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Application Serial Nunber 60/314,760, filed on August 24, 2001, the

di scl osure of which is hereby incorporated by reference in its entirety.

FI ELD OF THE | NVENTI ON The present invention relates generally to the field
of wafer processing 5 reactors or systens and nethods used in the

manuf acture of sem conductors and integrated circuits. Mre specifically,
the invention relates to an atnospheric pressure wafer processing reactor
havi ng an internal pressure control system and net hod. BACKGROUND OF THE

| NVENTI ON Waf er processing reactor systenms and nmethods are widely used in
the manufacture of sem conductors and integrated circuits. One particul ar
type of wafer WO 03/018860 PCT/ US02/ 27372 -2 processing systemutilizes
chem cal vapor deposition (CVD) to deposit filns or |ayers on the surface
of a substrate as a step in the nmanufacture of sem conductors and
integrated circuits. A variety of different CVD systens are used in the
art. For exanple, filnms nmay be deposited using | ow pressure CVD (LPCVD)
systens, 5 atnospheric pressure CVD (APCVD) systens or different types of

pl asma enhanced CVD (PECVD) systenms. In general principle, all such
systens enpl oy a deposition chanber where certain injected gaseous

chem cals react and deposit a layer of material on the surface of the
substrate. Many types of materials may be deposited, wth dielectrics such
as oxi des and doped oxi des being a typical exanple. 10 For proper operation
of the system and in particular to deposit a filmof desired quality and
repeatability, the f|OM/Of the gases within the reactor is inportant.
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RELATED APPLICATIONS
This application claims the benefit of United States Provisional Application

Serial Number 60/314,760, filed on August 24, 2001, the disclosure of which is

hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to the field of wafer processing

5  reactors or systems and methods used in the manufacture of semiconductors and
integrated circuits. More specifically, the invention relates to an atmospheric pressure

wafer processing reactor having an internal pressure control system and method.

BACKGROUND OF THE INVENTION

Wafer processing reactor systems and methods are widely used in the

manufacture of semiconductors and integrated circuits. One particular type of wafer



chem cals or reactants are available at the surface of the substrate to
deposit a proper 15 film WMoreover, control of the flow of such gases

pr onot es WOrog/0esf860 ci ent utilization of the gases for rea®Cirars02/243ct her
important criterion when depositing filnms is the thickness uniformty of
the film It is desirable to achiev#a film of substantially uniform
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may belisefilni Moadaeesaiiohef th e mRhich gnedpromore hise efRciol witigatioay ari se when
the 10 exl} ust systemof a reactor does not function properly. For

exampl e, it BHESEYRLGEAIOM ow rate is too high, reactive gases do not

conpl et el y reaginotielingpesd dite@ion &Med dositing films is the thickness uniformity

of the film. It is desirable to achieve a film of substantially uniform thickness over the

entire surface of the substrate. This aspect becomes even more important as the
20  diameter of substrates continues to increase. The flow of the reactive gases within the
chamber plays an important role in the resulting film thickness. Thus, it is desirable to
control the flow rate of the gases and to promote substantially uniform flow of the
reactive gases over the entire surface of the substrate.
A further important criterion in wafer processing systems is minimization of
25  particles and contaminants formed in the reactor. Particles and contaminants are
caused mainly by the accumulation of unreacted and by-product gaseous chemicals
and the formation of deposits (often called powder build-up) on interior reactor
surfaces. These deposits are a substantial source of particles that may contaminate the
films deposited on the substrate. To remove the deposits the system must be taken

30 offline and serviced. Contaminants and gaseous chemicals that accumulate in



surface of the substrate is hanpered. Conversely, if the exhaust now rate

is too slow, the gas flows are undefined, |eading to increased

accurul atwonsjomsssthe chanber that nay cause deposits to f@cmusn2/eisg2 chanber

wal | s. Accordingly, it is desirable to 15 provide a system and net hod t hat

controls, or "neters," the exhaust Ftow of gases by achieving and

mai ntai ning certain selected gas flow rate values within the system
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control means which accurately control the gas flows and do not deteriorate over time.

20 One prior art approach that has addressed these issues is described in U.S.
Patent No. 6,143,080, the disclosure of which is hereby incorporated by reference. In
general the ‘080 patent provides a wafer processing system for delivering a processing
gas and an inert gas to a chamber that includes a CVD processing region having a
plurality of gas flow paths for conveying the gases to the chamber and exhausting

25  them from the chamber. The active exhaust of the bypass plenums allows excess
chamber gases to be extracted from the system without asymmetric gas flow
conditions surrounding different chambers. Placement of the load and unload
exhausts internal to the system and between inert gas curtains allows the exhaust flow
control system to actively maintain a desired pressure differential (near zero) across

30  the chambers in an open APCVD system exposed to changing external environmental



10 exhaust flow paths. Wiile this prior art system and nethod of gas flow
control has provided advances in the field, additional inprovenents are
desi r abl ewoman1ssk@npl e, in the prior art system the sel Pcelusan2sgz orifice
is subject to glass and powder accunulation that distorts the assuned
correl ati on between exhaust gas mass+flow and pressure difference across
the orifice over tinme. Thus, the total exhaust gas mass flow 15 may change
over time, causing.an undesirable shift in the deposited oxide film
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mai ntain a _stabl e pressure bal ance in.the st em when, t he, external WO
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f1 ow t hr ougburhdhitsrethtrdist@ Cherassiiaesd cofrélatidn Beyw@a Sxisubiphy mpssSfosudnds change,
as can happen e as flo i n. adj acent _.pon- confi nuous processing systens
are tur nedgﬁur%‘%?%ceﬂ?rgﬁﬁwgﬁ% eé?’ﬁleorﬁ‘“%ﬁ@ﬁoﬁiexgﬁﬁ%gaé “E‘aﬁéﬁ%rtal door s
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powder over time and the deposited film thickness increases. Additionally, due to the
requirement for self-cleaning of the orifice, mechanisms to rotate the toroid and the
20  spring that wipes the orifice surface allow leakage in the exhaust line. Because the
resultant seal is less than optimal, thorough leak-checking of the facility exhaust line
is inhibited. Furthermore, leaks may shift the assumed correlation of exhaust gas
mass flow and pressure difference across the orifice. Thus, after preventive
maintenance disassembly and cleaning of the exhaust liné components, the setpoint
25  for the pressure difference across the orifice must be modified frequently to achieve
the same process condition. Maintaining the same setpoints on the system is desirable
for production operation without extra engineering support.
Finally, controlling the total exhaust mass flow to be constant in an open
Atmospheric Pressure CVD system does not compensate for input gas flow changes,

30  mnor does it maintain a stable pressure balance in the system when the external



can perturb the gas flows and deposited filmresults inside an open APCVD
system Accordingly, it is desirable to provide further inprovenents in

at mospherwo opioesssur e 10 waf er processing systens. SUMMARPCORUSOMEI3TNVENTI ON
It is an object of the present invention to provide an inproved wafer
processi ng system and nore particutdarly an inproved atnospheric pressure
chem cal vapor deposition (APCVD) system Another object of the present

invention is to provide a s stem and 0 t ni mzes accunul ati on of
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directly whtdoidinglyet iatesnsplhde prov@g/fwbm 1mgaroerbmsntanm§mespbtmr@ssw essure

bal ance, for_fprocess fers |l ess subject to changes in the external

envi roﬁo tgl}'Pd aelsﬁl%\%%}% conpensation of varying input gas flows as
occurs vvhen the supply pressure to the system may vary. WD 03/018860

PCT/ US02/ 27372 -6 In anot her enbodi ment of the present invention, a

chem cal vapor deposi ti on SLMWMOHGLBWB\I\ENTIQI\W ovided for delivering one
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provide a system and method that minimizes accumulation of gases and the formation

15  of unwanted deposits within the system. A further object of the present invention is to
provide a system and method that promotes the deposition of substantially uniform
films on the surface of substrates.

In one embodiment, these and other objects of the invention are achieved by
an atmospheric pressure wafer processing system for delivering at least one gas,

20  having an exhaust control feedback system that utilizes sensitive sensors to measure
the differential pressure within the system relative to the chase ambient pressure and
adjusts control units to maintain the selected preset pressures within the system. In
particular, the sensors measure the pressures inside a muffle, and specifically the load,
bypass center and unload sections of the muffle, relative to the chase ambient

25  pressure. Controlling the muffle pressures directly within the atmospheric system
yields a more stable pressure balance for processing wafers less subject to changes in
the external environment and allows for compensation of varying input gas flows as

occurs when the supply pressure to the system may vary.



the nuffl e are exhausted. The nuffle is nmaintained at approxi mately
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In another embodiment of the present invention, a method of delivering and

exhausting a gas to a process chamber in an atmospheric pressure reactor is provided.

20 In general, the method comprises the steps of establishing at least one gas flow path
within the reactor. The gas is conveyed through a gas flow path and the differential
pressure between the process chamber or one or more sections of the gas flow path
surrounding the process chamber and the ambient atmosphere outside the system is
measured. A flow control unit, responsive to the measured differential pressure or

25  pressures, is selectively adjusted to control a flow rate of the gas to maintain the
differential pressure substantially equal to a preset, constant value. Additionally, the
gas may travel through a plurality of gas flow paths, and the flow rates of the gases
are separately controlled to maintain selected differential pressures within each of the
measured areas. Further, additional gas flow rates may be maintained at a

30 substantially constant value within each of the gas flow paths to promote uniform



upon reading the detailed description of the invention and the appended
clains 5 provided bel ow, and upon reference to the draw ngs, in which:
Figure 1 WO 0a/ots866s-sectional view of a wafer processing ®EItEsorasenr di ng
to one enbodi nent of the present invention. Figure 2 is a schenmatic

di agram of a wafer processing system showing the exhaust control system
according to one enbodi nent of the present invention 10 Figure 3 is a flow

chart that herrat I | ustrates.one enbodi nent of t t hod of the
present i n\féﬁi"?%ﬁ“ ‘E#lghhfe FE% e&?’dﬁ% 19 &Y ’er%i%lre g gf’%metlr@o ul(ngtal on in the

perturbati qﬁt}idhaﬁg‘é&a{zdmhqe nmuf fl e pressure that occurs when the systemis
installed in a higher pressure clean room separated fromthe chase and the
portal door is opened (as if to load or unload 15 wafer cassettes),
conmparing prior art versus i roved g and control as
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the r esyl t ﬂagld%m%ﬁdhﬁérﬁl&ﬁ’?éﬁe tnthd @awin é’ln%fcflor rmnce for three
different types of pressure transducers. Figure 7 is a graph illustrating
the effect of fHigured iingcrosreseticmabdek okd Hafel ProessHng Bifet @ dipgive on t he
resul ti ng p i psifg,the nuffle due to the valve response,
for four dlrgefezrfoéﬁ?ne?l{@&hé%‘%yegr%gsurré transducers. 25 Figure 8 is a graph
showi ng t he ef fRigure 8fis 4 $vbematgpbagan of awafef pracesties sigies shoyigdiicer on the
measured pressure i t e best stability
accordi ng ¥0 01 Conén%%%{em §c¥o1'd¥h% tﬁgne ér;l‘goggﬁetll (ﬁf\/ﬂénérlg%)eﬂ{ ﬁgeel{rﬁg t he new net hod
of pregsure coriﬁgmrb 3iisa App Ichzafdthaudmlmatlcdﬂweléustr@T@aomemwodmnOQﬂ th18860
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fixed position Mgisuss arrgr‘af)lh Blustetiting éreeeductidn 1prt1mttuﬁ>anmmmntbﬂneld node,

respective| %fﬂedplflés!s.lglrg thancrg;luPSQVI%L tltlehs(}afst 2 rlst Igstal?ie% in a higher pressure clean

o
-

room separated from the chase and the portal door is opened (as if to load or unload
15  wafer cassettes), comparing prior art versus improved pressure sensing and control as
provided by the present invention.

Figure 5 is a graph showing the improvement in total pressure variation inside
the muffle during the processing of wafers and including portal door opening
according to the method and system of the present invention.

20 Figure 6 is a graph showing the resulting on-wafer thickness uniformity
performance for three different types of pressure transducers.

Figure 7 is a graph iilustrating the effect of filtering the feedback signal to a
throttle valve on the resulting pressure stability inside the muffle due to the valve
response, for four different types of pressure transducers.

25 Figure 8 is a graph showing the effect of the response time of a pressure
transducer on the measured pressure stability inside the muffle, yielding the best
stability according to one embodiment of the present invention where the new method

of pressure control is applied to all three locations.



Figures 10A and | OB are graphs showing nuffle differential pressure 5

f eedback control of the unload exhaust flow that elimnates shifts of

0. 0020" HEOOBM18Sbhe | oad-to-unload nuffle differential pressarse2zatsed by
step function external perturbation, Figures 11 A and 11B are graphs

showi ng nuffle differential pressur €% f eedback control of the unl oad
exhaust flow that elim nat es shifts of 0.0020" H2Oin 10 the

| oad-t o- unl oad ffle entl a ess al external
perturbati on. F:E!Jd%ﬂr‘és ﬁ arergéaﬁh B‘r(%wmglioa%ét% u\%go%g nmg%!élgtg%%rl%sul ts for
const ant f | pmssuraiatarvoith tlha&ddexllmaslﬁhrotﬂewslusm ﬁu@dpbmmmimam nmiflé | e
differential ressurefe ontro 15, Fi gur t of pressure
and val ve 218"&@? Rl Prepsyg © 8‘3@ gnwgﬁéﬁpecﬁg?ly’oddu%g Op%lgﬁgt (fflﬁfﬁeolﬂ?gp %‘%é’F ‘ation
during bor o- phopjgiies 0645 bhd ﬂBaeg{a@BsSsh()Bﬁl@G)ufﬂe tiffett@pigigiréssaa in  a full
system accq rese i nvention,.. sh OWI t ility of 8P1,
SP2, and @?@g{’%gﬂoﬁtf?i g@g Piog 6}8’1&“5[1 ﬁBWF}fart gifminges. ﬁ%‘s hfg)n@bﬁb h%(bi“{hr ottle

val ves undege biieofmhad sdufflC @fterealial pREARL208c b 8tep fRRE0h cktBvigint | on. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 20 The present invention is directed to an

at nospheri (Pelﬁ‘%fb%@i]fe waf er processing reactor having an internal pressure

control system E@E’reg@ifb% ll@ﬂ@rg@alphé/sho@m‘é@ﬁlﬁﬂe dPfREEIPrEGusYysSt em i s
provi ded for deliveri ngﬂj least one gas. The wafer proce55| n syst em has
aggrlo

an exhaust fesgbackepntfade s thevst flpw thag elimingles shiarf W20 HeR s ur e t he
pressun thjiehgaﬂi A RG163Y Sl @iﬁ@reﬁﬁa RS LA sHitbdigal bQePR] Nt ai n the

desi re set pressures wthint system re specifically, the system
and met hodpolfturbéw@npresent i nvention provides sensors that neasure the
pressures insid r } it& Rh&smYos CVD (APCVD)
system in one gg&% I:Z%Ias e@g%| ca %O(In@ rlﬁééaggfﬁggﬁpass cent gr and unl oad
sections ofcomthnélomilEiliaastofbrsuhbamé@fﬂbaslymrfﬁwdiﬁeehmlipmsurg feHleac\D 03/ 018860
PCT/ US02/ 27372, -9 chase anbi ent pressure). The system and net hod adj ust
pressure cSRP units as necessary to mmintain the desired set pressures
Wi t hi n 15he pr ocBigsredBdnbplosofgieksmn and valve position data over a 4-hour period of

continuous operation during boro-phosphoro-silicate glass (BPSG) film deposition in
a full system according to the present invention, showing the stability of 6Py, 6P,, and
8P; and the position of the first, second, and third throttle valves under the exhaust

control method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 The present invention is directed to an atmospheric pressure wafer processing
reactor having an internal pressure control system and method. Generally, a wafer
processing system is provided for delivering at least one gas. The wafer processing
system has an exhaust control feedback system that utilizes sensors to measure the
pressure within the system and adjusts control units to maintain the desired set

25  pressures within the system. More specifically, the system and method of the present
invention provides sensors that measure the pressures inside various regions of an
atmospheric pressure CVD (APCVD) system, in one example specifically the load,
bypass center, and unload sections of the muffle of the APCVD system (relative to the



the | oad and unl oad sides of the chanbers. Direct control of the nuffle
pressures directly provides a nore stable pressure bal ance for processing
wafers | ewo is§sect to 5 changes in the external environneat/E0z2srt onws for
conpensation of varying input gas f|ows as occurs when the supply pressure
to the rotameters varies. One enbodi-fent of the system of the present
invention is iIIustrated in Figure 1. The systenlgenerally |ncludes an

at nospheri c res chem.c a e |on general, the
CVD react or t% 8838 e} ki ?yls{% Zf%,n?ﬁ%%(‘/i aqy pcge rfﬁ%miog umtscflsunl oad 156
regi ons posndcb@m@do Blain@dPIHS Héstre Bed prevfurésheithinitht lpﬁmasétahaﬂﬂmes andfdnl e 140

i ncl udes at hanb 141 havi n N A8 and protective

shi el d asé‘t@r}ma%ﬁnﬂéﬁb@?%ogﬁ’@&h%lﬂ%ﬁ%|ﬁgﬁc FOWQL%fgt tH e(?ﬁeé%lg?spnor e reactive
gases Or pPHREHESovidHs adnosd IS¢ BreSiurefbalilbe/RY Piot&sidg WaRpslpa@rstibjedans ( not

shown) extends through the nuffle 140 for conveyi ng substrat es t hrough the
muf | e. ° Thehgugedpdhe Q?F?&%%‘}Vlmlilﬁe‘?tﬁﬁ‘%@gq%gfmﬂ?@ FprEOt VAR Mg Py #*&ct or and

pr ot ectlveﬂ%l%@é&caa%%emﬂe@&p%rgxesiaﬁa%&m&amb@rsgxaﬁ@st er detail in US. Pat.
Nos. 5, 683,516; 5,849, 088; 143,080 the entire _descriptjions of which

are expressly i Aeorperdaned ofibe sysienhy! thepisscahuentivh s ludigteddyFigne 136 i s
pl aced at @ngpend:af gefna%u Bﬁlh@s a%@no@ﬂ&magresm@ ARG 'vﬁﬁ)r%%sﬁifont he muffle

is the wunload region deposi t he surface of a wafer, the
| oad regi oﬁYSF@BlQ% Izger@mhﬁh@ﬁy@deqc@rrlé@mcinéewam@% 149, hewwe dgdddet or

tg f t
circui§g fopg 19&3%? g ape{s@etlﬁéh eateeﬂagtmwfﬂkqa@' mm@ﬁém(no

shown) 1's enplo o} rs into the | oad ion 136 of the
muffl e 1401ncwﬁe¢téeaatrcmechﬂw®yéﬂ havngughinjedier G RAd erotpa@v ielhe transport

roans. | The yBLE1S BASSH0E SR KD STMILL Bl d % AR ARG oL BPERaREPOST i on

chambers 14 a er ein rs are oces e wafers
t hen exit 2batstietramaf NoenMﬁkiZeﬁnmu@hrtuxhwnﬂmbden)emands thsdigh @re enbodi nent

O e B S38h EPR  BRIE o P g Bhgg Tt cont 0L
f eedback t ﬁlchﬂ]lingﬁh@mﬂfﬂ’edlﬂrd) eidinjkitbr arl3Botedtb@ shibktasembliexdre tidsedbdd e val ves
Vor e spec 11 Bty eagn [0 Pri ot Pdbed f-ogare s S RodT s SHE T ¢ prossure
chemi cal vapRripteR0sivhich fre syFit &M MEdrPFARd BEGH bR Caltbleinz2 /Thé Boaad regidD
136 is placed at one end of the muffle 140, and at the opposite end of the muffle is the
unload region 156. To deposit films on the surface of a wafer, the load region 136 is
20  configured to receive wafers or semiconductor circuits for processing. Typically, an
automatic load mechanism (not shown) is employed to place the wafers into the load
region 136 of the muffle 140. Wafers are conveyed through the muffle 140 by the
transport means. The wafers pass through the muffle 140 and one or more deposition
chambers 141 contained therein where the wafers are processed. The wafers then exit
25  the muffle 140 through the unload region 156.
One embodiment of the present invention as shown in Figure 2 provides an
exhaust control feedback system including pressure transducers 116, 142, 162 that
provide feedback to valve controllers 114, 130, 150 that control throttle valves 112,
132, 152 on the main 118, load 134, and unload 154 exhaust lines. More specifically,

30  asillustrated in Figure 2, an atmospheric pressure chemical vapor deposition system



100 includes a first throttle valve 112 controlled via a dynam c feedback
signal from a first valve controller 114 that receives input froma first
pressure wopanskseer 116 sensing the nmuffle differential mpcagsor/ersfizomthe
center position 121 of the bypass exhaust nmanifold 120 of the nuffle 140
to the anbient chase room 124. The fikst 5 throttle, valve 112 preferably
includes a fast notor to facilitate rapid flow rate adj ustnents and is

heated to reduc 0 r and deposj.tion prod accupul.ation. within the
Vaive. The firEduRpIEn dBRte SRS eonb iRl et S e e SRRt o 't ne
first throf filsevahal coatrdile? 11Hthevdelveb inpiefrdah Qfﬁﬂ@%sémﬁdﬂdﬁcbﬁllmf fle 140 by
regul ating exhaust flow out, of the_exhaust plenum 122 wg mai N exhaust

line 118. #nsips drireuifle dufesrafialpessn Py theqegivhPostioink2d oE eSwersy al ve

control | er xk30sthnifslds00 8ftthe kiuk 140 & ¥8MBichBehald 986 128NTRI fike val ve) in
the | oad exhaust line 134 is provided to control the pressure inside the

| oad 138 sbeetileralyt 1 i2iuelsnbliecludepa fast melepofaclipts emd flgvester enti al pressure
fromthe (ﬁé‘éilmbﬁwﬁ{d i® 9§dtéd 18 'i]ed:a Zﬁobiﬂe@zma' BPdsi oM ckéfhiafsn MeAsur ed by

a second préssure transducer dynam c feedback control signal froma
third val veitbioribe wilvee Thegigst qu& emtrglleril ¢ grovides dyramic/fgpdhacki B2hq figsl oad

throttle v %Hﬁ ntrol the
pressure i ﬂ’%ﬁéevélﬂeeﬁl?ﬁpoa@ﬁ)lg%)ﬁsect%I(I)ll?llh%& %ﬁgﬂ%n% %ﬁ%i%ﬁ%ﬁ&%uggponse to
the diff er 8awioat offhesdanseplenum! 2héa walnsabaushiier 1 [§o2i dingmicke@back t he anbi ent
chase r 6) On]:o %r %ggﬁ%ﬁl rs%g rlllaXIaﬁB%}{trroH 1p1r38§§rl“5r C(gl{dqa%ﬁ ve }%g fourth

e y a

throttle va Burth valve con regul at es
the facili ﬂayotéabtﬁus)tmﬂﬁldadrmhapustﬂ'msﬂlBtElsmm)Avdededc(nmobthblpr%hme imade exhaust

line 118 apd.t /un fee bakfroma
pressure tﬁiﬁﬁgagﬁéélsec h@thhlgs%Pnf?tgjﬂé ‘ih%aﬁenuaﬁ%egssuﬂer Tisi de the
exhaust |iwed [@bﬁﬁdsﬂﬁn'ft@thk hmbﬁﬁﬂlﬁlmtrocﬁﬂa%asrmmﬂxrwﬂyaéecﬁmeskﬁﬁ is

provi ded to evacu e CcQ ed exhaust ses 0. the facili exhaust .
e burs ey B & It B R BRS % Tl ool bl £ or oni ¢
rat her 1% haﬂ)ra thiitdWiroffe VOWEAISE Sildad rotie False)ih af) ﬁnlbﬁtBexfhalﬁ‘st lihd p543s st andar d
house |ine vacuum An additi onal ft w contr S controls the
flow of gaBW¥YGH forfiontrelihe Wﬁ&’?énséj;?ﬁiéﬁj‘g{f%&é S‘fthB’i)vofo)'gf’ Hy%éfolm Ofhert gases
exhaust ed fsgimseRahe SifdRnAA pldiQud i@ @RImtRAa MRS ?&{tlonqlﬂaﬂﬂﬁé smBie& conveyed
t hrough the two bypass vents 120 on each side of the reactor. Preferably,

the gases @e3gsqrogm ]@ﬁeﬁs ayasugrd yadhirgpressis tpasiueer18d Arfguihigrotifo gas streans
30 are conmpiiefRo chGoIRIDT UL EH0R cOtrdiiBe1 RATRINEHhIBRiIR &AL acr 0SS an

inline orifice

20  line pressure provided to both the main exhaust line 118 and the load/unload exhaust
line 176 based on feedback from a pressure transducer 184 measuring the differential
pressure inside the exhaust line relative to the ambient chase room 124. A pump 186
is provided to evacuate the combined exhaust gases to the facility exhaust. The pump
is preferably a high efficiency venturi flow air amplifier unit rather than a ring

25  compressor blower unit or the facility’s standard house line vacuum. An additional
fifth flow control system controls the flow of gases within the bypass exhaust gas
flow path 200. Inert gases exhausted from each side of the process chamber or
chambets are conveyed through the two bypass vents 120 on each side of the reactor.

Preferably, the gases exit at one end of each of the vents 120 and the two gas streams

30 are combined. The pressure drop of the combined gas stream across an inline orifice



WO 03/018860 PCT/ US02/27372 -11 190 is neasured by pressure transducer
192. The pressure neasurenent is sent to a fifth valve controller 194 that
responsi vabysadisests a fifth throttle valve 196 (bypass exiasez2Bmottle
valve) to maintain a certain flowrate which is correlated to the pressure
drop with conpensation for tenperat atle variation. 5 The present invention

i ncor porates sophi sti cat ed pressure transducers having anti-vibration

nount i ngs rec s era COMrals to accuratel re snall

it rer onti a0 PBESRELY BIREREbREC DR Jn8 et S RoS B P ST b 0T oo
col umm) at fffh valessohtidler mzlerﬁsuxre@oﬂs‘lvea;p@ijM| arf&tledh;otﬂe ailveol9p ligpassand t o

provi de contr ol nal.s to the, throttle valves that co d appropriate
reactions Fﬁaﬁifrhf%ﬁ%&ali’fr%é"ﬂ?@&%?&erkra’r"gloa‘fra y/hio ﬁcgﬁ?}ﬂwwg%ure transducers

are avai | apleSsufQnERF&h adlﬁpénidt@mforftaﬁpmgpé@nMﬁS | nstrument s (Sant a dara,
CA). The pressure control apparatus is substanti al I%/r % ifferent in this
APCVD appl i cat .Hﬁpree%rﬁ%crn PHEPYRES BRI e PETSEHE Famsdpsesiedie absol ut e

| evel near ot fBblaBEmb@ithes arddRetideQermiitin® borthdes tlaraees:wag nc@sikdgndr der  of
0.02 torr absolute as in prior art vacuum CVD s ns. Controlling pressure

to within éﬁfetsstwarsséw%@néhwdﬂdrf apqug 9.0¢ fam (%bara{‘b%”ﬁﬁa%wmen)@@&n torr and
preferabl y bl 2E&REE b A@pramﬁﬁaqu&%ﬁer@ﬁn@e REXdBhEbiRaR@D@et Or 1 s
substantially nore difficult at an absolute pressure of approximately 1

at nospher ethrdifgvaliyed érat mmm aporeRTiete erastiong fo mmiralae His Preshe rfmaéwmevr ation in
the r apge g&chﬁ?&&@éﬁﬁ%ﬁ&ﬂe}’s aQe 9&9%?1& Qgrﬁmérgiaﬁ’y 991'}1 QE{anﬂ | arger
relative error and thus nore easily neasured correct e f necessary 20
Bot h t he rbsponss Sante Chia, (. fThe Bnessnmon@@@pmamm sulastmhtlalm rd 162 pressure
t ransducer j | f.0 ). [ i de feedback
cont ol oi sftaingl® aPLIRRpplibiob (oblER Bl e Sy P AN’ (2,

Tr ansducer aliselspdersbnaar 761)/terragimgharttb nmsroil the plessuratoghbe mfdexacpfrﬂr()@xbmt ely 0.2
seconds to 5 ng sagconds C@ é?ﬁs ans 1gucerregsu rovi. gmg nby VKS

| nst r ument &° 'Y &4 J?ru e R ouof REFRPISSWIE R B B pect to
interndd reasporseotofiies tmdpﬁmnmmteiy 0 a@gﬁﬁ.and\bteﬁmtﬂjz vt [synsitiaity tqpr essur e

bressur e SRR AL QTS TREEY 0 402 s By GBI ANI T ERB IR S AR B esent
i nvention pﬂé@u&@f@ﬁﬁ@dmhﬁly 1haﬁes@eﬁymmnaerrvaaglm &dndidipps X iwvihahy 0.1 torr

or 0.05" H20 ponse or
absolute ({ewatlon in the range of approximately 0.0002 torr to 0.001 torrisamuch |

larger relative error and thus more easily measured and corrected if necessary.

20 Both the response time of the first 116, second 142, and third 162 pressure
transducers, and the signal filter time are adjusted to provide feedback control signals
to the throttle valve controllers 114, 130, 150. Transducer response or averaging
times in the range of approximately 0.2 seconds to 3.5 seconds are preferred.
Transducers provided by MKS Instruments meet the requirements laid out herein with

25  respect to internal response times and dynamic ranges. Alternatively, any pressure
transducer meeting the described specifications may also be used. The pressure
transducers used in the system and method of the present invention are selected to
have a dynamic range of approximately 0.1 torr or 0.05” H2O. A response or
averaging time of approximately 0.4 seconds and a range of approximately 0.1 torr is

30  preferred for the first transducer 116, the second transducer 142, and the third



averaging tine of approximately 0.4 seconds and a range of approxi mately
0.1 torn is 30 preferred for the first transducer 116, the second
transducewob4@188end the third WO 03/018860 PCT/ US02/ 27372 PCTAROY/2BMSdUCEr
162 for measuring the pressure differentials between the bypass center,

| oad, and unl oad sections of the nuff2te and the anbi ent chase room 124.
Appropriate Proportional -lIntegral -Derivative (PID) control settings for the

valve control]ers 4, 130, 150 are d suc t hat the val ves can respond
Vo sl | sifentchriod K adian e S fetih o HESUPUBIPST Bt 0. 001 Tor

(about 0. 008&; addA@lsudlsesihs ofmmnaﬂlean@ﬂ@faﬁfb@h{%amo&hqzmr der of
approxi mately 0,0002 Torr ipébout 0.0001" H2O <colum) to maintain a desired
set point ANPRTPRIAL PrgpertienabimeaialiResivaig (REPXonriTe) seilingsder tho¥slvat i on of a

simlar orggolllasyy, esh, nsrsarelasem@c}ﬁﬁ% vtk 4R xeéﬂan@tofs%atufbﬁffts@ﬁ eferred
embodi ment _of the present invention, él_pressure O differential signal

fromthe f9iffetentnl B%Weeoqth%?@ﬁﬁﬁf@bo%%)oﬂ op 42hoat0. Q953 HePgakimm) condi t i oner
170 prior fg gt Pﬁféﬂm ¥th€BrdbLoftaBfrokintatdly ¥ BboLTaPAbER D B0 H The signal
condi tioner 170 |ter's data from pressure transducer 116 by ‘averagi ng the
dat a over ®@lumppdearingat i dagirest set porat wlmhélrswlgn@quslmnmmmoméxe peegeragi ng time
is prefer [ to 10 seconds. As

di scusseda\?rlﬁlxgerfﬂe%f{&ésr (fgt%gile ﬁgﬁ reﬁms ?ﬁ@gsk%{ol%s have found that a
signal conditi dnerfuramepra@rrn@embmw omhptpm:mmve:ht;pnsthesmswms provi des the

best PRI f Ofi H@rggt%.l :srgnef} fr\é\g‘l t%%ﬁlgtpé %{1@ tlsa¥§d;uger lrl)%? gseg to 31 ?NL us, | nc. AN

addi ti onal esent TRvVenti on & milar  si gnal
condi ti onexosdmaﬂ@raﬁ@pﬁcMo bongdehictered tmhe Aest cmvtﬁcohtrolﬂnrﬂhe Blecigmel and third

pressure tran: duc or to t ered to the
second (| oaaﬁl% g?@ﬁ 93 %unlpre?i %ﬁs‘héce{:gﬁ?yo VP%? g?“ﬁfi %o,
respecti vqirysetlsaﬁodbfamé Hmam&ﬁb’ﬁeramdagmgﬁﬁdﬁs ;Jﬂﬁmabwlthadﬂieessed t he
desirabilit a sel ect e‘gscrd sure v ﬁtbwi hi n the process

mai.n
chanber by rcﬁflaﬂi’jo’flﬁlé t888§§°°89<5n é”sg}?aéer a process

chambers i smuts@sls hdve G i §M§1ﬁaﬂ! arsndmdm@mm@m@hﬁaesoﬁﬁﬁ&lﬁﬁ%lymt hod of the
present invention jn pheric pressure 25 waf processing systens is

S
subst ant i aPf3pd HP]PT”@F%%? SsheFriognencs it 1J-1oR8 A6 plv@r SYé‘FIFl Proyigiddch. The
present i yYSVILITN) I, QM AB%iohd emBb @b MO R Prétht ifenN&I ProSit® dimiMressur e

signal conditioners 171 and 172 to condition the data from the second and third
pressure transducers 142 and 162 prior to their being delivered to the second (load)
20  and third (unload) valve controllers 130 and 150, respectively.

Prior art APCVD systems and methods have not addressed the desirability of
maintaining a selected pressure value within the process chamber by varying the
process exhaust. Pressure control of a process chamber is used in vacuum systems,
however the system and method of the present invention in atmospheric pressure

25  wafer processing systems is substantially different and contrary to the prior art
approach. The present invention provides for precise control of very small pressure
differentials at approximately atmospheric absolute pressure in an open system
instead of a closed sealed system such as, for instance a vacuum system. Specific
tuning of pressure sensors and the control feedback signal to the throttle valve

30  response provides a substantial improvement in pressure stability inside the system.



differentials at approxi mately atnospheric absolute pressure in an open
system instead of a closed seal ed system such as, for instance a vacuum
system SpewoBMisseo t uni ng of pressure sensors and the cont Polr/tiSexeizark
signal to the throttle valve 30 response provides a substantial inprovenent
in pressure stability inside the sysi3em WD 03/018860 PCT/US02/27372 -13
The system of the present invention is capable of quickly adjusting to very

small  shifts i ressure such as .occur en.the. portal doors open and when
waf ers pas slthetsﬁﬁqgﬁﬁﬁﬁ’? II?EGS?‘FEWF’@.‘O“&W@? &‘i“&"k& adipsting fo yry of process
exhaust conhifglin plssurd bl ad ot vheb tHRPHSITBs@pel hWWwiBRAGEFESpRAT across an
orifice or_other i runment positioned inside the process chem cal exhaust

i ns
| i ne that mg]bg@d’ﬁ’gh?'oul ed with deposition by- products and powder over

time, the preseadnthfue Blibioft REBYdsGProdess ¥olaascaMeb MRE RBPupoh@r col | ecting
pressure neasurenents externally to the process chem cal exhaust |ine that

are t het ef JPEURSY Tloyppetrement gagesanorigee o thsr instramentpaeitionedénsidec| oggi ng.

Thus, 10 iRe hRRess ¥AdneiEAIRRChuSBIR At Rfy bRSHRTEIE Mvith BYRGkbORy- t he process
exhaust control is stable over |onger production run tings. Additionally,
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N bed ; , . 1 b s hereb
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incorporated by reference. e use eaning orifices generally
i ncor por at hatres/ihergfosendtsubjpeito dapesitiun bytmaductsi aghpowdersicgiing. Bves time 15 or
fromupit ; | (o] r t _ihvwention allows
for a msub%’?%#&%%?ll%@&gg%ﬁo?gﬂﬁ? ﬂ:g %ngﬁ%%nb{hg%%ggsggﬁ%a%gtccgh%gg aust line
downst r eanstabile evgelonggrpratuctidran pmey i Alktidnaky, uiat arbgyetsthgveottilizedor oved
oper ati onal repeat abi.l.i t fLer st e LAt enanc iaplified

mai nt enan?deseg)fre%e@gﬁggrelg.ce %(lﬁﬁﬁgs ?rséen‘l‘t%%cnﬁj%({qﬁlﬁggggts‘?nﬁ?%?flgg’c}ég’tt ings to obtain

consi st entdigimoress whadus haelgrindonmratad B refbdnes. Waile weifid)wei-cikaging0 required
in prior art.system.and net hods.. Th tem and nethod of the present

| vent Con RSP EHLE Begp R iregais RS HF PROP R S BF TR pr csent

i nvention drsropt enli td@ditb¥hd dyetemitn® MBthod of £ FRAAS advebniilokvherRr essur e

control system]j esponse .o mnor_changes in input flow. The system and
met hod of Sflf%séa‘ﬁ‘ﬂﬁ%{?ﬁlf'%gﬂt\fé%’%‘iyéFPCF%ﬁ(:‘Pf‘élaﬁ Sxhaygt i slownsireannoa fhet

system that provides the dual benefits of improved operational repeatability after
system maintenance and simplified maintenance procedures. Adjustments to process
recipe settings to obtain consistent process results on the wafer after maintenance are

20  required in prior art system and methods. The system and method of the present
invention avoids these difficulties.

A further advantage of the present invention is provided by the automatic
compensation of the pressure control system in response to minor changes in input
flow. The system and method of the present invention increases the process exhaust

25  flow when more gas is injected into the process chambers and decreases the process
exhaust flow when less gas is injected into the process chambers. Thus in the system
and method of the present invention, fluctuations in facility gas supply pressure or
variations in flow controllers, including changes in process or recipe settings are
much less likely to cause under-exhausting of the process gas and potential loss of

30  chemical containment in the open atmospheric pressure system. Due to the pressure
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(he ober L gl sy s BTt Gal L 20, LTS B e Tom otr
reactor are eStIﬁbh& ahedirddént Sfﬁ@pﬁé@éﬁt 1n-591ﬁ10ﬁra31€&$o$1 icpiddided @is i nclude the
desired i nt?a']'ancglaﬁotfhl Oevilar«resasalgg ar];dogras tﬂgv%s }/naarnI a?liijgsplrae?n%cgrles\élie %ﬂgmllcglgrglt)orgas es for
t he
deposition system. One embodiment of the operational procedure is schematically
20  illustrated by the flow chart shown in Figure 3. First, the initial process recipe
conditions for the reactor are established at step 202. The process conditions include
the desired input gas flow rates for the various reactive and inert gases for the
particular type of film to be deposited on the wafer surface. For example, the process
conditions might include the input flow rates of gases from injector ports within the
25  injectors 148 in the process chambers 141 within the muffle 140. These flow rate
values will be selected based on achieving desirable uniformity of the gas flow about
the wafer and delivery of reacting chemicals to the wafer. Flow rates of inert gases
though shield bodies 149 within the chambers 141 may also be specified.
Additionally, the flow rate of the chamber process exhaust may be selected for

30  chemical containment and particle defect control. The bypass exhaust flow rate may



particular type of filmto be deposited on the wafer surface. For exanple,
the process conditions mght include the input flow rates of gases from
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exanpl e approxi mately EO, for operational control at step 203. At step
204, the civsFbipal sRmiEl atstapi203uit Stop204p theshumber pxhapgalonpad2and conpared to
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desired val ue for e.c er exhaust | enum 122 pressure. The typical
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first throttle valve 112 _to adjust the gas_flowthroug{l the main process
exhaust | & B2 piessitRg TRy pigelioneratas! Spintnek 6P pgedtasy 207, the position
of thest i rpbrokhALY bR LS td b 156 HRASH i hayset poi nt of
the fourt ha%@ral ve c%nt roll ezf@ tgL,Sg) \Bl-\ﬁi W%ﬁ&&sg@?lﬁ&?gﬁ%&ﬁm}z lt}iﬁh;rsot tle vale
180 i s adjapsesed dasesthe firgethtdiide Yadesi 112 tyadjnsy thegrefow theoughdlbameid by the fourth

process exhaust line 118, as indicated in step 206.
Next, in step 207, the position of the first throttle valve 112 is measured. In
step 208, the setpoint of the fourth valve controller 182 which controls the fourth
20  throttle vale 180 is adjusted to change the facility line pressure measured by the fourth
pressure transducer 184 so that the first throttle valve 112 position moves within the
range of approximately 25° to 35° for proper operational control. With the
appropriate setting in place for the bypass center pressure differential 5P 116, the
pressure differentials 6P, 142 and 3P3 162 between the inner load and inner unload
25  regions of the muffle and the chase ambient pressure are measured in step 209.
In step 210, the pressure difference between 8P, 142 and 8Pz 162 is reduced to
approximately 0.0010” H,O by adjusting any one, or a combination of the following:
the orifice size in the load exhaust gas path 134 or the unload exhaust gas path 154,
the load outer, center, or inner curtains, and the unload outer, center, or inner curtains.

30 As shown in this illustrative embodiment, the adjusted gas flow path may include gas



pressure transducer 184 so that the first throttle valve 112 position noves
within the range of approximtely 25 to 35 for proper operational control.
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contr ol temls Ieft ize or started for process operation
in stepl)(})21jéslf136 s 157 B ?tgtepgggt?éﬁﬂ?‘gamﬁ?ssé}f’ 1992 for a new process
condition. EXPERI MENTAL Various aspects of the system and nethod of the
present invention have been tested as shown with reference to Figures 4 to
13. A nunber of experinents wer EXPERMENTQQ according the nethod and system
of the present invention. ftQese er| ments are intended for illustration

pur poses only, %ﬂﬁ’uﬁ?@eﬁﬁ? ﬁfyéWH‘e@(S‘ sthadipf the presppfdnveatiprshaye bese pr esent

invention feficddkyshvay withirefdfeB 1 Figlre8 430103V A RBmb&IHlekSerifen® wegel i €S Of tests
using different transducers. The 223B transducers are |like those used in

the prior @nfucisraceoripmedag mether and systam ofthe piesenkivemions The80. The parti cul ar

223B experiments are intended for illustration purposes only, and are not intended to limit

15 the scope of the present invention in any way. Figures 4 to 8 show the results of a
series of tests using different transducers. The 223B transducers are like those used in
the prior art system disclosed in U.S. Patent No. 6,143,080. The particular 223B
sensors used for the new small pressure differential applications of the present
invention have a dynamic pressure measurement range of approximately £0.1” H,O

20 (0.4 torr) rather than 0 to 2 H,O (approximately 0 to 4 Torr) with an accuracy of
approximately £ 0.001” H,O (% 0.002 torr). In contrast, the 120A and 698A
transducers are temperature controlled, vibration mounted sensors that have improved
accuracy of approximately + 0.00005” H,O (£ 0.0001 torr). The 698A transducers
have the added feature of a user-selectable response time between approximately

25 0.025and 0.4 seconds. The 120A transducer was then modified to have the optimum
response time of approximately 0.4 seconds for use in the system and method of the

present invention.
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operated as in the preSent invention - pressure transducer feedback is
used t & cofiffesntial eriaydky gy,}péi@f@ﬁ) the mean pressure differential between the muffle

and ambient pressure. In the first, “Auto,” test the system was operated as in the
present invention — pressure transducer feedback is used to control the designated
valve. The system is operated with no major perturbation events. In the second,
“Fixed,” test the automatic feedback control of the designated valve is disabled and

20  the exhaust flow rate is fixed to simulate operation of the system as taught in the prior
art. Again, no major system perturbations occurred during the 15 minute test. The
“Auto/Door” and “Fixed/Door” tests correspond in system operation to the first two
tests, respectively. However, in these final two tests, the portal door is opened (as if
to load or unload wafer cassettes) during the 15 minute test period. As Figure 4

25  shows, when the portal doors are unopened, the fixed and auto valve settings results in
similar pressure perturbations in the muffle. However, opening of the portal door
generated large pressure perturbations under fixed throttle valve conditions relative to
the automatic feedback control mode of the present invention. The fixed case is

similar to the prior art control method of maintaining a constant load and unload
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Example 3
Figure 6 shows experimental data illustrating the resulting on-wafer thickness

uniformity performance for the three different types of pressure sensors according to
 the present invention. A series of 24 wafers were processed in each of three

experimental cases in Which one 689A transducer, one 120A transducer, and one

20  223B transducer as described above were rotated between the bypass center
measurement and the load and unload region differential pressure measurements.
Within wafer thickness uniformity (illustrated in the bottom two sets of three traces)
did not vary much between the three process conditions (measured by both standard
deviation as a percentage of the mean thickness and the range uniformity defined as =+

25  (maximum — minimum)/(2xmean)). However, wafer to wafer thickness variability as

quantified by (max — min)/(2xmean) for the average thickness of each wafer was
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appr oxiomatppoxinA€¢ o8etwnddxanpl e 5 Fi gure 8 shows the effect of t he
response tinme of the pressure sensor on the nmeasured pressure stability
inside the nmuffle. As in the previous exarrpl es, use of the 698A pressure
transducer for the first throttleBxanple5112 and 120A pressure transducers

modified to al %“%u?@gl&o%srtfesé?ﬁ@tﬁﬁtﬁe r@gﬁof?sfe tﬁlr%f% ﬂ?@stsﬁxlééel%or onstﬁé;onds for

measured pressure stability inside the muffle. As in the previous examples, use of the
698A pressure transducer for the first throttle valve 112 and 120A pressure
transducers modified to also have a response time of approximately 0.4 seconds for
15  the second (load) and third (unload) valves 132, 152 substantially reduced the
pressure variation in the muffle in all three locations over the experimental run of and
two hours that included cycling of the portal doors and deposition processing of 24

wafers.

Example 6
Figures 9A and 9B show experimental pressure differential data between the

20  load 136 and unload 156 regions of the muffle 140 according to the present invention.
Figure 9A 1is a scatter plot of pressure differentials for a system operated to mimic a
prior art system. The load exhaust rate is fixed with the unload exhaust automatically
controlled to maintain constant flow. The data in Figure 9B are from a similar test
with the load exhaust controlled dynamically based on differential pressure transducer

25 readings between the load and unload regions of the muffle. In each test, the portal
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based upon O%aeg‘f%’ %‘6"% ?fﬁﬁ g’ﬁ ﬁOIF$l8?8’fWPS§1Wa Eassgg}l%onftgglﬂ’ﬁ‘g& produces a
much nor e will@kdldefeastialgRasine iedbik @Gt S apﬁ@hlnhcﬁ}e ktable bl ¢oskthte ( Fi gure 10B)
according to the stema t hod of the sent invention anple 8

Fi gures 11ACHMGP B&FZE ﬂ,pgégctcgrdgqgrﬁ) ﬁ’ﬁrsyﬁt?inf‘ ”s“@th%%tﬁ*(bed above
in Exanpllﬁeszntlh‘mﬁﬁ&ad of a step function perturbation in the external
pressure at the

Example 8
Figures 11A and 11B show data from tests similar o those described above in

Example 7. Instead of a step function perturbation in the external pressure at the

15  unload end of the muffle, a sinusoidally varying external pressure wave was provided.
As with the step function perturbation discussed in Example 7, this produced a
variation of about 0.0020” H,O as shown in Figure 11A. As in the preceding
examples, pressure transducer automatic control of the unload region exhaust valve
based upon load to unload differential pressure feedback produces a much more stable

20  and constant pressure profile in the muffle as shown in Figure 11B.

Example 9
Figure 12 shows on-wafer process results comparison for prior art constant

flow control load exhaust versus load-to-unload muffle differential pressure feedback
control under conditions similar to the pressure measurements made in Example 6
(Figures 9A and 9B). The deposited film thickness and uniformity data are plotted

25  similarly to the data in Figure 6. The upper pair of lines show that the wafer-to-wafer



15 unl oad end of the nmuffle, a sinusoidally varying external pressure wave
was provided. As with the step function perturbation discussed in Exanple
7, this pwodooessesm variation of about 0.0020" H20 as shomaTiusot2gore 1 1A
As in the preceding exanples, pressyre transducer automatic control of the
unl oad regi on exhaust val ve based ag'n | oad to unload differenti al
pressure feedback produces a much nore stable 20 and constant pressure

profile i1 BREnVIdld, A An LN Fuctdine (S8 IR SrEhirie 12 shove

on-waf er process r [ son riof ow contr ol
| oad ex hausmuclﬂmtnrsthdtm\axda thepnnﬂ ammbnmtmﬁtfﬂow apnfrélenctintd, edpepalsgone f eedback

control under condi t.i |m ap tag the Rressure asyrenpnt s de in
Exanpl e 6 O &glé I d%)as{h‘?ﬁé]@é‘ﬁ SRS “falsﬁegest hi ¢ eénswgtrrgl’rrg uniformty
data are pﬂﬁ)dkh&ﬁ uﬁﬁ"oni'hﬂmab plottyd in@hd hratothatva paits & liges 8 nbt sublktentiafiper pair of

i nes sgow I%at t he wafer-to-wafer WD 03/018860 PCT/US02/27372 -21

t hi cknes AESEREabi | i ty under pressure control according to the present
invention is nuch better than with the prior art constant flow control

met hod, especially upon opening af,tbe heft portal door as though to
access wafer cassettes. The within-waier thickness uniformty as plotted
in the bottom tle fyaher sxpsrimeniqbexamplen e sytdrs endrinethed of the presonkr ent . Exanpl e

10 In a fu'ﬁmﬁ{og%%&amgﬁa@éd RXATRh smcésbaepuﬁ%@ e@mnrﬁ@ﬁlggewpﬁsdohe present

i nvention were denonstrated for actual process ep05| tio eration using a
W- 1500 Myfufflepnorided ketiSy m@miaﬁﬁHWlthﬁleaﬂrﬂS@ue oantol syisemmtdessure control
syst em of t invention. 10 As illustrated in Figure 1, process
exhaust fr%ggelltg’?]g%g)gs chanbers feeds through 8 chanber toroidal orifices
into al@" di aneAeﬂlusitmdbeFlgmlamxceqsle&mmfroﬁh\éprocmmmnbdrsofe@deal orifices

are designed t he tof.a th an exit side
of each ch u@ﬁg g r)zéoﬁglfialaorgltcesanﬁtoeaq%é#lan%qtegw raetlg-,e)?heagljga1 3@5%(})11? how rmuch

deposi ti onclizynbpr mhmzﬂ ofified efe deeignedLLb aqtfaﬂy divide tmwmakﬂowx@ma&htrﬁw& oundi ng

fe?g\r/]v :’gt ghea)ng&e c?ijeaal Jhgnei o 1é Q gust[ebi atg'n equa t & e r%gaar ess of%)éyv%usc h plenum The

deposition by-product powder accumulates. The bypass exhaust surrounding each

15  chamber also feeds into the 4” diameter chamber exhaust plenum. The flow rate
exiting the process muffle via the bypass exhaust is controlled to be constant by
temperature-compensated correlation to the pressure drop across a selectable size in-
line orifice. Preferably, only inert chamber curtain N, flange purge N, vent shield
bypass N, and load and unload curtain N, should enter the bypass exhaust line, so no

20  powder accumulation should impact the flow versus pressure correlation. Both the
chamber process exhaust and the bypass exhaust flow together downstream, possibly
through a powder trap, through the first throttle valve 112. The first throttle valve 112
adjusts to maintain a constant pressure differential between the internal process
chamber section of the muffle and the ambient chase room, as measured by

25  8Pj(bypass center — chase). Thus, there is some automatic compensation for any shift
in the input gas flow. If the gas cabinet N, pressure increases above 40 psig, as might
happen if some other facility use of N is shut off, then the increased flow through the

rotameters to the N shields, floor purge, flange purge and curtains will increase the



exiting the process nuffle via the bypass exhaust is controlled to be
constant by tenperature-conpensated correlation to the pressure drop
across a welogotsshi e size in- line orifice. Preferably, onlpgTiusert73chanber
curtain N2, flange purge N2, vent sh%I d bypass N2, and | oad and unl oad
curtain N2 should enter the bypass eXhaust |line, so no 20 powder

accunul ati on should inpact the flow versus pressure correl ation. Both the
chanber pr J: ownst r eam
possi bly ?I%rg %ﬁrge%g&g(ﬁ; aﬂg tréﬂé:f):inprx §§n %({EE%%%P(%&Q/’[ %ar ¢He ﬁ\f% ve 112. The
first thr otﬂlt@tla/\mﬂwpdlzmoma,dhmn@eamgn’m exhaishamsl Iﬁ@ﬁl'ﬁiﬁhé dgiredsur e

differenti t intern ctlon of, the muffl e and
t he anbi en?étp(ﬁﬁé)\epgs?%%nlﬁ grglgﬂ e[fé%ﬁrrs %@m%@ ‘?gveég?%ﬁl%’ WERLEF iMeAiase) . Thus,
there is sMrc&a&s&Mﬁmbmaﬂmmﬁﬁm taflywakpdwder htutditdsnput gas fl ow.

If the cabl e in ove 40 m ght happen if
some ot ?‘e%tvi\%gﬁﬁr ?[ISG ﬁe?‘@‘ %I?Ofw %t ?FéWnFlﬁ‘g %b%a%mr | ow t hr ough
the rot anﬁheraﬁumhg)thé b@lé\ﬁcﬁhﬂe@vd&mé 45011 3 ia@RenahdeAB@BreRieh8gorand curtains
wil | |ncre sethEV\EOIO 8865 g 802/27372 -22 pressure inside the
muffle. 6PT9HRE A48 @héﬁiﬁi"r Yrebwasy) fehd Ffodﬁgveoé’a‘ilﬁétlaﬂ& firfdhioftlest  throttle
val ve 112 v Retially Bloflyl dsuifaseEnd Rene xiaibet plafich 151%§shférlb ﬁﬂreta&a desired
set poi nt pressure. Normally, the first throttle valve 112 wll slowy open

over time H&°C nopewdsceumlationaerticty the 8o dupyahdhabmassrexbiust hnﬂeThfo flow as
powder jac ChprashRtsBfsingdink$ o @pgé%teﬁgr ﬁ‘lhﬂl%t;mltt by Pt l:l%hé/ Alo¥iPark Ggluces the

powder accunul ation on the danper, thus reducing the angle I ncrease over
tinme as weHfecigd bbfﬂPY‘i@"éﬁ‘éFﬁﬁléﬂafﬂé&lﬁP lesneshogldfbs mo reduetioni in grocTsexhaust h t hrot t | e
val ve (bypﬂﬁ))vér?lﬁ%%x;s%dﬁ%ﬁﬁm%oﬁgﬁk %ﬁ%thto@se f@r&%gs e&ﬁ'&[ug{ donfiol ¥lge, normal I'y
slowy closing over tine as the i sure 1s 1 ncreased since
no powder %@é@hﬂﬂoal’@labw¢feﬂsqsﬁur@til@ptt¢lﬂowIaclmﬁStameIfw_tphnmgehdn}lpaes exhaust |ine.
The 10 pr t WA and the
chase roo?n%zlthgletﬂ%?da %‘Jt&%ecgtugg&lﬁ%re %&e?ttgggotﬁfu a an i OVeétlfnﬁ P%EShoul d be no
reductidon pqwdpr mwssla’emhgla&stdepcﬁshtmn, mdenechhmoadiemﬂsn (tcammgwatr . Prior

met hods of | ﬁggec%%hg)ust control relied wupon the correlation of pressure
drop to f1'OW2across a 88l f - cl ean ng chanber or venturi toroidal orifice,
but both were Slihbjledtnd mlwlcnxhiusyhmhe&sgﬁs ﬂm@dsceﬁsjdsmaldumlet o 15 powder

accumul at I&%)Wnstgela?‘nsgf tﬁi @rststhrto!rt% Valve groge%g Da n C%Le tota& howt oug %ad ar and

and unload exhaust line varies because the second and third (load and unload) throttle

20  valves act to control the pressure in the load and unload sections of the process
muffle. The second (load) throttle valve opens and closes to maintain a constant
pressure differential between the internal load section of the muffle and the ambient
chase room, as measured by the 8P, (inner load — chase). Intrusion of higher clean
room pressure upon opening either portal door and wafer loading cause the inner load

25  pressure to vary, so this method of control compensates for those changes to better
maintain a constant muffle pressure balance. The third (unload) throttle valve opens
and closes to maintain a constant pressure differential between the internal unload
section of the muffle and the ambient chase room, as measured by the 8P; (inner
unload — chase). Intrusion of higher clean room pressure upon opening either portal

30 door and wafer loading also cause the inner unload pressure to vary, so this method of



using inperfect seals). The | oad and unl oad exhaust line tees into the
process exhaust |line downstreamof the first throttle valve (process
val ve). TWe oBoisbo f| ow t hrough the | oad and unl oad exhau®CTIUSnB2M22 | es
because the second and third (I oad gﬂp unl oad) throttle 20 valves act to
control the pressure in the load and~unl oad sections of the process
muffl e. The second (load) throttle val ve opens and closes to maintain a

constant  RBSEsIWoRpsshEefeRbiAlhaRet Wee et B%niaﬂ{dae@)gﬁ%lﬁ'g&%gg%ﬁ%%leon of the

muf fl e and the anbient chase room as neasure rnner |oad -
chase) . | nthalfgso Fagfmeipifhisttleciabgnare paashopbatls thaled apdmlopbahmit ei t her port al
door and vwafL%. | 9a8k ' SRl re to vary, so this
met hod of conp_?rgﬂﬁcoﬁ%gﬁ%gt&ggf gfrﬂe{I}’I[lﬂjlegsuéfé @%gﬁ%'esspgingﬁ@%eé{lpéf)r mai ntain a
const ant mhfliittongreced shermeuffe Hiffsrmtial Pinessirbs maly et omeljshédwih 4 ignatal ve opens

and cl oses Al I n essure differential between the

i nter ngTs ucr?%‘glggﬁé rrs%) gﬁ#gﬁy g\f%'?“ Logi' Fﬁ)&ffhﬁ%mg%%e nteﬁéesgf’%ingﬁtver&%ea‘éaﬁeﬁ g?fm as
measur ed e téngroBes s¢ thamaves cankaspehd-to sinals pressuterthangss eithaft féliogher cl ean room
pressure uypen opening either portal 30 door and wafer |oading also cause

t he i nner 'unl'oad pressure to vary, so this nethod of WO 03/018860

PCT/ US02/ 27372 The 28iltpathansdt linoppasnsatitvd wothd dsat chasa@Rm fréssiet t er

mai ntain a_constant nuffle. pressur al ance. Fast notor throttle val ves
are used fl%?enﬁ%({%W%ea%gﬁhﬁﬁcfﬁ%ﬁﬁ‘gé‘&{) ‘ﬁ&‘?ﬁ’gtﬁlﬂausqa}}nﬁé@s ¥? the RFIcESSconpensat i on
of Muffl e qehasslifee Thb &t Shro@le ARk just ddvaksirfieh Sifthe 1ORMIeIskaBYJog Of the
muffle differential pressures may be acconplished with a signal 5

condi t i on&UYSEAR MaBEH coRslant Ak cxbaval lime prisHEe. glisdputetragnaly aver age

val ues f orthustReeiGeuNAtEsathd WIS 56@syishieh Sdhiee Bromafy FRARPRM LS TRl erPr ESSUr €
changes wi i hout follow ng noise. The facility exhaust |ine pressure

rel ative tBCMHEOMNIIRIAR Bt Sdep sERIYToasehe syfiansie awdell afowst fdam of wher e
the | oad gngseusHdoad gfX RAUSLprd rABmEEES the R RMIAR c REAES Sare %8u§éq't%95t line.

The fourth throttle val ve just downstream of the pressure sensing port

adj ustls t dhaspeeifiaprhapst iohgtomstry tawininizy thextes (5P ) and charlss pleeumThe fourth
throttle AU r.1solates .the W- 1500 system exhaust from any
facility \sf’gésulgrggé&gén’bagyemgﬁs {Ofr ?Pg?ﬁ lflg\r’lgo,peggr ﬁ?c@ﬁt occur when exhaust from
ot her systens iAsconiploegidapnsition mhfof appeximately 130 hours was completed in the

system described above in which valve positions for the first, second, and third
throttle valves and pressure transducer measurements in the bypass center, load, and

20 unload regions were collected and logged every 6 seconds. On-wafer thickness
metrics were also calculated for each of the semiconductor wafers processed during
this time. The system ran continuously for approximately 120 hours before
significant degradation in the wafer film thickness uniformity was detected. Figure
13 illustrates the ability of the exhaust control system and method of the present

25  invention to regulate the muffle differential pressures over a four hour sample of the
aforementioned 130 hour run. The first (bypass center, 8P;), second (load, §P,), and
third (unload, 5P;) muffle differential pressures relative to the chase ambient pressure
are plotted after 3-second moving average signal processing occurred in the signal
conditioner. The movement of the first (process), second (load), and third (unload)

30  throttle valves to control those muffle differential pressures via the respective pressure



phase | ead and gai n val ues programed on the fourth valve controller are
adj usted for 15 the specific exhaust |ine geonetry to mnimze the nuffle
(3P1) andwohatwissso pl enum Pressure variation, as well as roTrEsspond qui ckly
to perturbations. A continuous deposj t|on run of approximately 130 hours
was conpleted in the systen1descr|5%d above in which val ve positions for
the first, second, and third throttle valves and pressure transducer

measur emntt&nhdﬁc@ﬁi@e&%&@sﬁgﬁlaf:ﬁgﬂoﬁges éé a‘?&%]'ol@e'ad T80 ﬁhk?lchg L [ @ ons were

coll ected and | ogged every 6 secon ness netrics were al so
cal cul ated (Pfﬂceséh@mnmlowh@verém@@rlil@h.lllmloﬂhmpmxsnmlmééi@%’d{zﬂhr| ng this

time. The SYSLRGhah:COMGONABAN hetuARRIRXH URbAL YalaQy bRy s before

significan egradation int ness uni ornlty was
det ect ed. }Fqsgwnevrlm.’ﬂalyllhmgmnsatoesaﬁ:ﬂiea@tgéffdcgs of the exhaust control system

and netyod of t I nvent Ie t he e differentia
pr essursgs over ﬂ% egl}‘r%iﬁg?}?t p§ocess 188 101% ﬁ%ﬁsug‘qr %F g‘ﬁéﬁ’f)}‘rolﬂg tfﬁ "Holr run. The
first (by p&gsredéntremm 161%);tatlsles:ﬁmﬁlté1’ed)aﬁta (@B 2)roceadisl the kighal (unl oad, 6P3)
nmuffl e dlffer Nt i al. essures .relative t chase anbjent pressure are
plotted af?@p n?é%ﬁg 94%&“3%@%@%%)??g%%r%HF%E€§§Wﬂﬂw8@@ﬁ PRd in the

Si gnalh godlfth ouape ﬁomTﬂiﬁpmuﬁrf&ﬂﬁdueérs tdIRclel ﬁﬁénefs@édﬁﬁ@rﬁé&ralfs fle%ﬂgdf ]g | oad), |
and thir n 30 thrott es to control thase nu e differentia
pressures %#%“?ﬁ@d@@§389iwgéfﬁ?%géﬁ?%g TSPPEEnOPrE I OsEes ez 72 - 24

tr ansdwceroxfegelebiaaﬁ:lbﬂl@hgﬁ@bsufeeﬁﬂf@a&ﬁ& ih§ide?ths ysRInPh 81 is g 1dw. T St throttle
val ve (process) opens slowy over tinme to maintain the approxi mately

0.0104" H2O pr e Shaupgighent of data shesgh e igwady. thefdamherricssunl oad)

throttle viabegsd ey 61'119 oin HZOOtﬁb Fiks® (préWebsyRirbi1Y vhiDe 5&%@@&%%? ah 0 Waf er |oading
effects. 5 Taples 1 and I'i st process operation statistics for the 4 hour

run data sHEenel9-6°n Q‘Eﬁ“@nl@d thealifitte(bypdsp sxhauss) trdtie vabwe olesed pilyt er ed dat a
(data processiyBysitilie ’ﬁieg@ﬁz{tlonﬁpﬂﬂgg{df@&ﬁf etbhidal %re%sﬁe%%gffﬁgoﬁgﬂ%/ci]fg@l average) and

Table 2 lists raw statistics base |rect out put pressure
t r ans didc erwelbwideeb 0% d/meanmfier the 8 eerdnd sigeal Gidtbing, Ex/zﬁbrout % thoetn at he dat a

snoot hi ng be Si candi t.ion the 10
overal | vacgl{eg%ﬂ{ng%sglfed% ?)l}eeu S gﬁ?rgd R AR R 4 (ﬁlﬁf’ ulqﬂlg ﬂge $ {’%f?f’iet“&% mffle is
very | ow. pré&sure N'grletthﬁ idlablomilr0% egnen] whife @i arb Qiimbenpleb@itd € 13, the
chanber pressure

variation is less than 0.5% o/mean, after signal filtering by taking the 100 second

moving average. The second (load) and third (unload) exhaust throttle valves and

20  orifice pressures vary much more due to the varying exhaust flow required to

maintain the load and unload muffle differential pressures during wafer loading.

Table 1. Statistics for 4-hours of data at 6-second intervals presented in Figure 13: 3-

second averaged

Ttem Min Mean o Max | g/Mean
Bypass Center Pressure 8P;, “ H,O | 0.0102 | 0.01038 | 0.000056 | 0.0105 | 0.54%
Load region 8P, “ H,0O 0.0093 | 0.00943 | 0.000055 | 0.0096 | 0.58%
Unload region 8P;, “ H,0 0.0087 | 0.00888 | 0.000072 | 0.0091 | 0.81%
First throttle valve position, ° 30.6 30.88 0.1001 31.2 0.32%
Second throttle valve (load) 19.7 | 25.82 1.4490 | 30.6 5.6%
position, °©




i ncreased
an additi

val ve cl owed3omsyo 0.5 in position.

differenti

the 3 second signa

the unfilt
vari ati on
vari ation

100 second noving average.

by only 0.1" H2O, the first (process) throttle valve ope
onal 0.6 in position,
The variation in the mafffuse2/273
pressures being controlled is 15 well under
filtering, or abddt 2% a/nmean as directly nea
ered pressure transducer output. The chanber plenum pre
is about 1.0% a/nean, while the average chanber pressure
is less than 0.5% a/nmean, after signal filtering by tak

The second (load) and third (unload) e

al

ned only

and the fifth (bypass exhaust) throttle

72

1.0% a/ nean after

sured by
ssure

ng the
xhaust

throttle Vahweshofid vaReididddFe Pr€384r € ﬂ'i@f y ?{@69”0 g que ﬁwﬁi varying
exhaust fllguifigguired to maintain the |oad and unloa nuffl ffierenti al
pressur es [qYEk BERIPHIEF 11,801 0. Tabbgy g Bratistices o7 hgups—of data at
- i H—S—second—ayeraged M n n
g :/giog;jl\/:e %%a}&%“‘l"?i’qu ?"i:“ : UP:' gsg; ; Q@D 7?.5.8“6!_!2 3-29_2}2@ 01 nSQif:o/f;) ( 00052/Ea
0.0105 O. :h%g?ﬁ?qsgﬁj$0¢ é]rj:quZ Nep X I--I?Q'DWRj )TS)Q’Z%O dhti®t o] d9855 420096 0. 58%
Unl oad regi @f—%‘e“a 59087 0,86888| 830000 2108600028.D. JIAT% 1 st
throttle v&¥Easition 306 30/88 0.1001 31.2 0.32M% Sedond thiottle
val ve (| oadyprassorificstemp., 9C4490 30]615. 6b6l-bosiltd44 0 68D 03/00BB60
PCT/ US02/ 2}egborificeriersp.g%bo 33, 7 t i@ t | £1A vd O(asak 0al)0416. .26, 43 . 7 14. 7%
posi tion, | Unkad ovificd fenw.. AP, " H20| 54°C20857.9. 729.634416559 0. 27614%6. 1% Unl oad
orifice APChamb@@resqur@04H,®M. 580 0, 2047 | 0.4374 [9D14% Bypass wiice AP, "
H20 - 0. 740 AvEragZ®chatmbd P HAD 672 1. 44840 [F1fdaab tflrqabel e Mahye(xﬂmpags) 27.8
28. 08 0. 10B&hpBessur. "3 posi tion] .1 ByYpasDser 1[loi@e7t €M.239¢ (koo 1] 4 0. 4964
62 0.81% Load orifice tem., C 100 1I03.0 0.5574 104 0. 54%
Table 2. Statistics for 4-hours of data presented in Figure 13: Unfiltered
Item Mean | o o/Mean
Bypass Center Pressure 8Py, “ H,O | 0.0105 | 0.000185 | 1.77%
Load region 8P, “ H,O 0.0096 | 0.000193 | 2.01%
Unload region 8Ps, “ H,O 0.0091 | 0.000171 | 1.89%
Fourth Valve Pressure, “ H,O 4.010 |0.04472 | 1.12%
The foregoing description of specific embodiments and examples of the
invention have been presented for the purpose of illustration and description, and
5 although the invention has been illustrated by certain of the preceding examples, it is
not to be construed as being limited thereby. They are not intended to be exhaustive
or to limit the invention to the precise forms disclosed, and obviously many
modifications, embodiments, and variations are possible in light of the above
teaching. It is intended that the scope of the invention encompass the generic area as
10 herein disclosed, and by the claims appended hereto and their equivalents.



Unload orifice tenp., C 56C 57.5 0.6544 59 1.14% Chanber pressure, " H20
-1.492 -1.447 0.0151 -1.393 1.04% Average chanber P. " H20 -1.469 -1.446

0. 0102 - IwWoO23/0(8860% Etch pressure, " H20 -1.279 -1.258 0P0@AK02/273289 0. 53%
Table 2. Statistics for 4-hours of data presented in Figure 13: Unfiltered
|tem Mean -(Y-a'/Mean Bypass Center26ressure 6P1, " H20 0. 0105 0.000185
1.77% Load region 6P2, " H20 0.0096 0.000193 2.01% Unload region 6P3, "
H2O 0. 0091 0.000171 1.89% Fourth Valve Pressure, " H20 4.010 0.04472 1.12%
The foregoing description of specific enbodi nents and exanpl es of the

i nvention have been presented for the I;iur pose of illustration and
description, and 5 although the in has been illustrated by certain
of the preceding exanples, it is not to be construed as being limted

t her eby. TMéwmtiackimstisi nt ended to be exhaustive or to linmt the invention
to the precise fornms disclosed, and obviously many nodifications,

enbodi nents, a vary at i . I in.light of t t eachi ng.
It is int endednl'?hat A%ﬁéfegﬁ%ﬁ%glgg Qfg?@{ iﬁkgeeﬂr‘{?? ll%gé%gtogr?ﬁgggmght{ga\%eneri c area
as 10 her eburfadé sl romeving emedorbyore brdhaudt ghsas frap peid deder serfat pcoampdisinggei r

equi val ent s. V\Qmoa%g%ﬁg%gqrg%]%o%ﬁgﬁé27372 -26 CLAIMS What is clained is:

1. A wafer processin élivering at | east one gas to a wafer
surfaceSand r enoiongoceharst psageefohathststigg gess fromrmidandflwahér surf ace,

conprising: an_atpospheri essure nuffle: 5.one.or re exhaust passages
for exhausting §asés™ Croggrﬁogfﬁig%’ac Sfyftflg;w‘épﬂ%ﬁoﬁﬁdgﬁgﬁ@ﬂgﬁanSf f eedback
syst em coupbetxhmstaschgen) kdidl Eedivadk sateth lRRBIgdhe oNAOR seXIIBUS inepsssages, sai d

f eedback system having o or.mre sensors to asure, one Qr nore pressure
di fferenti &°%" W@@gﬁgﬁtc{}ﬁgﬁﬂaﬂ%&eﬂ F‘é_ﬁatsé%f‘ep%{ggt? ROPhVIR S  nuf f le or
sai d exhaustffRas sildeshaastpadshees Ghame cRRbhBPbntiPresgY et Blkiidwate® sai d wafer
10 processing system and to adjust one or more control units to maintain one or more
desired setpoint values for said pressure differentials within said wafer processing

system.

2. The wafer processing system of Claim 1 wherein said muffle includes
a process chamber bypass center, a load, and an unload region, and said one or more
15  sensors are a first, a second, and a third pressure transducer that measure the
differential pressures inside said bypass center, load, and unload regions, respectively,

relative to the chase ambient pressure.

3. The wafer processing system of Claim 2 wherein said one or more
control units comprise:
20 a first throttle valve that meters exhaust flow from said process chamber
bypass center region in response to feedback from said first pressure transducer;
a second control unit selected from the group consisting of a throttle valve that
meters exhaust flow from said process chamber load region and a flowmeter that

meters the flow of one or more inert gases through one or more inert gas curtains into



10 processing systemand to adjust one or nore control units to maintain
one or nore desired setpoint values for said pressure differentials within
sai d waf ewopBoessssi ng system 2. The wafer processing sy®rcemsot2Brai m 1
wherein said nuffle includes a process chanber bypass center, a | oad, and
an unl oad region, and said one or note 15 sensors are a first, a second,
and a third pressure transducer that neasure the differential pressures

i nsi de said bypass center, |qad, and.unl oad regi respectively,

relative tosadfaadigger Séﬁ’i]t?io’é‘ﬁ‘ﬁ UBHt QR ??.Spoﬁﬁ%g’vé%z’?c%g?fgé@ F‘??ﬁncgyst em of
Claim?2 \Ahel_lgrggsﬁ\re%hﬂu@ga,eangr nore control units conprise: 20 a first
throttle valve that neters exhaust flow from sai d fprch}:e s‘gaiha.ggner bypass
center region ihthirdseuiedanif iwleckd diogrike grounFEsisHng ¢irad %tfee X9t r ansducer ;
a second copltQhniRt flow BbRGhRAGrddc BhhtiBer U82a¥ebicARI S dvtBetaftha throttle

val ve that neters exhaust flow from said process chanber |oad region and a
f1 owret &r migters theyBew pEonerns nfreiferd LasshBreyeh Aef & MoTe Frerifds e¥B i1 ¥gh one or
Tor e | Ner ! o8RGt AbA e RbArME DB DARR A0reBoTAL 1S0hARE T dback Fromal d | 0ad
region, sard controf unit operating in response t0 feedback fromsaid
second pr esdtnird prassmstusdecer.and a third control unit selected fromthe
group consisting of a throttle valve that neters exhaust flow fromsaid
process chanber |oad region and a flowneter that 5 neters the flow of one

or more inert ghses HRFGiRRISABIGSYTIHR 6f SaEr: MEhe COBPHENEs into  said
unl oad region, Sgify g&%&@&aneauckr BRSEALINGN] FredsBRRBASBtPbalWB@N ¢ f eedback
from said third pressure transducer. 4. The wafer processing system of
cl ai m 30f uthetieteriq ofp ficdimethapstfise prdthpehassambient prsgnice AHHY nmeasures the
pressure diifedapt &a@{yi%féo%%d Ml N SR i@ by st Ahldritba, gahaust |ine
and the chase anbi en essure, sald facility exhaust |line carrying
combi ned exhlaubiegigasofishigwsitfle;amdsai d bypass center, |oad, and unload
regions of sai d, gl hs a0y Arkoblils HIGAL bt Gnldh ¥R dAn GRNBERLS the rate
of exhaust gas now on sard Yachi y

exhaust line in response to dynamic feedback from said fourth pressure transducer.

15 5. The wafer processing system of Claim 3 further comprising:

a bypass exhaust manifold for venting gas from said muffle;

a fifth pressure transducer measuring the pressure drop across an inline orifice
in a bypass exhaust line carrying exhaust gases from said bypass exhaust manifold;
and

20 a fifth throttle valve that controls the rate of exhaust gas flow from said bypass

exhaust manifold in response to dynamic feedback from said fifth pressure transducer.

6. The wafer processing system of anyone of Claims 2, 3, 4, and 5
wherein said first, second, and third pressure transducers measure differential

pressures to within an absolute error of approximately 0.0001 torr.

25 7. The wafer processing system of Claim 6 wherein said first, second, and
third pressure transducers have an internal signal response time in the range of

approximately 0.1 to 1.0 seconds.



exhaust line in response to dynam c feedback fromsaid fourth pressure
transducer. 15 5. The wafer processing systemof Caim3 further

conpri si ryO 03@148ypass exhaust manifold for venting gas frecraso2saffle; a
fifth pressure transducer neasuring the pressure drop across an inline
orifice in a bypass exhaust |ine cat¥ying exhaust gases from said bypass
exhaust manifold; and 20 a fifth throttle valve that controls the rate of

exhaust gas flow from sai d bypass exhaust mapifold i esponse to dynam c
f eedback from sg'd fi ?Wa%FB ?ﬁS’é‘gts}‘sé‘?’i%ﬁtf@éWgW%?re*W@ Flet®PMocessi ng

system of amaanied prbsstdediaiBduders Bavehn imblalzigphigtponsemidlof dppdkimat@gond, and
third pressure transducers neasure differential pressures to within an

absol ute ePAdEcH®fs-approxi mately 0.0001 torr. 25 7. The wafer processing
systemof Claim®6 wherein said first, second, and third pressure

transducers have an internal signal res se ti in the range of
approxi mat el y 05'1 t o' PP VR P .gW%§?§%§%86”r%?W}%7372 -28 8. The

waf er psocessi gzgsiwhﬁmmﬁleﬁﬁiﬂneﬁ dehebRichedbftiote bi hbte, of $£i6 pRdsure and third
pressure transducer ave an. internal signal response tine of approxinmately
0. 4 second&angicoRRelyia dgip SPELEfgdgs éw%a cgioack & %eé’rmfet‘ﬁjé?ﬁcorrpri si ng:
5 a signal .&aRditisengthréithatalldsl t ers data coll ected by one or nore of said
pressure transducers before said data is provided as dynam c feedback to

one or nore of said control units and throttle valves. 10. The wafer
processi ng syst 8 ofThelvaifsnpfoceliigaysters af Glafm §mdereirc@ittidignabner aver ages dat a
fromsaid one,or nore pressure transducers over, a preset 10 period of tine
to reduce F?Féhtf%ﬁ%?é’ﬁmg% ‘ﬁ@éﬁcﬁ? e FFFLRProspyre %douﬁﬂf 8Ver6rp6‘?§§%si ng system
of O aitn 1Qerdaes e 16 AddcdtheifacDmeashréhent hdig® is in the range of
approximately 1 to 10 seconds. 12. The wafer processing systemof C aim10

wherein said preset period of tine is approximtely 3 seconds.
11.  The wafer processing system of Claim 10 wherein said preset period of

time is in the range of approximately 1 to 10 seconds.

12.  The wafer processing system of Claim 10 wherein said preset period of

time is approximately 3 seconds.

15 13. A chemical vapor deposition processing system for delivering one or
more reactive gases and one or more inert gases to process a wafer or other substrate,
comprising:

a muffle, said muffle being maintained at approximately atmospheric pressure
and containing at least one process chamber housing at least one injector through

20  which said one or more reactive gases are injected and at least one shield or curtain
through which said one or more inert gases are injected into a deposition region and at
least one exhaust vent through which reactive gases and inert gases are removed;

a load region through which wafers are insei’ted into said muffle;

an unload region through which wafers are removed from said muffle;



15 13. A chem cal vapor deposition processing systemfor delivering one or
nore reactive gases and one or nore inert gases to process a wafer or other
substrat ewo osomsst sing: a nuffle, said nmuffle bei ng mai nt acCAabozL7372
approxi mately atnospheric pressure and containing at | east one process
chanber housing at | east one inject of 2t hr ough 20 which said one or nore
reactive gases are injected and at | east one shield or curtain through

whi ch said one or_nore.inert gas are, i,nj ect ed .i . . sition region
and at |east orfe&KRA §Pl%‘\3/ree a‘fsﬁﬁ%‘ﬁ %h%!l)ucgﬁ W&é%‘c%%@églgégaggvea%aé% nert gases
are renovedsndat leagtd fraeidrooT shid ronel ghmude ingdnt gasdse¢soad dronnséd theffleiant o sai d
muf fl e; an unl oad regi on through which wafers are renoved fromsaid nuffle;
WD 03/ 018868 *US02/ 27372 -29 a process chanber exhaust flow path

t hrough whi ch aitlleasfa fi8i Hless@aaiahdtlcgpatifirstpndsiat trthisdsder tnchdvdiag tten of sai d

tﬁ%ted; at |l east a

one or pore inert._gases renoved fromsaid nmuffle are . exh
first ppesBiFFaugd Wiﬁweegé?lgn?“iﬂfes’fltlﬁﬁ@%‘éeﬁsrcé‘a?ipﬁrﬁg%}%é?da asuring the 5

pressure difbRAEMGEEpRGINRERUS A prvididgs fedibhdkeoRfrOIGRSS] Bhespbae t6 egi on and
the anbient atnospheric pressure and providing a feedback control signal

i n respons &g pressyeg dtfprercesiide difference; and a first control unit

conprising a fif gl tREBE ddioMRkiVife a $iRk thedthd Qltd, Gaill BrdiBle vRIQAt rol 1 @bl e in
response to said feedback control "signal, said'throttle valve nmetering 10

the flow oforjedele intatponsedo eaith fsdash contiohsignal. daidrietloyabrapaisingexhaust f1 ow
path Ofig SeHothotd? o3k ifihre bnaulBE s ¥RISEH JRIOSRASNEG ML ChatlEb Al M 13

further conprising. a second pressure transducer that neasures the

di fferenti adid GVéssyatew. i nsi de said |oad region relative to the anbient

at nospheric pressure; and 15 a third pressure transducer that neasures the
differential pressures inside said unload region relatjive to the anbient
at nospheric pre’sﬂsuré?hemfe@ﬁlé’e%&?géﬁ’“ﬁm@é@k%mﬁgﬁ%f EHIBPIE ai m 14 furt her

conprising: a secongd S0k Yandiibdr 15 hRELRM tlr PMENEI PR wafsisd i ng of a
throttle val ve that
load region relative to the ambient atmospheric pressure; and

15 a third pressure transducer that measures the differential pressures inside said

unload region relative to the ambient atmospheric pressure.

15.  The wafer processing system of Claim 14 further comprising:
a second control unit selected from the group consisting of a throttle valve that
meters exhaust flow from said process chamber load region and a flowmeter that
20  meters the flow of one or more inert gases through one or more inert gas curtains into
said load region, said control unit operating in response to feedback from said second
pressure transducer; and |
a third control unit selected from the group consisting of a throttle valve that
meters exhaust flow from said process chamber load region and a flowmeter that
25  meters the flow of one or more inert gases through one or more inert gas curtains into
said unload region, said control unit operating in response to feedback from said third

pressure transducer.



meters exhaust flow from said process chanber | oad region and a fl owneter
that 20 neters the flow of one or nore inert gases through one or nore

i nert gaswouwshwsns into said |load region, said control umCT/uspze@ring in
response to feedback from said secongl pressure transducer; and a third
control unit selected fromthe group ®onsi sti ng of a throttle valve that
neters exhaust flow from said process chanber |oad region and a fl owreter
that 25 neters t f ar re ipert t hrough one or nore
nor t “gas curtailts | Afb A Piee g R oG SRR MPHI T Ooerat ing in
response to feedbfackh fresoresainstivesd thd meprvesshe @edstuaniiftireial batedn3/ 018860

PCT/ US02/ 27372 .-3 6.. Th fer cessing .system of clai.m 15 further
conpri si ng e ﬁ%ﬂ@gﬁ]@‘ﬁﬁgwgﬁ@%@gg as¢ f{ate éessﬁ}’rt%ssalg cilyessure

di f f er ent i akhahatine edryidg@nibieaekMusiQhas dowafbrh isdiy pfocbadiimbdr/18acind t he chase

anbi ent _pressure, said facili __exhaust line carrying conbi ned exhaust gas
flows fronfehidoadreransof sgid pytlle; aidiaq 5 and unl oad regions of said

nuffle; and a fomukth ceidl it comrising QIRrthStd@led/afve Wid Borthblihé a6 ofal ve t hat
controls the rate of exhaust gas flow on a facility exhaust line in

response t S EAT Lo e sty henstding | respensedndyradshedback Eaadader . 17. The

waf er processthpesifskffi@lr.C aim 16 further conprising: 10 a bypass
exhaust manifold for venting gas fromsaid nuffle; a fifth pressure

transducer that measures the pressure drop across an inline orifice in a

bypass exhaust 17.ne Thaksaydrpebcesiiaissiterd d5ERInh | OMrhat bnlpyigmgs exhaust
mani fold; and a fifth control _unit conprising a fifth throttle valve that

control€ the rat®Pass exbausioRanifold for ¥enting gps i sddmyiflsy pass exhaust manifol d

in response to gyMRpGui-andick thitasainednd fodlash dctdst bn BIGSSUr €
transducer. 18. The wafer processing systemof any one of Cains 14, 15,

16, and 17°tififsdp abypasaedapst Hag caryimgsibrustgssestion wipbwpasspbaust ansducer s
measur e di fhekQ@tanal pressures to within an absolute error of

approxi mately 0.0001 torn. .
a fifth control unit comprising a fifth throttle valve that controls the rate of

15  exhaust gas flow from said bypass exhaust manifold in response to dynamic feedback

received from said fifth pressure transducer.

18.  The wafer processing system of any one of Claims 14, 15, 16, and 17
wherein said first, second, and third pressure transducers measure differential

pressures to within an absolute error of approximately 0.0001 torr.

20 19.  The wafer processing system of Claim 18 wherein said first, second,
and third pressure transducers have an internal signal response time in the range of

approximately 0.1 to 1.0 seconds.

20.  The wafer processing system of Claim 18 wherein said first, second,
and third pressure transducers have an internal signal response time of approximately

25 0.4 seconds.

21.  The wafer processing system of Claim 18 further comprising:



20 19. The wafer processing systemof Caim 18 wherein said first, second,
and third pressure transducers have an internal signal response tine in the
range of wappnomssirately 0.1 to 1.0 seconds. 20. The waf er pomarse®si3nyg syst em
of Claim 18 wherein said first, secopnd, and third pressure transducers
have an internal signal response ti el of approximately 25 0.4 seconds. 21.
The wafer processing systemof Caim18 further conprising: W 03/018860
PCT/ US02/ 27372 ;3,2 o3hi %0 rﬂ?a?gﬂ&% 'd%g&}etciéé‘% bid &:5hote ARL3g Gl gCted by one
or nore of said pressure ransducers befrore %asm ng sail o' data To one or
nmor e of sai danségpsdefowepassing sagl daimiotome or @2re of bedd wapeetivepeantrebigiitng syst em of
Claim21 wherein said signal conditioner averages data from said one or
nore pressure transducers over a preset 5 period of tine to reduce the

i mpact of measu?%menkhe i erocogingFhigemaf €lim2bwbersintgidsigelem of C aim 21
wher ei n saj %%};%, [ ! [ Sl r.al roxijmtely 1 to
10 seconds.hqudg[.go e el\%gésedragpf?%né%atlsas{;Egegdrzli/dé?%&hgg %H%ﬁ%&gi%\?ﬁﬁg&ﬂas aid preset
peri od &f perigdefitimedprduce thainglayt & nsesonot ndi@®. 25. A net hod of delivering
and exhausting one or nore gases in an atnospheric pressure wafer
processing systemthat conprises a nuffle with at | east one process
chanber for chet calTheapdr raspoyigsysem whtlasn Ahwherginsridgresat pesippebxi mat el y
constant pEgSSih end Bt df SprftbA8GtelP1 ﬁtlm?&ﬁ&(i c throughout said system
conprising the steps of 15 tenporarily tixing the positions of each of two
throttle valves controlling exhaust gas flow froma |oad and unl oad region
of said system24reasihkwageriphReRIBIFHES of Oladn SHANREH seiihRiet peRbgpEm of said
systemand . adjusting a first pressure differential setpoint, 5P1, between
sai d procelde iapptspuatelpdiseiondsad an anbi ent chase room pressure to
establish a desired pressure in said 20 chanber exhaust plenum for
sufficient exh t of process_chemcals; regulatin as flow through a main
pr oceségex haus?ﬂﬁs' i ne* ’FlBthﬁéPﬁi?eQP’?FWgﬁ’fha&Shn one or m re%ases man

atmospheric pressure wafer processing system that comprises a muffle with at least

one process chamber for chemical vapor deposition while maintaining an
approximately constant pressure that is close to atmospheric throughout said system
comprising the steps of:
15 temporarily fixing the positions of each of two throttle valves controlling
exhaust gas flow from a load and unload region of said system,;
measuring the pressure in a chamber exhaust plenum of said system and
adjusting a first pressure differential setpoint, 6P, between said process chamber
region and an ambient chase room pressure to establish a desired pressure in said
20  chamber exhaust plenum for sufficient exhaust of process chemicals;
regulating gas flow through a main process exhaust line to maintain 6P; at a
constant preset value by controlling a first throttle valve on said main exhaust line;
determining the position of said first throttle valve and controlling the flow
through a fourth throttle valve controlling a total system exhaust rate to permit
25  operation of said first throttle valve within an optimum range of positions and to

isolate said system from potential perturbations in downstream vacuum,;



constant preset value by controlling a first throttle valve on said main
exhaust line; determning the position of said first throttle val ve and
control | iwg osloessbd ow t hrough a fourth throttle val ve cont ipelritisez2m71 ot al
system exhaust rate to permt 25 opgration of said first throttle valve
wi thin an opti numrange of positions’™and to isolate said systemfrom
potential perturbations in downstream vacuuny WO 03/018860 PCT/ US02/ 27372
-32 nmeasuring t i ent al.. r 6 and 5P3 espectively,

bet ween sai d Iglgeégueg%’%%%aﬁ%fér%}agé%%?%&ie%ﬁ%nd;%Pd’ 1S3ReGH irbg teelt‘:??éas/e room
pressure; dbidandisnig valopd gus endhafd Mibésne ehadseioomeptessite; and 6P3 in the range
of approximtely.less than(g 002 torr by adjuysting one or nore gas flows
in said | oad ant? " BgHPESHYS fé?rsw-‘@;bewﬁ?zﬁ&déwné 2Bg90fas set points for

one Or MDY GypYeMiMBelyQdk tah ODOS OB sﬁég&leo%aio?e £Q3wa 0@ ghd €91 on

4
throttle valves and returning said [oad and unl oad valves to automatic

oper at !%n;u@?ﬁﬂrsglPW ng said systemto stabilize before beginning process
operation. 10 2ty SASHIER! 1:48R0MASPAR! LAR ALAGSASHING. SYSLAM.T O
delivering one or TNore reactive gases and one or nore inert gases to
process a sl lead ard wiché reggumiibiottktvalves awinpmuingigrgid laadantifuntad salives nuff | e
bei ng mai L . roxi,mat el y atnospheric pressure and containing at
| east onen%%g{éggggé%egaﬁ@g?anﬁousi ng at | east one injector through 15 which
sai d one or noralowe@actil vestgamesabiliz befopeiadfgiding pebcass dpeadbn.one shiel d or
curtain through which said one or nore inert gases are injected into a
deposition region and at |east one exhaust vent through which reactive
gases Hhd i ner t26gaséschamisal wprondegosition waekssiegrystamtfhr deligéringinelor waf er s ar e
inserted i I fle: | region thro whi.ch fers are
renmoved frlgzr’nlggga?ggen%?%slaé?mé%&a& (%re glgeg[ agegﬁ%%éeers > aeﬁ’%%a%ﬁglimﬁ?rg\‘}v S;t)r%{eh t hr ough
whi ch al | oimpsiaing: reacti ve gases and at least a fraction of said one or

[ t ed f .sald. muff.l e are. hapust ed: . a _bypass exhaust
meni fol d for verPing Has o asan e pLappiotimately tntospheric preshi

and containing at least one process chamber housing at least one injector through

15  which said one or more reactive gases are injected and at least one shield or curtain
through which said one or more inert gases are injected into a deposition region and at
least one exhaust vent through which reactive gases and inert gases are removed,;

a load region through which wafers are inserted into said muiffle;
an unload region through which wafers are removed from said muffle;

20 a process chamber exhaust flow path through which all of said reactive gases
and at least a fraction of said one or more inert gases removed from said muffle are
exhausted;

a bypass exhaust manifold for venting gas from said muffle;
a first pressure transducer, said first pressure transducer measuring the

25  pressure difference between said muffle in the process chamber region and the
ambient atmospheric pressure and providing a feedback control signal in response to
said pressure difference;

a second pressure transducer that measures the differential pressure inside said

load region relative to the ambient atmospheric pressure;



a first pressure transducer, said first pressure transducer neasuring the
25 pressure difference between said muffle in the process chanber region
and the wolBemss@mt nospheric pressure and providing a feedbaalsoromirs ol
signal in response to said pressure_difference; a second pressure
transducer that measures the differeftial pressure inside said |oad region
relative to the anbi ent atnnspheric pressure MD 03/ 018860 PCT/ US02/ 27372

-33 athird pres; duc L, TEAsY |fferent| essures
i nside said unl Jg{ﬁg?rggsﬁ%ﬁmrn el ?rt &n%eas%r% nB ren gfersr%lres%?l?c B essure; a
fourth pr esmﬂqsaelrtaglmﬂtmeto thdrmhbmrﬁaﬁnmﬁhericlpeesprressur e di ffer ential between

the interior aus ine an ent pressure,
said facility 5 g%ﬁgargfsufé/tﬁ S uﬁ?rr%)?tﬁ@eaﬁ%?ﬁ)g%%rassg’i?ﬁﬁ%?f’%gaiba’fv%& fromsaid
process chawetliteriorlofadhcilitpexhaus lin@ghd thgtiassarifiers piedsuit) fshid acilyf i ft h pressure
transdugcer that nmeasures the pressure acrqQss an ipline_ orifice in a
bypass xh§ﬁ§PSWpﬁQHQEWFVFﬁﬁwEﬁﬁﬁﬂgﬁﬁﬁggﬁgﬁT?8 BLOCEFs 59488, laathaust

mani f ol d; &Qhﬁﬂ&mﬁggmﬁgﬂ&ﬁ@hmﬁmit conprising a first throttle valve, said
throttle valve controllable in response to said feedback control signal,

said throttle vafiferisistiangiucsibatmeatyresthepresuredron acksg aniiagst ed from
sai d procegsficanBgpasCaus lind daoNinakhaef gas§@dth b ypyst&iusd second

control unit selected fromthe group consisting of athrottle valve that
15 meters BRAEIt flow from said process chamber |oad region and a

flowejer that ; gR{&heoltdd® cbhpMiiRs a ﬁﬂ?thﬂ{ttlé%ﬁv% Liehhtot@dvfve t hrough one or

nore inert gas curtains into, said |oad reglon sald control unit
operating fantieBahloingespprse feenihizedbatk omirobsighab sid fidottl velys metsring ans ducer |

and a thi rﬁegfgwfggseyﬁla@ éa}sﬁﬁ@ﬁ&@ #&%esgu?&ﬁ%e?&aahﬁa ol rﬂ{ @ throttle

val ve that ers exhaust sal d process c Dad regi on
and a fl owsned EVDidystem; neters the fl ow of one or nDre i nert gases through

gne or nore | near gecgl% 1[%"({1 ﬁlg{t nslect«%lt al ugrc]:l{)ﬁs?‘giag 0 rdttlesz %lge t%ont rol unit
per at i ng in response to ree rom
15  meters exhaust flow from said process chamber load region and a flowmeter that
meters the flow of one or more inert gases through one or more inert gas curtains into
said load region, said control unit operating in response to feedback from said second
pressure transducer; and
a third control unit selected from the group consisting of a throttle valve that
20  meters exhaust flow from said process chamber load region and a flowmeter that
meters the flow of one or more inert gases through one or more inert gas curtains into
said unload region, said control unit operating in response to feedback from said third
pressure transducer.
a fourth control unit comprising a fourth throttle valve that controls the rate of
25  exhaust gas flow on a facility exhaust line in response to dynamic feedback from said
fourth pressure transducer.
a fifth control unit comprising a fifth throttle valve that controls the rate of
exhaust gas flow from said bypass exhaust manifold in response to dynamic feedback

received from said fifth pressure transducer.



pressure transducer. a fourth control unit conprising a fourth throttle

val ve that controls the rate of 25 exhaust gas flow on a facility exhaust
line in reoponsssét o dynam ¢ feedback fromsaid fourth preszase2enBansducer.
a fifth control unit conprising a fifth throttle valve that controls the
rate of exhaust gas flow from sai d-Hypass exhaust manifold in response to
dynam c feedback received fromsaid fifth pressure transducer. WO

03/ 018860 PCT/ US02/27372 -34 27. The wafer processing systemof Caim26
wherein said f2%st, Tb@W@f@ﬁprocawmngstem @i @ssw e whewmivs shid 6irs, seeasir e
d|fferent| e error o xi mately 0.0001
torr. nfjlhﬂéRMF E@Purﬁ ?rggsgjgg?rﬁ 611%1%? é‘ﬁ?%?nt@ﬁ Bi%ie tﬁﬂ%‘}@? EB éﬂgq t'f" i rst,

second e@omppfu;ﬁﬁa@ryqs@)mqoﬁr ansducers have an internal signal response
time in the range of approximately 0.1 to 1.0 seconds. 29. The wafer
processi ng systemof Claim26 wherein said first, second, and third
pressure tranQQUCGTﬁe%Fe@p%bebﬂff@@%n §f@ﬁﬁh25%§ﬁ%§a1&'f?§ & Oﬁ)tpprOXI mat el y
0.4 seconds. 10 30. The wafer processing systemof Claim2b6 further

conpri si #iyt third pirepsae t@@@ﬁ@ﬁséﬂ@allhﬁ@mﬂwlgn@lmmmsetmllhdnma@etwf one or nore
of said ?@ﬁﬂﬁﬁﬂ bﬁqQ§QH%§%§mb6fore passing said data to one or nore of

sai d res%{éjc Fve cont rol Uunres by averaging data fromsaid one or nore
pressure transducers over a preset period of tine to reduce the inpact of
measur enent n T% % The waf er g{qg ssigg sten1§g Cl ai m 30 wherein
said preset p rlod ¢ Waler BroCPBIiE Ysis (ﬁ]ﬂ‘én VIR b Sa e SPead o 10
seconds. alﬁﬂthlﬂ@@es‘é@é@ranm@@l@%%ﬁﬁl RYshAa (?ﬂfal 1@%‘@11@% BRhcWrepfroRins ALY Preset

period of time is approximately 3 secon
0.4 seconds.

10 30.  The wafer processing system of Claim 26 further comprising:
a signal conditioner that filters data collected by one or more of said pressure
transducers before passing said data to one or more of said respective control units by
averaging data from said one or more pressure transducers over a preset period of

time to reduce the impact of measurement noise.

15 31.  The wafer processing system of Claim 30 wherein said preset period of

time is in the range of approximately 1 to 10 seconds.

_32. The wafer processing system of Claim 30 wherein said preset period of

time is approximately 3 seconds.

20



