﬂ&ﬁ&ﬁ%di&éntco‘?'ﬂ?e‘iﬁ?&tioﬂ, e Qec%ﬁ}dg@ ﬁses| 4 so

., nmore of the conponent flows into the device

than fl.ows.out of the devi .

chRGBr T SLEM s SiorlPdut i Gy Ags T el i Boctb B en
returns_to the neasuring steps. [0055]..1.f the upst.ream
inientofonBE ARV R daeasTa ARG %I“f’w&tf;f SUBLELFRRFIANY pereases,
none of the conponent of the exhaust gas is consuned
theformetictesf the nevv. species inerepies ws wellaytiid aBethereomnonsw i the new
out of the device is equal to or exceeds the flowinto
shbtesde vilseintiafin dullyt comaymbe Awothel podetdthelrabcatotes of the new

reactant gas is flow ng through the device (step 560),

Sb&ﬁgﬂﬂggmk[OMIof reactant gas is decreased (step 570)
and the programreturns to the neasuring steps. If the

[Iﬁgszﬁt” I ng 8¢ %gﬁﬁs-’%@é’%b({ %@%ﬁé&é&o%%ﬂﬁ%dﬁxﬁrﬁ 6OHRGAA on is

bei ng ne evi ce, an ere is no

XCcess t.ant bein rovided.(i.e., no r 9
SBFE LG ey e RTORUpLLrRufiest R BopAgh 2
is made and programcontrol |oops to the ne sunin%..
PO qndowditioppl egvarmat 0arbd APt S8 SUch@s Din dpyected by
the techni que uses a
the reactant injector 610 at the point 607. Gas is sampled only at the point 641, and is

analyzed by the IR spectrometer 620 or by other analysis means. It should be noted
that the sample point 641 may be any point in the vacuum exhaust path 608
downstream of the component in which deposition is being controlled.

[0058] The reactant gas concentration is increased until a measured
concentration of the new species at point 641 stops increasing. At that point, sufficient
reactant gas is being introduced to fully consume at least one component of the new
species, and introducing additional reactant gas would not additionally suppress
deposition.

[0059] The foregoing Detailed Description and accompanying figures are to be
understood as being in every respect illustrative and exemplary, but not restrictive, and

the scope of the invention disclosed herein is not to be determined from the Description
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concentration of a new species forned downstream of
the reactant injector, as an indicator of the activity
wohod7we2aeact ant . As the anmount of injected reRCTAasR006/044996
i ncreases, the formation of the new species increases
as well, until another conponent of the new species is
substantially fully consuned. At that point the
concentration of the new species plateaus. I%?
oA hsalinzeniipne b raden e the Fhinpat mé%@éﬁd@ﬁ@rdmg tofle full breadth
invention is shown in FIG 6. Process gases pass
pehmitied bytthepgeddass Birarbepledbile theglistemds descpibedin@dnection
and additional equi pnent 650. A reactant gas such as

wik@ibfRsih thd'd%ahﬁﬁn bytuhBer @86l anfuriomceduddr padidsathe system
the point s is sanpled only at the point 641,

d Re@RMidHER M uiahn {yﬁt&&%ﬁ&céﬁﬂ%ﬁ Eoﬁ?gnéi‘ﬁs @fya Pl

anal ysi's neans. |t shou e noLe he sanpl e
int. 641
P %%Q%Ia%ﬁéf%‘éimbfi?sa@%éi@%osﬁ&&nogﬁﬁlf DR AR torkRb Brotmer

being controlled, [0058] The reactant

BT GPRIETIBRY Palid gieEas ol i1 underpiogdt fhaidhe embodiments
concentration of the new species at point 641 stops
shown end ilesgribad herbiatarpoilpillussefive ef thaprineinles ahthegassent
being introduced to fully consune at | east one
iewetiponend thaf viriws nesliSqpdachesay aa dnpleineotdd diynose skilled in the art
addi tional reactant gas would not additionally

vAHRRE &2rElePesh thdfopt MPHiritldrand presdng Detai | ed
Descrlpt|on and acconpanying figures are to be
understood as being in every respect illustrative and
exenpl ary, but not restrictive, and the scope of the

i nvention disclosed herein is not to be determ ned
fromthe Descriptionof the Invention, but rather from
the Clains as interpreted according to the ful

breadth permtted by the patent |aws. For exanpl e,
while the systemis described in connection

16



10

11

12

13

14

wi th suppressing the deposition of tungsten netal in
t ur bonol ecul ar punps, the system my be used to limt

waccewrdtomi i on of other materials on conmponent sPOT/U82006/044996

vacuum processi ng system such as the deposition of

oxi des, nitrides, suicides, borides or other ternary

or quaternary solid materials. It is to be understood

t hat the enbodi nents shown and descri bed herein are
Whelis claimed isati ve of the principles of the present

i nvention and that various nodifications may be

i npl emented by those skilled in the art w thout

depark.i ngA e precessing eysierd usipgprecess gashehaving at least one
i nvention.What is clainmed is: L A vacuum processi ng

@y Hoasntusitngtspianyss pAHaacsa Heposi@natrfb@lf adBeice in a vacuum
conponent with a tendency to produce a deposit on

SHURIREAR RihSsydRu], AR dybtefh doRfpidMgexhaust path of the
system the systemconprising: a reactant gas injector

posit}j i c r
Govi LSRR e HIFe AR A DA o AR Bl Rl r the
q% reactant gas i.nto thea\é cyum exhaust tga,[th t hat

GO TFATEE BHIBITEYT GAPAP IS TN S Ust T8N nc%?ﬁrp‘fgﬂ it vacgum
produce a deposit on surfaces of the device; at |east
exheuss paib dhatreducaseths tendacyofdbnaldpast ane epmpgnentie pypduce a

| east one conponent present in the vacuum exhaust path
depsdir @asnriiced ditheldwwice and for neasuring a

concentration of the at |east one conponent present in

the VAgdabinaRxBAd6S forlRAdRubeya séiceamtn dffie Sta¥ise Bne edtfiponent
a controller for controlling an anmount of reactant gas

ﬂr@sjeﬁf:iihqﬂe %’cu‘ﬁgf?@%@s‘% gtgt idSant BF @€ 4RYicP Qﬁ@ﬂ)r%eagm a

In part on a ere etween the upstream an

c%%%?ga{ioer? oF h27F Feggtro%te Icc())rrl]ns)(')nent present in the vacuum exhaust path

downstream of the device; and
a controller for controlling an amount of reactant gas injected by the reactant
gas injector based at least in part on a difference between the upstream and downstream

concentrations.

2. The vacuum processing system of claim 1, wherein the at least one sensor
is a sensor selected from a group consisting of an infrared spectrometer, a Raman

spectrometer, a mass spectrometer and a laser induced fluorescence spectrometer.

3. The vacuum processing system of claim 1, wherein the at least one sensor
comprises a first sensor for measuring a concentration of the at least one component
present in the vacuum exhaust path upstream of the device and a second sensor for
measuring a conceniration of the at least one component present in the vacuum exhaust

path downstream of the device.

17



2. The vacuum processing systemof claim1, wherein
the at | east one sensor is a sensor selected froma
wgnroerpeponsi sting of an infrared spectronet er, PATREDWE/044996
spectroneter, a mass spectroneter and a | aser induced
fl uorescence spectronmeter. 3. The vacuum processi ng
systemof claiml1l, wherein the at | east one sensor
conprises a first sensor for neasuring a concentration
of the at |east one conponent present in the vacuum
exhadst [JaeNacpet piogessin sysiemdgdelasm lamdorein theslgwice is a vacuum
sensor for neasuring a concentration of the at | east
pan®. conponent present in the vacuum exhaust path
downstream of the device.4. The vacuum processi ng
systemof claim1l, wherein the device is a vacuum
punp.5. 5. ThBSanaetpiNcEkRSeFSERGIeYshewhkreii thedetice is a vacuum
wherein the device is a vacuum exhaust abat enent
e%ﬁ%k?ﬁxﬁ eI{[ggwxgcuyn1processing systemof claiml
erein the device is a vacuum backi ng punp. 7. The
vacuum processi ng systemof claim1, wherein the
compagnent., t endj n Q % r oS IS s
IRt do TaRg e HapsSer Ry SR i 5 s iR Uppice is  vacuum
vacuum processi ng systemof claim1, wherein the
BE BW{'Pgas i njector includes a renote plasma source
for dissociating a reactant gas precursor to form an
atomi c s&gcies of the reactant gas. 9. The vacuum )
pr ocEssi A§e Fgstvanpieressng;sysiem okt In wheeiy isicrmpeagnt tending
i ncl udes nedi a contai ni ng commands that, when
te Xeoudapdsitsia ieesteh dluotide amd the reactant destie flwprige.f r om t he
di fference between the upstream and downstream

8. The vacuum processing system of claim 1, wherein the reactant gas
injector includes a remote plasma source for dissociating a reactant gas precursor to

form an atomic species of the reactant gas.

9.  The vacuum processing system of claim 1, wherein the controller includes
media containing commands that, when executed, cause the controller to:

determine from the difference between the upstream and downstream
concentrations whether at least a predetermined portion of the process gas component is
being consumed in the device, and, if so,

increase the amount of reactant gas injected by the injector.

10. A method for controlling deposits made by at least one component of an
exhaust gas on a device in a vacuum processing system exhaust path, the method

comprising the steps of:
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10

11

12
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concentrations whether at |east a predeterm ned

portion of the process gas conponent is being consuned
wonod7we2mevi ce, and, if so, increase the anmounPCoOfUS2006/044996

reactant gas injected by the injector. 10. A nethod

for controlling deposits nmade by at |east one

conponent of an exhaust gas on a device in a vacuum

processi ng_ system exhaust path, the nmethod conpri sing

t he SinBpdUcHES ¢ APWod @aFIFFnh SRS 510 B VACIERPIOSPRSINGSYStPRY Echaust

the vacuum processi ng system exhaust path at a

adis bit 4 mositigpstpseeam of thellevidevhe eactahiegaseslubiing thradeposits made

inhibiting the deposits nmade by the at |east one

0B anieRdt o8k cbMpoonh 8Pk egiddist glRASUri ng a quantity of
the at | east one conponent of the exhaust gas present

at a rﬂQa%hﬁ#gg ?ﬁgﬁgﬁ%ﬂ/ B8M:Qf 1ehfiond %anggﬁerﬁgfﬁreixﬂ%s@‘gas present at

gquantity o ' east one conponent of the exhaust
%gs.tfores% t at ﬁ:‘ep‘%sjcg_i on downstream of the device;

U RGP PERE I st r eam and downst r eam
measurenents whet her at least . a predet?rm' ned
por t i BeAsErng pQuaRtity gfte apleast BssemeAReS P %h?eexg%ﬁaaﬁstpfesem at
gas is consuned in the device; and, if so; increasing
a pasitidnolovalstredme of dwadeaies; gas. 11. The met hod of claim
10, further conprising the steps of determ ning from
t he uRsdrneany dne thewpstdaapinddasistredar nicswbeehBwhether at least.
substantially none of the at |east one conponent of

d Gﬁl‘%dﬁ?ﬁﬁﬁﬁﬁ p&fdn b8 tHe SR cicBmbbRerfl 8Y HeQixhARE gad if cERsumed
et erm ni ng whet her excess reactant gas is fl ow ng

ih M osgh & Ngs deyd.ce: and, if

increasing the flow of the reactant gas.

11. The method of claim 10, further comprising the steps of

determining from the upstream and downstream measurements whether
substantially none of the at least one component of the exhaust gas is consumed in the
device; and, if so,

determining whether excess reactant gas is flowing through the device; and, if
S0,

decreasing the flow of reactant gas.

12. The method of claim 10, wherein the measuring steps comprise measuring
the quantity of the at least one component of the exhaust gas using an instrument
selected from the group consisting of an infrared spectrometer, a Raman Spectrometer,

a mass spectrometer and a laser induced fluorescence spectrometer.

13. The method of claim 10, wherein the reactant gas is fluorine.
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so, decreasing the flow of reactant gas. 12. The
nmet hod of claim 10, wherein the neasuring steps
woaoric®®1 measuri ng the quantity of the at | eaBCTMS2006/044996
conponent of the exhaust gas using an instrunent
selected fromthe group consisting of an infrared
spectroneter, a Raman Spectroneter, a nass
spectronmeter and a | aser induced fluorescence
specty,0 h | ai m ere th
reactéh?ﬁggén?eOQ?gngﬂgff%‘ g%ﬁg?ﬁgﬁn%Q%% O?a
wherein the_step of introducing a flow a reactant
reacdant gesIf G ey ‘HH%P{PFS%E@S’%Y#@%%@FW% B¢r GomPRIses
further conprises dissociating a precursor gas using a
dissppipangh arsarsebgasaeingPemPieep lppmehesairest ¢l ai m 14,
wherein the reactant gas is fluorine and the precursor
gas is NF3. 16. The nethod of claim 10, wherein the
devi ce. i Shsenebsda daion 4 wiemipthe oemist gagisdfuoany aodithe
punp and an abat enment device. 17. The nethod of claim
p&QREMﬁgﬁﬁgnﬂghe at | east one conponent of the exhaust
gas is tungsten fluoride. 18. The nethod of claim 17,
wherein the reactant gas is fluorine. 19. The net hod

of cli@i MR mhKT & dhail'®), FhetBRHE QMG RN oRE i

exhaust gas conprises at Ieast one gas selected frdm

Ef-ﬂSStg{ W NGk ﬁ»hh%gafgfan T e H3 B2H6 and Si H4. 20.

ﬁﬁe freasuri ng steps
conprlse nmeasuring a gas phase concentration of the at

| east onent . . .
17°"né m ol otI claim 10, wherein the at least one component of the

exhaust gas is tungsten fluoride.
18. The method of claim 17, wherein the reactant gas is fluorine.

19. The method of claim 10, wherein the at least one component of the
exhaust gas comprises at least one gas selected from the group consisting of WF3, Ha,

NH3, BzH(g and SiH4.

20. The method of claim 10, wherein the measuring steps comprise measuring

a gas phase concentration of the at least one component.

21. A vacuum processing system using process gases having at least one
component with a tendency to produce a deposit on surfaces of a device in a vacuum
exhaust path of the system, the system comprising:

areactant gas injector positioned in the vacuum exhaust path upstream of the

device, the reactant gas injector capable of injecting a reactant gas into the vacuum

20



10

11

12

21. A vacuum processi ng system usi ng process gases

havi ng at | east one conponent with a tendency to
wonrotwesoa deposit on surfaces of a device in RCYASNG1044996

exhaust path of the system the system conprising: a

reactant gas injector positioned in the vacuum exhaust

pat h upstream of the device, the reactant gas injector

apabl f injectin react.ant .qgas into the
e ik Mzt et he Brdercy 26 ity [PREoreamaoRdp Prafecg?
| east one_conmponent . tq produce a,deﬁosit on surfaces
degosition syEfps oL e deyiagibyi cogbiing withdhe ot lpash gne geaponent to
conmponent to produce a new species; a sensor for
prodaswia heny speaemcent rati on of the new speci es present
in the vacuum exhaust path downstream of the device;

and a seot flrh&ksudird a Eathteltion g tidneWTepsdies fese@ds tidMacuum
gas injected by the reactant gas injector based at

eXIBAS pa dBRhdireBf Jrige dANRshfLam concentration. 22. The
vacuum processi ng system of claim 21, wherein the

SEens 8?:01'1t§01%r 5 Ao l eaﬁtar%%uf ST og%? inieg:?esd bs3; {hd ea%{ant
an i nfrared spectronerer, a Raman spectro er,” a nass
spectroneter and a | aser_ induced fluorescence

g%%&@% atedrat lepst inpael opdhy A RRIGRRSOPFFISHaY-em of
claim 21, wherein the device is a vacuum punp. 24. The
vacuum processi ng systemof claim?2l, wherein the
devi 2 | Shavacqsmurpesshing systanaf eln e L aelsreid the sensqiig a sensor
vacuum processi ng system of claim 21, wherein the

sdeptedcEoms: grovaconsisiing ok am mfpuedospect?@Gnet®h @ Reatanspectrometer, a
processi ng system of claim 21, wherein the conmponent

mass spectrometer and a laser induced fluorescence spectrometer.

23. The vacuum processing system of claim 21, wherein the device is a

vacuum pump.

24. The vacuum processing system of claim 21, wherein the device is a

vacuum exhaust abatement device.

25. The vacuum processing system of claim 21, wherein the device is a

vacuum backing pump.

26. The vacuum processing system of claim 21, wherein the component

tending to form deposits is tungsten fluoride and the reactant gas is fluorine.

27. The vacuum processing system of claim 21, wherein the reactant gas
injector includes a remote plasma source for dissociating a reactant gas precursor to

form an atomic species of the reactant gas.
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tending to formdeposits is tungsten fluoride and the
reactant gas is fluorine. 27. The vacuum processi ng
woeyet7@aoi claim 21, wherein the reactant gas POTASRM6/044996

i ncludes a renote plasna source for dissociating a

reactant gas precursor to forman atom c species of

the reactant gas.28. The vacuum processi ng system of

claim 21, wherein the cont roI I er includes nedia

cont conmands that, e u

cont ?gl I g‘ge V%wugé]f’rof?ﬁsﬂlé s%/s i(a%%‘o%\}mgf ereﬁl i cBHt?oller

entratlon whet her at Ieast a red erm ion

ingugesn PHBEEUTIGZSORGHATIN R WIS IFEPFHCE G7ET %IC Oilﬁfeto

device, and, if so, increase the am)unt of reactant

gas |dﬁ]6§§tr@cfr(§9r thqﬂpwns}rgztm eencentration whether at least a predetermined

portion of the process gas component is being consumed in the device, and, if so,

increase the amount of reactant gas injected by the injector.
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