REPLACEMVENT SHEET IN SI TU MONI S BEEN
CONTAM NANTS | N SEM CONDUCTOR PROCESSI Nﬁﬂéﬁﬂg D
BACKGROUND OF THE I NVENTION  Field of the Invention '
i nvention relates generally to devices and nethods for neasuring
contam nants in a process stream More particularly, the present invention
relates to devices and nethods for neasuring contam nants in procggm
chanbers used to make sem conductors. Background of the | nvanim&atevoov

A device currently used to neasure contaninants in a s&FREBMMLLS Eyosssus
processi ng - chanber is a residual gas analyzer (RGA) which preferably

I ncl udes quadropol e technol ogy. For nonitoring of contam nants al

processi ng pressures, a dedicated turbo punp draws chanber gases/tﬁ/yough a
control valve or a WMTUMWITOMNWFGWNMTSSUCh a resfdual gas
anal yzer is bul ky arSEVMIQONBUGTORRROCESSINGUHAMBERSD| e of nonitoring
contam nants in process gases prior to their entry into the chanber.

Figure 1 (Prior Art) is a schematic diagramof a sem conductor processing
chanmber 10 which is initially evacuated by a roughi ng—pUTrp—IZ’t‘h’r_(iugh an
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5 : .The present invention relates generally to devices and methods for measuring contaminants

ifeld he Invention

in a process stream. More particularly, the present invention relates to devices and methods for

measuring contaminants in processing chambers used to make semiconductors.

Background of the Invention

A device currently used to measure contaminants in a semiconductor processing chamber is
0 a residual gas analyzer (RGA) which preferably includes quadropole technology. For monitoring
of contaminants at processing preésures, a dedicated turbo pump draws chamber gases through a
" control valve or a limiting orifice into the analyzer. Such a residual gas analyzer is bulky and
expeqsive, and is generally incapable of monitoring contaminants in process gases prior to their entry

into the chamber.
5 Figure 1 (Prior Art) is a schematic diagram of a semiconductor processing chamb:xh' 10 which
is initially evacuated by a roughing pump 12 through an open shut-off valve 14. A high vacuum

pump 16, such as a cryogenic pump, then evacuates the chamber 10 through a control gate valve 18
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2 by closing the shut-off valve 14 and opening a segohd—shut—ott
val ve 20. The high vacuum punp 16 continues to punp the ¢HaHHEHEEDHHASBERY
processi ng of sem conductor wafers. One or nore processing._gas

shown) are selectively provided to the processi ng chanber 10 throucjh a
final inlet valve 22 or directly to the roughing punp 12 through a m:%ss
val ve 24. The process gases are typically supplied fromgas cyli nderssst,

28 through cylinder shut-off valves 30,32. The fl ow r at Gerefmai e st ronth S
typically controlled with mass flow controllers 34,36. Three way val ves

38, 40 in}Ptht SRt tg B ARG STHethi g fadiid Bidhp 10
or tob?%ébs;ougﬁi%ﬁg %%Xgﬁ%gq%ggg@ggggéﬂgyﬁ&gl ve may be rep%lgc?ad by a I[,ee

dt hut - of f | Lt d. th tlets. [ i t
o0 13 sl A R B OB e Bmeuon yolls Bk o
entering -‘the chanber 10. A preferred npisture analyzer has a thin film of
bar i uprasessingigases Gwe shown) ase selectivelyareyideditofhe prosessingchamber 10 theoughracdingl | y

avai lable from M I Ilipore Corporation under the trademark ILMerr]. United

St at esnlétatabvel22 d¥airectly e folfghitighumpZ/throughddspassbalvel 340 Thelpoocessgasessark or
nonitoring noisture in process gasses which are inlet to sem conductor

oCes&i; fhayr ; 54 4
S0t ety IR fom gas cylindel 26728 (HAenSTip G ANKERH Ville30:3% T oy e
concern.include npi gture, ygen, a carbor] di i%g. A dedi cate éd%rbo
punp #6MHeEa5S 15 DiraY corfolied VB tpaslow Ponraliees U3 TR VRYESS: 40588 o
valve 48, or a limting orifice. Sanpling of the gases in the chanber 10
i s sebeusaddoiselectively flowfthe pricess gasesto the chamber 10 or to the roughing pump 12. Each

Q

three way valve may be replaced by a tee and two shut-off valves positioned on the outlets.
An in situ moisture analyzer 42 may be used to monitor the process gases prior to entering
0 the chamber 10. A preferred moisture analyzer has a thin film of barium coated on a quartz crystal
microbalance sensor and is édmmercially available from Millipore Corporation under the trademark
ILM®. United States Patents Nos. 5 ,339,675 and 5,477,716 describe thin film sensors for monitoring .
moisture in process gasses which are inlet to semiconductor processing chambers.
A residual gas analyzer 44 measures contaminants within the processing chamber 10.
(5§ - Contaminants typically of concern include moisture, oxygen, and carbon dioxide. A dedicated turbo
pump 46 draws a small volume of gases from the chaxﬁber 10 through a control valve 48, or a
limiting orifice. Sampling of the gases in the chamber 10 is. selected by a shut-off valve which
connects the turbo pump 46 and the roughiné pump 12.
The residual gas analyzer 44 does not operate at increased pressures such as tTle regimes

20 typically found in process gas lines which supply the processing chamber 10. Additional monitors

-
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connects the turbo punp 46 and the roughing punp 12. The resi dual
gas anal yzer 44 does not operate at increased pressur THRCSHERT HABER!|TES
typically found in process gas |lines which supply the iproceg&m&b anber

10. Additional nonitors for process

used to nonitor contam nants in the process gases. Therefore, there,

exi sts a need for an apparatus and nethod for neasuring contam nantﬂmmas;

ei ther process gasses or in a processing chamber. yoreSWATRAD i iranilE
| nventi on The present invention provides a nethod and appar at us

for eﬁﬁ'??éde@d gaded dte HypicallyRiséd @thétitod ContamirintsAinithépiotesdi gaSés) Pherefore, there
sem conduct or processi ng chanber. According to a net hod and appar at Us of

the p t t hr ou

one. orRRHndel ¥5¢ i BibarBuClil pedtGl K nSisulite Ffith AR In WBe R wieey e

m crosensors are selected to neasure gaseous contam nants such as

noi st I &ProgsSsEhambenon di oxi de, or combinations thereof. In situ
nonitors conprising a thin filmsensor are preferred. The in situ nonitors

are readily configured to sel ect neasurenent of contami nants in process
gases or in the processing chanber. Brief Description of the Draw ngs

So th&ﬁ'@ﬁ@'ﬁmiﬂt‘mi ch the above recited features, advantages and
obj ects o e presen

5 The present invention provides a method and apparatus for essentially in situ monitoring of

contaminants within a semiconductor processing chamber. According to a method and apparatus
of the present invention, a small volume of exhaust gases are drawn through one .or more
microsensors by a dedicated smaller high vacuum pump. The microsensors are selected to measure
gaseous contaminants such as moisture, oxygen, carbon dioxide, or combinations thereof. In situ
0 monitors comprising a thin film sensor are prefei"red. The in situ monitors are readily configured

to select measurement of* contaminants in process gases or in the processing chamber.

rief Description of the Drawings
So that the manner in which the above recited features, advantages and objects of the present

- invention are attained and can be understood in detail, a more particular description of the invention,

S briefly summarized above, may be had by reference to the embodiments thereof which are illustrated
in the appended drawings. _\
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I nvention are attained and can be understood in detail, a nore particul ar
description of the invention, briefly sunmarized above, [RyisReEBRdIARYBEEN
d L

reference to the enbodi nents thereof which-are illustrate I NREFIQCEppended
dr awi ngs. #
It is to be noted, however, that the appended drawings illustrate OJT;_(NT

typi cal enbodinents of this invention and are therefore not to beaeemsss
considered liniting of its scope, for the invention may.admiseinisImy
equal ly effective enbodi nents. Figure 1 (Prior Art) 1's a schematic

view of a §enoARHI, HpwRVES Bt tHppBAdHARrawRES ﬂ&s@ate%ﬁ’t??ﬁ:ﬁﬁ&ﬁbé@ﬁéﬂ{si ng

the noisture content of inlet gaseS and a resirdual gas analyzer neasuring
gaseoys, .cont ap nanj s iting the.processi cha X Eigur.e 2 is a
Jchorhinis treBiph Y fre Tirhioronen S o conaEkE BrfRotiin sepre, or thg v iHliSh B o
whi ch sel ectively communi cates with the inlet gases and exhaust gases to

neas wdmitytesetherequally efpstiverambadimentsng and exiting the processing chanber;
and Figure 3 is an alternative schematic view of the sem conduct or

processi NoFighah @rici At} e schitMats eienosf Déenticatiducto? processing chahtber Aavitig aher
under st andi ng ofthe present invention, reference should be nade to the

gnsui ﬂ&oseﬂ?&ﬁh&&%ﬂg #ife tnBish8 content of inlet gases and a residual gas analyzer measuring
gaseous contaminants exiting the processing chamber;
- Figure 2 is a schematic view of the semiconductor processing chamber having a microsensor
- which selectively communicates with the inlet_ gases and exhaust gases to measure gaseous
contaminants entering and exiting the processing chamber; and
0 : | Figure 3 is an alternative schematic view of the semiconductor processing chamber and the
microsensor of Figure 2.
For a further understanding of the present invention, reference should be made to the ensuing:

detailed description.

- Detailed Description of the Inventio
5 ~ The present invention i)mvides an apparatus for measuring contaminants in a semiconductor
processing chamber, the apparatus comprising a processing chamber, and one or moré microsensors,
wherein the microsensors are positioned to receive exhaust gases from the processing chamber and
measure essentially real-time concentrations of one or more contaminants. A small;;olume of

exhaust gases are drawn through one or more microsensors by a dedicated smaller high vacuum

R
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Det ai | ed Description of the Invention The present invention

provides an apparatus for neasuring contam nants in a sem TRREUSHEET HAS BEEN
processi ng chanber, the apparatus conprising a processing hanbmpLﬂrED one

or nore mcrosensors, wherein the mcrosensors are positiesed-to TEcCel ve
exhaust gases fromthe processing chanber and neasure essentially  paent
real -time concentrations of one or nore contam nants. A small vol unarrofiss
exhaust gases are drawn through one or nore m CroSensor Sxik¥sstadl Mﬁms
snmal | er high vacuum

punp. BhRipNTHE AEEBSMESTs afesefetelb Mikabtre Paseout Coftanimints Suehtad Mdistite; oﬁygda as
noi sture, oxygen, carbon dioxide, or conbinations thereof. In situ

noni to ngk S
appar aﬁ?;fgg@%@?é’hﬁ* i Corpitifhicds BRREE>0h B mofidr Tolrtiing » thin Il Sensor are
conpri si gas inlet and an exhaust port, a source of one or nDre
procesB connected to the gas inlet, a high vacuum punp connected to
t he exhaust port, one or nore in situ fronitors, and one or nore val ves
posi ti oned The sppacatts oftthy inventionprefetably ¢omprises a processing chamber cdmprising a\gas e
of one or nore process gases and a portion of gases exhausted fromthe

P5OCes f{{l&%nd A ERRAust port, a sourcd 6 et Sbire pPocesY g438s Edriiétied %o the'Bis e, falfigh
nmeasur i ng contamnants in a sem conduct or pr ocessi ng chanber conpri st ng

L1 P M it B RBn? AR YRR o R Vil

‘one or nore _contanm nants. The nethod of the invention preferably conpri ses
t he coResitipngd & sslectively cemmaﬁm@etmmpmg@.w& thesauece ofjone oR moTre Pro%essum
punp, and sel ectively communicating one or nore in situ nonitors with
exhausgasgaamdba portionog ghses exhdustedriron tiss processimglohamber] process gases

The present invention provides a method for measuring contaminants in a semiconductor
0 processing chamber, comprising the steps of flowing exhaust gases from the processing chamber
- through one or more microsensors, and measuring essentially real-time concentrations of one or
more contaminants. The method of the invention_ preferably comprises the combined steps of
evacuating the processing chamber with a high vacuum pump, and selectively communicating one
or more in situ monitors with e-xhaust gases flowing from the processing chamber and process gases

5 - Dbypassing the processing chamber.
The method and apparatus can be used with any processing chamber, and is ideally suited
for the low pressures and high temperatures encountered in physical vapor deposition of metal layers

on semiconductor wafers.

Further description of the invention will be directed toward specific embodimei;s.
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bypéssi ng the processi ng chanber. The net hod and apparatus can _be
used.wi th any processing chanber, and is ideally suited fprraihsHEEMHAS BEEN
pressures and high tenperatures encountered in physical vapor deyBPSACEDN of

nmetal -l ayers on sem conductor wafers. Furt her description of the
i nvention wll be directed toward specific enbodi nents. .
6 Figure 2 is a schematic diagramof a sem conduct or proce.sﬂm

chanber 10 which is initially evacuated by a roughing R W&g;vnan
open shut-offval ve 14. A hi gh vacuum punp 52, such as %Hcry%élé‘ﬁg%mﬁur%’,"s

t hen evacuat . _ . i o
t he shut-o#ﬁ§¥%?$%£§%£€ﬁfcé@gﬁﬁﬁgﬁgggggﬁﬁﬁkéﬁﬁ?g%%ﬁgéa J%xiéyﬁ*ﬁgkhlg Y
vacuum punp 16 continues to unp. the chanber, 1 ri rocessin

sem o RiRFORSH byararamERET 12 (ighan ape RO Eyeed. AMehrscirpate Sesh
provided to the processing chanber 10 through a final inlet valve 22 or

di r ect hya tryogenic pomg)them eyacnates] the charobey 1 0shrioyglng sontedl\gateovalverid by closingsthe
gases are typically supplied fromgas cylinders 26, 28 through cylinder

shut - obfut\ett Vfise BPandopenitizth debohll shat-6ffVhalve2d. THaMESh vaculhGap 18 coRtuie!tb ed

with mass flow controllers 34, 36. Three way valves 38, 40 are used to

o 1 2t i fo BORE R RS St Enlcdp P s, Qrlloraor By
val ves positioned gn the tee outlets. | A mcrosensar npisture
anal yzéhowe) are sslestively peevided ta-the prpcessipg chambern Khthzough  fingbindes yalve 22 for

process gases or a portion of exhaust gases fromthe chanber 10 through a
first tdireetly wathevughing Pingn 82 shroegly acdbyphsscealver24.v hecproCess gasearectypically
exhaust ‘gases are drawn through the
supplied from gas cylinders 26, 28 through cylinder shut-off valves 30, 32. The flow rate of the
gases is typically controlled with mass flow controllers 34, 36. Three way valves 38, 40 are used
0. to selgctively ﬂbw the process gases to the chamber 10 or to the roughing pump 12. Each three way
valve may be replaced by a tee and two shut-off valves positioned on the tee outlets.
A microsensor moisture analyzer 56 is positioned to selectively communicate with the source -
of process gases or a portion of exhaust gases from the chamber 10 through a first three-way valve
58 and a second three-way valve 60. The process or exhaust gases are drawn through the
.5 - microsensor by a dedicated pump 66, and the flow rate is controlled by a needle valve 62, or an
orifice having adjustable conductance. A shut-off valve 64 isolates the microsensor 56 from the
roughing pump 12 when desired. Alternatively, the shut-off valve could isolate the microsensor 56
from the high vacuum pump, and a small turbomolecular pump or a drag pump would be sufficient

o

to draw the process gas or the chamber exhaust through the monitor.
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val ve 64 -isol ates the mcrosensor 56 fromthe roughing punp kzptheEED
desired. Alternatively, the shut-off valve could isol at elthe—mtcrosSensor 56
fromthe high vacuum punp, and a small| turbonol ecul ar punp or a drag

woul d be sufficient to draw the process gas or the chanber exhaust & Mkugh

the n'Dnl tor. AMATN61/PVD/DY
ESS MAIL NQ. MDSI us
M crosensors for other gaseous contam nants can suppl enent o1 repla

noi st ure I n i Lar ﬂ,ﬁ'—\ﬁ&l’e
whi ch absor L@%ﬁ%kﬁgge%gs%{e?%a?gonqsn%&{tmgﬁg{r;e#a&rral noI st u?gaaaééil yzer has a
thin filmof barium_coated on a quartz cry tal_ m crobal anc r and is
conmer Anglyegr 89 Preferes fP’oﬁ‘F‘I‘\/InI“P‘PES’& Yo rRp ‘htﬁl’?}nsmﬁﬂ’n E‘1?58 8‘ﬁe$as°°“s
gaseous contam nants include Titanium based m crosensors for nonitoring
Oxygen.contaminant. FA greferr&d moisturecnelyaer asci thin film of batiemsweated omchiquantz crystal
processi ng chanber 10 and the m crosensor 56 of Figure 2 wherein the first

and seGhitbbaldneSseN8dr ahdliy Esmmereidlly AVhRablé BoAOd lipdre Torpétition/Monitory foriither

whi ch selectively cormunl cates thé mcrosensor 56 with the source of

i €7 os cneaits can G p L i B SRR oA BT Bt PP e i g

chanber 10 dur| n:? proceSS| ng ofwafers after the processing chabnber IS

evacuat ed byF du grichematirdiagpam of the semigogducter: processing chamber 10 and the

Contam nants in the inlet gases may be nonitored as desired after the
microsensor 56 of Figure 2 wherein the first and second three-way valves 58, 60 are replaced by a

m'cfosensor by a dedicated punp 66, and the flowrate is controlled_ b
needl e valve 62, or an orifice having adjustable condumﬁm

four-way valve 68 which selectively communicates the microsensor 56 with the source of process
gases and a portion of exhaust gases from the chamber.

) The microsensor 56 preferably measures contaminants exiting the processing chamber 10
during processing of wafers after the processing chamber is evacuated by the roughing pump 12 and
the high vacuum pump 52. Contaminants in the inlet gases may be monitored as desired after the
inlet gas lines are evacuated by. the roughing pump 12; During wafer processing, monitoring of inlet

" process gases and chamber exhaust gases is selected by simultaneously switching the first and the

- second three-way valves 58, 60 (Fig. 2) or the four-way valve 68 (Fig. 3).

v

While the foregoing is directed to a preferred embodiment of the present invention, other and
further embodiments of the invention may be devised without de,parting from the basic scope thereof,

and the scope thereof is determined by the claims which follow.
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inlet gas lines are evacuated by the roughing punp 12.. Durl FQBIWF&T HAS BEEN
processing, nonitoring of inlet process gases and chanber
sel ected by sinultaneously switching the first and the second three-way
val ves 58, 60 (Fig. 2) or the four-way valve 68 (Fig. 3). Wil e the
foregoing is directed to a preferred enbodi ment of the present inventi,

ot her and further enbodi nents of the+tnvention may be devi sed w t howkemiea

det ormined by the o ai s il |l]ﬂ|@m|g||||f|i i the scope ! Bkabu

neasur Igg!ﬁg’lt am nants in assemr con Or «pr ocessi ng chanber COITpI’I si ng

the step fl owi ng exhaust gases fromthe processi ng chanber

t hrough one or nore mcrosensors; and measuri ng essentially
real-tlne concent |ons of one or, nbre contani_nants. he net hod of
clhim 1 wh é’P °|l' é&ﬁ“’@ﬂ@ﬁﬁ%éﬁ%ﬁﬁ?@@@@cfﬁ}% CESAEHTISING
3 ﬂ@ d of claim1l, wherein at |east one mcrosensor is an in situ
nDnltor mﬁ Conprises a quartz crystal coated with barium 4, The
meg hod -of cl fiowink exibust Bs froiahl prot&sing ¢hambkrahvdugh breioit morsmicrdsensorsand
processi ng chanber throu h the m crosensor. 5. The met hod of claim 1,

f #ther conpheasuniggepsentia est-txmcemmugnsafmm SAre AoNtamENaRtisr osensor
wi th the exhaust gases flowing fromthe processi ng chanber.

1 2 The method of claim 1, wherein at least one microsensor comprises a thin film sensor.
1 3. The method of claim 1, wherein at least one microsensor is an ir situ monitor which
2 comprises a quartz crystal coated with barium.

1 4, The method of claim 1, wherein a dedicated pump draws exhaust gases from the processing

2 chamber through the microsensor.

5. The method of claim 1, further comprising the step of selectively communicating the

2 microsensor with the exhaust gases flowing from the processing chamber.
1 - 6. A method for measuring one or more gaseous contaminants in a semiconductor processing
2 chamber, comprising the steps of:
3 evacuating the processing chamber with a high vacuum pump; and
4 selectively communicating one or more in situ monitors with exhaust gases flowing from the
5 processing chamber and process gases bypassing the processing chamber.
P

1 7. The method of claim 6, wherein at least one in situ monitor comprises a thin film sensor.

I
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6. A nmet hod for neasuring one or nore gaseous contam nants in a
sem conduct or processing chanber, conprising the steps p#s
g HIS HEEET HAS BEEN

evacuating the processin ith a high vacuum pu A
sel ecti vel y communi cati nﬁ@i (j! II Iru Iti tu monitors wiih efERhetERases
flowng fromthe process rocess gases bypassing the e

processi ng chanber. 7 The nethod of claim6, wherein at | eastarem@ai n
situ nmonitor conprises a thin filmsensor. EXPRESS MAIL, NO. EMO3,97050 0000
9 8. The met hod of claim®6, wherein at |east one in situ nonitor

cdnpri Ses a Theanéthod oficliinl 6,6uteerélfl at Mhst bn® A sist#onitor omprised § quared drpéaltoated
claim6, wherein the real-tinme concentration of water is continuously
neasur &fth bariupg The net hod of claim6, wherein the processing chanber is
a PVD processi ng chamber. 11. An apparatus for neasuring contam nants
In a sem conductor processing chanber, conprising; a processing
chambeo; andthe method 6M€lafth 610KKerBinCtheSRASHNE coRtentBASH o?']@ar%gl‘ tOeétifbusl
positioned to receive exhaust gases fromthe processi ng chanber and measlr e
edsent mgasyredeal -ti ne concentrati ons of one or nore contani nants. 12.

The apparatus of claim1l, wherein at |east one m crosensor conprises a
thin fil msensor. 13. The apparatus of claim1ll, wherein at |east one

MjCT 0S§PSOT ThE ridthbd'oflhith BPWhERIn B pFdbeSENPEtaRfbRr T FBPD! Frolds¥iif RhahiBd) €d

with barium

1 11 An apparatus for measuring contaminants in a semiconductor processing chamber,
2 comprising;

3 a processing chamber; and

4 one or more microsensors, at least one micosensor positioned to receive exhaust gases from
5 the processing chamber and measure essentially real-time concentrations of one or more
6 contaminants.

1 = ~:12. . The apparatus of claim 11, wherein at least one microsensor comprises a thin film sensor.
1 13. The apparatus of claim 11, wherein at least one microsensor is an iz sitz monitor which
2 comprises a quartz crystal coated with barium.

1 14.  The apparatus of claim 11, wherein a dedicated pump draws a portion of the exhaust gases

2 from the processing chamber through the microsensor.
1 15.  The apparatus of claim 11, further comprising one or more valves for selectively
2 communicating the microsensor with the exhaust gases. =
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15. The apparatus of cl ; conpri si ng oné—efr—f a
sel ectively conmuni cating Woxs sor with the exhaust gases.
10 16. An appar at us fl 'M'mﬁm ﬂ Lam’ nants in a sem conduct”%m_
processi ng chanber, conprising, L u cessing chanber conpri Shignea 9as
inl et and an exhaust port; a source of one or no g@“@’%‘ﬁwv
connected to-the gas inlet; a high vacuum punp c%ﬁﬁ%&%" GO Renys
xhaugg, POAh; apparatus oRtaRi | § Yethicaial Sifig CbhaH
\eal vggé'posé%li?ﬁﬁto%lﬁ?@gfbgmtgg?eaﬁ]@ﬁn sfttoﬁ pﬁg%élgt ogs I\IM e?’t he
sour coomiris@pe or nore process gases and a portion of gases exhausted from

t he processing chamber, 17. . The apparatus of claim 16, wherein at | east
bne in si t2PIeEeSSingchambey comprising a gas inl¢tand apsxhaustpary, The apparatus of

| ai m 16, %gi ' | @th gﬁgﬂg es a quartz crystal
goat ed wit arlé}n@%&%@gpp&%%%é%s%%é‘g}nus o#&g\e m %é wherein at | east one
fn situ mMyhighvatRms iR cofifedidd 1ol thy exigakt pdri;e concentrations of noisture.
20. The apparatus of claim 16, wherein the processing chanber is a PVD

Drocessi NPREHEMRIE in situ monitors; and

14. The apparatus of claim 11, wherein a dedi cated pyT

s
21
of the exhaust gases fromthe processi ng chanber through

t he

7 . one or more valves positioned to selectively communicate the in situ monitors with the
3 source of one or more process gases and a portion of gases exhausted from the processing chamber.
l .~ . 17.  The apparatus of claim 16, wherein at least one in sit« monitor comprises a thin film sensor.
l 18.  The apparatus of claim 16, wherein at least one in sifu monitor comprises a quartz crystal
2 coated with barium.

l. 19.  The apparatus of claim 16, wherein at least one in situ monitor measures essentially real-
2 time concentrations of moisture. '

1 20.  The apparatus of claim 16, wherein the processing chamber is a PVD processing-chamber..
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