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- REACTOR HAVI NG A GAS FLOW CONTROL SYSTEM AND METHOD 5 Prior Appl 333‘5' Q{’)@
‘The application clains priority to Provisional Application No.! 66FI M WBge
filed February 2 1999. Field of the Invention 10 This invention rel ates
general |y t\goﬁ%ﬁﬁ eld of wafer processing reactors or syST&FRY4M9 net hods
-used in the manufacture of sem conductors and integrated circuits. Mre
specifically, the invention relates to a reactor and gas flow contr ol
system and method for controlling the flow of gases w thin chenical vapor
deposition (CVD) systens. 15 Background of the Invention processi ng

reactor systens W are widely used in th N\ of

sem conductors MW\W“ ed circuits. One parti &\\\m waf er
processi ng syst I “J;Gzes chem cal vapor deposition (&vB)* to deposit filns
or layers 20 on the'®rface of a substrate as a step in the manufacture of
sem conductors and integrated circuits. A variety of different CVD systens
are used in the art. For exanple, films may be deposited using | ow pressure
CVvD (LPCVD) systens, atnospheric pressure CVD (APCVD) systens or different
types of plasma enhanced CvD (PECVD) systens. In general principle) all
such systens enpl WdAﬁElggﬂﬁféEgh RBAE Ry rAeGggﬁiéi“m i nj ected gaseous
chemi cal s react and depostfngg AN S TH S EFadY) € surface of the
substrate. Many types of rra{qerl al's may be deposited, with dielectrics such
as oxi des and doped oxi des being a typical exanple. Z ~ N1~V 2UU3 WO

00l 49197 R c{LZLSO / %696 -2 1 For proper operation of the system and in
particu arﬂ&—@@ﬁ%&%a filmof desired quality and repeatability, the flow
of the gases wiTHeiapplidagor @ik pfiority td ProvikioAdl tAppHgEion Nocal/118, 286t is desirabl e
to achieve_.a bstantially uniformflow of gases in the area proximate the
surface ofﬁlfﬁ’mge £r'%08 so that certain concentrations of the gaseous 5
chemicals or reactants are available at the surface of the substrate so
that a proper filmis deposited. Mreover, control of the flow of such
gases wi | |Eigdofhednvestion of ficient utilization of the gases for reaction.
Anot herjgi mpor t ams ialdnti6h fePhes W IHeH 82 iffel T wWalkdr Eﬁmés’ﬁn? Raclhigkness ,
uniformty of the film It is desirable to achieve a Tilmof substantially
uni f or m t FY&RMEaR Hetbedsupr in theapanp fagtug pf pepisonshicioriend inirgrated e, Thi s
endeavor ReCHIEMEUShecRASY, HERNehdH relifes td\Eretlit Rl 8is v SARSE T at es
continues to increase. The flow of the reactive gaSes within the chanber

pl ays an iskgemtanhmethofl éoricontrallingrtessliaw pigpsdsi within ¢hewkoabeapor depogition t i s
desirabl e (Wﬁiggstu%rﬁ’é the flowrate of the gases and to pronote
substantially ‘'uniformflow of the reactive gases over the entire surface of
the subStrate. 15 A further consideration which warrants consi derable

attention éa@kg[\/\@;nedrofthe Invention
Wafer processing reactor systems and methods are widely used in the

manufacture of semiconductors and integrated circuits. One particular type of wafer
processing system utilizes chemical vapor deposition (CVD) to deposit films or layers

20 on the surface of a substrate as a step in the manufacture of semiconductors and
integrated circuits. A variety of different CVD systems are used in the art. For
example, films may be deposited using low pressure CVD (LPCVD) systems,
atmospheric pressure CVD (APCVD) systems or different types of plasma enhanced
CVD (PECVD) systems. In general principle, all such systems employ a deposition

25 chamber where certain injected gaseous chemicals react and deposit a layer of material
on the surface of the substrate. Many types of materials may be deposited, with

dielectrics such as oxides and doped oxides being a typical example.



processing systens is the mnimzing of particles and contam nants that
formin the reactor. Particul ates and contam nants are caused mai gi?/MRWJwe
accurrul ati on of unreacted and by-product gaseous chem cals and th
"formation of deposits (often called powder build-up) on the surfaces of the
reactor. Suwo@apdsits are a | arge 20 source of particl esPGEISe#026@N

. contam nate the filns being deposited2en the substrate. To renove the
deposits the system nust be taken offline and serviced. Contam nates and
gaseous cheni calFsr nrbpgr operdionmof Hiesystem, sodigrmarticulet wwlepesyiadiis ¢fr onot e

corrosi on ver, [ e Vi of t he
system asql\‘;vsé\t P%uﬁlﬁ %ﬁ? %;?egﬂﬁmﬁﬁ%e év Oggrln ?ﬁg %}n&hp%wgﬁ ‘g?mpqﬁég fl ow of

i nert and rSpaaficallg, 1gm§mambaya:h&neamnm&ﬂiyuﬁx5om1mﬁv offgaeastuln&ne agaonot i ng, or

m nim zi ng, the @ cum; %@ f unre cte and rod aseous chem cal s,
Thi o ot oprEsE R SeeE ot O s s e e PO e A8 hoey 1 & o
desi rablse tcﬁer?lbﬂybxdeac&n&)aﬁdaﬁlmliIHWt tk&l’sf)ﬂ‘mfe%!;th@@i(ijﬁsfr@t\k/e\é@fhat) zhﬁrlopeﬂéﬁl{h andh
reactive gas Q mnimze tion and powder build-up. It has
been found‘%q?a?s‘ﬁ\gﬁrehef?ﬂf‘?’oq"“ﬁ?l I‘TE Cglsafeaw 3{08106?mf"??€9%$’f es gases !
30 may be ugBshtib®oftHélgReSiot Rectidhor ement i oned concerns. Probl ens occur when

t he exhaust system of a reactor does not function properly. For exanple) if
the exhaust fl of\n9therdmpatapsiteriagivhen Hepogiting Simegs hethigkness wifamyity eact and

deposi tion,pfetalR R deif®icdb aéﬂ?&e%qﬁx%to"fﬂb‘?taht I\/R%W&ﬁﬁﬂrck:@%@ yeharly, if the
exhaust flowrate is too slow, the g D03 WO 001 49197 -3

PCT/ USOGY 02806 syrfasowef the @bamﬂ“hmdemr b;e@mmﬂven moferimppant psthber causi ng
deposits t I ble to

o ovi de a SunPiebEnlAR, CORRRR, Wplad: THEAGHCH B dould sl HRFL AET B %1 1 ow
of gases; tmberslaysansrymrtammhdn thetrésoliing fidth thadkinesy dbusands dairailaions certain
sel ected gas W at ues within th Addi t | naIIy, since
powder bui F?ﬁltroa 8‘8“8‘5'%%8@?‘3 ke andq%gromogbflgs%tn%m um% %8Ws°§§} em and net hod
whi ch enpl esastiveq@ates over feansrewtufaa ofithe subatrat.y control the gas flows and do
not detgriorate rior _art nme escri.bed_in U S. Patent
No. 5 %1 503 cApiTeco Rl BHLY Rl P T B AT S46F ons. i h an

ef f1 uent dﬁm&klhgayﬂeﬁfsllﬁhé ﬁiﬁﬁx?]%ngtdlpdﬁglﬁﬁﬂldjcentﬁrhﬁﬁht@ﬁak mﬂﬁﬁﬂﬂﬁt ream Ih n the
reactor. This system al so, enpl gys an abat enent. system whi.c reats the
ef f1 uent fFB85PL ryféﬂrcé'a@fafd°°$ﬁr%3/a§gﬁ§fee°ﬁvsaﬁwm % CBWW‘\A@B%'P%‘%e to danpen
pressure fhxﬁ@&ctb‘dtah@ﬁfproéﬁwgﬁ@&ﬁ cRéhichls Md tReforBAIbNRY tedosiy @aass f eedback
control of the gas flows in the upstream system because the downstream

sensor doe%a"ﬁ@)t’o‘ﬁ%ﬁr hiildryp) gn %ﬁ%‘t@ﬁ’i ofthq 163Gty SHe et heks? 8¥88ssure and fl ow
due to 29l OgRtdAGS hArREkslwhi BPYH @bntAamEd M At 1ing Bein p%grearon thd¥uBstiyest em does not

provide a nethod of nmetering the flow rates of the various exhaust gases to- |

achi eve an®o r1oNE Hieerpsids the syster] mes berkenpiiling and seayiepdr £BRMISt§as f | ows
Wi thi n the,NAmEIBE chemitaR Rt RRLmABREE Ltagrlaht ﬁm&re?uﬁéﬂprf)%&%;r&%n droadi ng and

unl oadi ng of a reactor can cause transient rbances, such as pressure
di st ur bancts reagor #idrean $pxerelyaeduoe the Tungeyity 20 theisysiem, de sieH abc@tmiwtepr ovide a

system andtor{ﬁ‘% &:ﬂﬁmﬁnfk 5‘1%0' el omnPll;/ ',thzr%&u%' gﬂegfg}% Lh{n*?@?&r‘?@e Sunmar y

and Obj ect nve tron Accor It pr esent
i nvent i26n ltotelplemhﬂrdmmnng, npmuumtmg,msamfrmratlm mfi:tmwmng and/yt-pmgucand rmr e

0oj cot of PHER AL FROEAFFBine B RRoDr GEon oL pepRnda bR s ey 1 "

provi des fit tsvﬂemfarotert@brooxfde b btegameprovhdtes donirflef wafitsrt prdocetsd gug system More
speci fical . s.an object of the Bre ent invention is to provide a

system i "éf‘rfﬂ"?‘r’é‘%dc‘i atigp aRd ppye APabl e control and netering of the

gas flow rates I\idsBedh found that the control of the exhaust flow rate of the varies gases
30 may be used to address the aforementioned concerns. Problems occur when the
exhaust system of a reactor does not function properly. For example, if the exhaust
flow rate is too high, the gases do not completely react and deposition on the surface

of the substrate is hampered. Conversely, if the exhaust flow rate is too slow, the gas



t he system 2 ~ MAY tUU3 WO 00/ 49197 PCTI US00102606 -4 Anot her object of
the present invention is to provide a system and nethod that m nim zes 03
accunul ati on of gases and the formation of unwanted deposits vvithiHJM%m
‘system A fyrt bj ect of the present invention is to p j system
and net hod %’a@ﬁgwgr onot es the deposi rEii on of substanti al I@gyd%@%z?%fi | s on
-the surface of substrates. Yet another object of the present invention is
to provide yste od t.mpimzes transien i sturbances within
the sy st em SR SRR AT AR0G Lt o Bt S AR R oSE S8 e

Ssyst em wherchamber walh afcRrdinghy) it ieBesirsblé Rdueedt Bgysteindd heagdviay of the
systemis increaseg. | O These and of her obj.ects of the |nyention are

achi eved bfoﬁtr‘a%PérmﬁFr&_cé}?sqx @‘SE@@Y %}rﬁafeﬁr‘gﬂjé?"a\%sr‘?“f‘uén‘g?‘e‘h%% “one gas,
conpri si Ng achigves RAdRGItaiR Chitdh Blecd REOTES ik \h1eS Wi hOsyIReh t herein and
having a plurality of gas flow paths for conveying inert and reactive
gases. Exhatfsftionpliy,sipeg peavdsr Ruildpugpesegeyr ot isdserableria pravidsf sys@n endyases and
ef f1uent gasas.dfyiRen 8t MraRfwililiCact GRER ¥R ARRESs nbwl hiocont 1ol
systemis 15 coupl edéntm;o.)resach of tahewexhé:ust ga(fs %I ov%e%gt hs andoeach of the
gas flow paphdeteniosateeysntimeel y controlled to maintain a sel ected,
substantially c t, . f r ~0of . t | § i gas fl ow
pat hs. In anot hggggﬁét}g inllnéé}\r{l%td %%éltbﬁjem[}? gs%%’?'?ﬁ%\\llgéﬁ]l%%%ﬂ%%%gg F’?%%ﬁlof

del i ver i ng thean doreoksdflost fluvgpagionpas an pfflaent dawnsoeam of preastbtedampéne net hod

conpris tﬂhe ste %ar%(i')n tc:-ﬁstabli east) one gas flow path within

S LN t
the reactor .ucullﬁéong}i%s 'S con§=/<raef/1(°at "thi'o Eﬁmtakgeré] ]soy? oW pzri"[eﬁt a1 ow
char act er i sthiah tezhts thecffaest frem neasasroe dThifsysteevappeart roadniwspetate thesponsi ve t o
t he measured fl ow characteristi is selectivel diusted to maintain a
llow rate SRmPHATGREE guctystioar. nd trs b Hefdioadingi ehes oAl ue.
Addi ti onal kyntrot Bﬁh%&ﬂm i tha\upstrebm ssu@baafsk e owinytrédin @aser ibedw pat hs, and |
the flow rates of the gases are 25 separately adjusted to maintain selected |

gas flow r 8PEBARRMHY Cﬁnfg%{ﬁ FelatonghiR beyeEnpreSRIpARAO™ EHfiP rlogeing HeMgas f1 ow
rates ngy Bewddlabdudiut@en alofeoSPEisaMidnlde¥ n610RS¥iANE médbd 8f Wktkitgn each of
the gas flow paths to pronote uniformdelivery and exhaust of the gases,
even if théedloy misppbthavariaus srhagd gt lopchiever g masttn dpisg ¥duSwér tine. In
yet anot het,eqabOdiaTEREvas HB&s WaMd Bmby0 gas flow paths are defined by
30 | oad and unl oad regions of the reactor for atnospheric pressure CVD in
an open syst em busbptbertaspast, itthes beepifaund thahlpading prsnloating of a seeetercans provi ded
with |oad apde H%Hs%ﬁfjdif]tﬁ%ﬁ@ss, sﬁ\éh ngé%%hécﬁéux%m.\%s,%imid‘t‘ﬁd A6f. Ofhus Ur r oundi ng
t he open deposition chanber. T oW C aracteristic, preferably pressure, of
t he gas¥¥s its deaivdblofo pravidee system 3ndyth@d (i3t oA@rale kDb Piimizes 617" 1US00/ 02b06
regions i sdi%%%ug ed and a flow control unit is selectively adjusted to
mai ntai n a“Subst

Stant i ally constant differential pressure across the open
chanber, In this manner the flow of the gases in the deposition chanber

stays bal agcedaand!io%.entgto;gtejgsvt atnoti ally disturbed by transients, such as :
pressure t ; due to the exposure 5 to the i
envi ronment . ThA&osdnslg tnismyolpert 6thepreed: ihcensisn tdyroving &1 enpb@lednce system
or tra:}%i ent Fr essure refs{’pond;rg, The @XTaUSt flo¥\§ﬁf r.oqnthe deposition
chanber®ar ¥2%] BGCeiP& P51eRe 4P PoTg PATFAFAR MBIRYE 4 VP°%Const ant, val ue by
prot ect i ngddpasitibh @WD)AYstem. Pressure wi thin the chanber from external
perturbation. 10 Brief Description of the Draw ngs These anﬁ ot her objects
and advant ages b1 3 RBIeg 0 s presEH YRR G0 BRo¥IdgAdEstemd Bagt BEPOF that he f ol | owi ng
detail ed dge¢iabdfidw BordBfofithes RARRANGEHe Gaftt PRocestiNglsyiRan . reference to the
drawings in which: Figure 1 is a schematic diagramof a prior art wafer i
processi ng systMaiesprsilicslly s asebiect efiheprstenoinvaiep énp PRIVigrasygem s g
schematjizC [ ' : ] e deposi tion
Syt om Ry e K o R o e MR, TP T he
present inthesystesn. ' Figure 3a is an enlarged cross-sectional view show ng
a portion of the system, 20 of Fig. 2. Figure 3b is a top plan view
illustrating the path of various gases and effluents , as they are
exhausted through the CVD systemof Figure 3a. Figure 4 is a schematic

di agram of an enbodi nent of the exhaust flow control ; system of the
present invention, including the transient pressure response flow control
25 system of the present invention. Figure Sis a schematic diagram of an
alternative enbodi nrent of the chem cal



vapor deposition and exhaust flow control system having the inproved gas
flow path . design of the present invention. Figure 6 is a flow tzqw 3
dllustrating one enmbodi ment of the transient pressure i 30 respoi se | ow
control nethod of the present invention. | Figure 7 is a schenati

cross-secti OFAYFew of one processi ng chanber of an ; altér(‘ﬁﬁ?’?z\%

“exenpl ary chem cal vapor depositi on sgs'tem which may be used in the present
i nvention. ~——~~ 197 PCTI SOOI 0260 igure 8 is a
top plan view i |W§FF%§J?°K§F%B’BEQ 108 170 Gt ﬂ§yséeé’§@§ ’3%”’?%‘5?} are j
exhaust ed trhiniiges acbienMOWIOf 3484 Mt ARG o b PGR%Gicd degolbiagmotis tend buf f er
nodul es of the type shown in Figure 7. 5 Detailed Description of the

| nventi on 'Iséﬁ?ﬂ‘ng to the drawi ngs, where |ike conponents are designated by
l'i ke reference PURRh&loBjectoiid PRéseitvelings rOGESSEyBEmMINE hRMowkHah an
exhaust flow control systemis shown with reference to Figure 1. The wafer
pr ocessi hg PEYBeteHhe denopitipy elsybsantiallycynyform filmgep 1B spafass offsebsia®ent rol system
14. The react or viehg]oHles @ctﬁmgpﬁﬁen&g JnNaE‘KEOIo?rogﬁi% afs%%% R Rertdl Whi ch
conveys effluents romt e reac ypes of "reactors can be

enpl oyed, smmlmmlmtmmtmkxawswahlstlErSdstemchl ng reactors. Referring to
Fig. 1, the flo r |caIIy t he
control system ?{4'%@%58%{) ftﬁe‘é&‘?es%ﬂ?nv@rﬁ {Ofrfﬂngsyil B%ecf 14b. There ~s
one for eaamigeasnéd dwngatehs redived ﬁndrtbdloﬁgem/wobm sxstensrystcmaseJMa operates as
the flo contro# for d’CLSt @ gas «Ihl owrﬁ p. ?b ase t he chanber exhaust
gas floW path. THESERERRT CRISHE PEPe Ve 'é’ﬁ1affzf‘5 ofsy é(tae‘s"l A RE ow control
for the secgndn fdrawmah@at ledst drigigas, Gaﬁ;ﬁlsinlgea&ﬁirﬂb&&%luﬂm@a@&fb@ulﬂgoad) exhaust
gas fl ow path. n|t | est form the flow c roI s,stemingludesa

sensor for "% SW‘WQ} PBONR gAY et §as ﬂ8fvﬂa éi%‘é"§ MHHIPAY t he gas

fl ow path @éacwetgag&smxhﬁstcmﬁ@lsla%prbﬁdéaquptm@exﬂaastbhﬁe@gﬂ;%mndand receives
the flow' 20 characteristic measurenment, such as differential pressure

across an GHjuentgasesfiopthe Fractionof the Eractiveigases o At I 8Ol ¥SIEBipl ed to a flow

controljgeys dt@@&h@%@x%s@éﬁ?ﬂ%ﬁ&h@aﬁxﬂ%ﬂé}ﬁofftﬁecg%‘ﬂ@\d phth@Bet he sensor, the
controller adjusts the flaw control device to achieve a certain flow

char act er i §ragatelyrepatrgljed ta magsan asedestedssubsipdisp snetapidipty Bie Pt em wit h t he

controller EsQé‘@vhB‘;EeQ&Jf%crg%ﬁbM athd gnal s formthe sensor and maki ng 25
adj ust rrentg via t | ow control unit as necessary. ! Mre specifically,

t he flow cont r oln aggtberambbdimenthefithechresent inventiorn, a aeethod of delivemrganidng a f | ow
characteri §%ﬁs\,’§ﬁ%c:€3§lna§rci&o§§ r&§ed93 e #n@th%g'@ BitRed tﬁaQWey%ac}fh 18, and a

controller recerves an out put fromt fie sensor 20, The control | er
22 sel e i v@a\b}is}a'dg stdeast axefghsaﬂmwmﬂu wohin deeriezogor2 Fhe g poeesiveyed thooughe

control | er eﬁcl) %}F anciga flow 01‘%-;9: Vlslcx:ce f%h rg%?%}s éasurg CX' ﬂE\Q%E}Wﬂ)] gl eCt ed flow

rate is achhe el ntal ne ow pa referabl y)
t he cont r okdsponsize td the meaaurqdu‘[owchmctmwms seﬂlectlhﬂy ati]ustedAn}masnmm abl e sensor
may be use rred enbodi or 20 is

conpri sed ?wggg'g)r' tgir: g%f: a??)tﬁ ?C’te? “%%arglﬁ RS VEE‘F e AF?‘&%%%S’Q‘ F853. The

may travel through a plurality of gas flow paths, and the flow rates of the gases are

25 separately adjusted to maintain selected gas flow rates within each of the gas flow
paths. Further, the gas flow rates may be maintained at a substantially constant value
within each of the gas flow paths to promote uniform delivery and exhaust of the
gases, even if the gas temperature or geometry of the path changes over time.

In yet another embodiment of the invention two gas flow paths are defined by

30 load and unload regions of the reactor for atmospheric pressure CVD in an open
system subject to the ambient environment. The reactor is provided with load and
unload regions at opposites ends of the reactor surrounding the open deposition

chamber. A flow characteristic, preferably pressure, of the gases in each of these



2 3 MaY uu~ WO 00149197 _7_ PCTNS00102606 pressure transducer 23 senses the
pressure drop (LAP) across the orifice and sends a correspondi ng OUtF\B&t
signal to the controller 22. Preferably a signal conditioner 25 r’r&ﬁ 2003

used, such as a vIO DP signal conditioner as known in the art which
provi des a PNHW43Pr aged OP val ue for reduci ng noise. Si nfP¢%Y§402644y
-suitable flow control S device 24 may Ye used, with a MKS flow control

val ve bein referred. O rticul ar advantage, the flow control system
enpl oys a ?rsﬁawarneaw%aeegzlgwrfawo%aw S B 6S PR | © t of o dal

orifice is shbdthitiallpassiaReAfférbntidpreat@RtroMohe SpchkBandi®, mWhisGinheér

i ncorporated by reference herein. The toroidal orifice is self cleaning;
that is, pdheiBewplithesasss tnibe depesionshamby stays bancehandds ngsubsastigh fice is 10

renoved SO_&iJ_e@r_bQJwéf—&ﬁieﬁ@m&més spfr‘ésgﬁé A0 §h£§heﬂ%rewh}eﬂgkﬁbsgx%bri s. Such

a design mnimzes taulty pressure drop readin t hat wou occur if the
orifice fherteths epyigeranenthihds systei nodyda miferoedito aethd aufidy halaneesysieovbdes nor e

accurate PLessule6op 4 aad ngs MULEMAGRTE Al SRelibeliad B Bosd | ow and

result in nore accurate and repe I"'ow con esign of a sensor
t hat can comaimsinkdatrasasced; stisanpalyssustant, vialuoy protastigthe Dbwe lvat act eri sti ¢ of

adirty effluent S strea i ndependen f.the powder accunul ati on and
changi ng gé)gf?% r?ﬁg’f" tﬁ%cehag’ghrafl[f’snf e’ﬁTrﬂ ,pe'%‘gg?tﬁ)@' cruci al el ement necessary for
i nproved process gas flow control. In the exenplary enbodi ment of prior

art, a ﬁgcigdggés val ve; hzg i s.used downstream of the flow control sensor
20. The''se H¥fi%eparately 20 controlled by a second
controller 27. An&RGANSHhEBfttdlafd ddvamagty 6 Lihe piksdr® irRbRbAdrd Madehe ' 1ine for
measuring the pressure in the gas flow path downstream of the sensor 20.

€

Based on t RBP35¢E a%the following dstpileddesringer 21 the Rrpepdad<laiipe apd Wpfiducer, the

second contieh&io & FAMARNANhIREe MKS valve 26 to open or close as
necessary to naintain a selected |line pressure in the path such that the

sensor 20 is al Wigpee lopasdematc dagram zia pegrartavaierprecsssingsystenaed |y, a punp 29

such asjqa rej(mstqwgogggg?stggnp may be installed in the gas flow path to
convey the gases though to a facility exhaust. As shown further in Fig. 1

any nunber of uHigue Ziag sthemplic@ess-sedtiond] yievhel aggxermplawcheninalwardiout
di srupting : ol : - 30 is
ol aced | nHiSioh S APRELE an B OER et Aon BERTR B wiftn AR HEN BP0,

appl i cat i oprestriénv8ftiamccurnul at or 30 acts as a | ow frequency attenuator and a
trap for coll ecH’ act.i on, deposi in the

ng powder . | éi.e_. .e e
exhaust gas st re§?’r§% P Eed SHOEY Soelmrlqsnényslg‘?/ g %?Bévrﬁgé%ﬁf{trﬁ%fﬁ{ﬁﬂll t can be
| ocat ed20at ofiRig. Zui t abl e position within the effluent gas flow path. Z 3
MAY 1003 WO 00149197, PCT/ USPOlOZGth]g? tEi g.th(l) shows a segoHﬂ1 ftlS ow contr ol
system 14b for CEREA8IT RE PEAY S HHTBE S8 Bath ORVALQYs $i8° PASHEYH path, in
thi s inst aactey hre egiustyd Brdukh exltVIBiysgmsofffigue pat h. Differential pressure
transducers 23a_and 23b provide signals representjng.the flow fromthe
entry and exit F‘@Eﬁeﬁd%a %f{%‘“ﬂ’ﬂé’ ‘E‘”}&’@?H&“ e@??&_ gt ‘EfIH}ée %5?)‘559?‘?’8?\‘“%& em12. S
Transducer sggfn B tAY prd@sit iBvéntion Shchidhip RS SisichOpreRgre ¢AP&HIsH Bdwicbmyslas a
control_signal to _ )
25 system of the present invention.
Figure 5 is a schematic diagram of an alternative embodiment of the chemical
vapor deposition and exhaust flow control system having the improved gas flow path
design of the present invention.
Figure 6 is a flow chart illustrating one embodiment of the transient pressure
30 response flow control method of the present invention.
Figure 7 is a schematic cross-sectional view of one processing chamber of an

alternative exemplary chemical vapor deposition system which may be used in the

present invention,



the controller 22g which operates the valve 24g to control the flow of
‘inert gas to the exhaust 18. The exhaust val ve operates to naintai b 3ainsl Ll
preset flow of inert gases from' the entry and exit ends of the system

As the gasewomambr and forma |ayer or filmof the surfaceTafseddreoowaf er, it
is 10 inportant to achieve and naintagn a selected flow rate of the gases.
-As described above the flowrate of the gases affect the extent and
uniformty of thigudaios idpiplan vievaitlukteating (Be ppiatof the whigdus @dscant teyeare t he present
i nvention provid for .cont Lin he flow rate of the various gases
wthin an BRHrE Tl ae RO st bains et otRart o e any def  ned
pat h of th_amgalg@@ftg@@py\gﬂoun\zﬁpl\guﬁapendi ng on the type of 15 application and
t he nechani cal design of the system For the wafer processing systemof the
type shown herein, the inventors have found that it is generally preferred
to sel et poilgkbaMRpiddthehvehlisy 0ases as the gas flow path for =~
controlling certarn fTow rates. However, in certain circunstances it is

al so preferred Tunggtebe dawings) ehergie cpinpeneplaere dgsigneddd by ke descri bed
herein the Lhvent i . Ll 0 the flow
rate of a |ro {II'I’ a?%‘?’:‘?ﬁé’ %gaioggn}ﬁﬁggg’?ﬁ%lgg F){E;F/eh @?lq%ééngexﬁﬁ%gvhg‘gtcﬁ’{stmguch t hat

t hei r f | owsysteneis ehdve witit mienade mridguwe 1.nBhenwafenpectessingsysehdOtrethdesl ue. The
sel ected value wJ| .depend,on a variety,of, factors. but i riparily

el octed shEtephia nphEhER e stpy g Lo Los ARG ¢ sFeft [F Ccensea.

Thi s allloowandf Dgas flb® pateiseviidhitonedys effiteryaSom THe@eqetor $2NMahnypatdfon provi des
for separately netering each gas flo th; that is rovi di ng conpensat ed
25 1 ccdbaclATTERbIE STPRRE LR TR PR D EAEA3r CHENG e 0w pat e, Figs. 2
and 3 il ustratrefaringicHig Al 9 EBHI cBfkrdl 8AGIOas YAIRY i€ sidwe. pedigeaignd met hod of
the present invention may be ené)l oyed. Fig. 2 is a crqgss-sectional
schematic Ve EoRLEs Sﬁ‘% 1P gQfeRTISEd QfgWo SpRssEmSA4p ¢nd 14be Toeas 13 %‘}ch?rpr 30 is a
conveyori zggy gssww%m.l The @ IRW BnEH @R t:Upedies bi@e ¥R oMEA &1l bed in
Patents | 30 4,834,020 and 5, 136, 975) i ncorporated herein by reference.

Whi e, 14 sprecias flew pgipendiis vasethecia%t@fwawwﬂw%@eﬁmnga@mﬂol ow paths is
shown, 'F Je}n IQE oﬁé}g@{)&ttf?@ﬂl?& o Pﬁ?ﬁggecﬁxﬂjﬂmﬁﬁhﬁhmié cds@%htehe art that the
present invention hay be enployed wt Ifterent 1 types of reactors each
havi ng di féntryéemit (Idad/iniend) exboust basflopenatis . In its simplest {atyn, 20080 w0 49197

PCT/ US00/ O : : P, . ' - ffle 32,

havi ng Ioa(%@tg'gl 1%%&5%?%3%‘3{%12&}%:8{%%8 p%ia?a?%%%%dp?{g?el %g(lﬁﬁg‘?f“ éﬂgﬂgs of the

muf f | e 32. ga¥lflewrpaftfdfént@2sti Ackuddler micolpdaist thesensohandiveneivdsthedloivng an

i nj ect 40 and .protective shiel d.assenmbly 41 iti h in. A

deposi ?’ |E)onglla?gcﬁc’an’cé’?eaf’uge’?%’}’%ﬂ' ?s%’f?%%%glrpéassﬂﬁ%?%eaétoﬁﬂ?%gt ogﬁﬁﬁj ector 40 and
shi el d asssenduryTHelcontrbller frcocpsdtorafthd @nfBé degics und tasedledthby adj acent buf fer
nodul es 38. The buffer. npdules 38 act to isolate th rocessi ng nodul e 36
ond " deposi FBIEPE: et o iR chor feeoBro B R R nd it £1 0. A
conveyor i ziedchitvanseaiih 16Rangacdéisaxt Ehedgstéh bpiges dshaedibidk enidd f or conveyi ng
substrates throu&)g t he chanbers. 36. The reactor ghanber, i ncl udi ng the

muf fl e 32, SYPRPStTdhe cryiralicy coptsping (s weeyerigmisder 1Be $05B139 AEkiBB e descri bed

i N gr eas eradfi@tridnts VidthEabR RbntNP Sinit & feS3sp.6 and 5,849,088, the entire
descriptions of which are expressly incorporated herein by reference. The

exenpl ary enmbod¥iofesrecifically, the Towrpiiad systsirt ! 4aringiusiss & speor9dfO% i ve

measuring a flow characteristic of the at least one gas in the gas flow path 18, and a

controller 22 which receives an output from the sensor 20. The controller 22
selectively adjusts a flow control device 24 responsive to the controlier signal. The

30 flow device 24 adjusts such that a selected flow rate is achieved and/or maintained
within the gas flow path. Preferably, the controller 22 is a computer as known in the
art. Any suitable sensor may be used, however, in the preferred embodiment, the

sensor 20 is comprised of a toroidal orifice 21 and a pressure transducer 23. The



buf fer nodul es 38, however it should be understood that any nunber of
chanbers and ' buffer nodules may be used, and the nunber will varyz MaY 7003
,depending on the design of the 15 nuffle and reactor. In an exenplary
enbodi nent nber includes an injector 40 which ha r

del i vering b”?@g’éﬁ?’g the deposition region 37. As shown |?1P(I@%S%%g& t he
‘protective shield assenbly is positioned adjacent and around the injector.
The protect, i 44 i . Lt4-Qgen, to the
deposi ¢1 onPiearaniBtefis SRMKRY Bt bioB IR E Rt B R el 8 C st on
regi on 37, cemedpaldg dutron egsz & thbeonP0llér@dg Erefdrsblph sighee cenditicman 2y mi ni mi zi ng
powder bui |l d- the. inj r.and chanber surfaces. The load.region 33 is
D aced at SsSEue O pe LT Pl o RRORE s e R B e s e ne i 11 e
i s the unl eatheraeghgud Alvaldeofodepmsig noise] Snitly}dng ssbfeatey ahural waf er, the

| oad region 33 .js canfigure ceive wafers.or sem conductor circuits
for 25 rorﬁlf(‘evécse’lir‘l1 .ay%fﬁsgcglwl“g,atl\g]ﬁggﬁ‘t%ﬂ’ﬁfq\i\aalf’%g"dngrﬂﬁﬁgﬁ 'sm (not shown) is
enpl oyed to pl aOfpdricilavabentagt, MedldwhéntroiagsitagmgloysSatopdiddiaficadsf | e 32.
Wafers are conveyed through the nuffl e by the transport nmeans 39.

Pr ef er abl yPart piehg eI 38y > Sitahistorsadal enficerpivdly dessrbeddn US hatspeler any

sui tabl e conysyifgntRIN MBI al@bReiencd NGeiNaTRE i@ Srifily i9wah the muffle 32
and deposition regions 37 where the wafers are processed. The 30 wafers
then exit ¢paingthaf s, vdenbwldgnthetascumpleedintkeghioat ahe grificgfown i n nore
detail t&ﬁo‘%éoesro%&@riﬁé% ré:xlnﬂns o 2P E03s RE GRS WAl dBRHUISE PPadsfhg! udes an
injector 40 tor Injecting chem cal gases or reagents into the“deposition
regi on 37 moEhizeofaelly pressarstdsep toadings thahwoilidjoestr orthegyific€ovedudlogged. not  shown)
convey thep. - | 49; - 10 P 606..0ases to the

i njectors E}BS gﬁ{/’\%]%&ﬁﬁg@ ;eﬁra g@@gg%g‘\]/dgim? rﬁégcguéagge-érlgg&%oag@ﬂ%g%%%r ate conduits
t 0 i nj ect owhiphssadmeba@r toAhdsh Aog landuetulsihavang acemete andyapeitahle fagsage 42

ext ends IenO% hvvi.li_ledal.on t he I%ntgcl t udi ngl axi s tﬁf t he iﬁ{)ect % 40 to

del i ver t h& Y8 deidssign LiRsgysor ptsap PTGty PSeuTe P gelEs oY 8hoP¥gi on 37. An
i nj ect as ichatherfistichdd dirty dPAkedNgas MdeanD) irldefddderb bf the puhdes Acdusmulationr por at ed
herein by reference. The %afs‘es i nteract vm'thiln t he deposit.ion region 37 and
deposi t & TRYFEMEIE BAPER Sty i Fis SV CoEnLI R PAIE as t he
substr at e impréveapressigadndwesingh t he deposition region 37. The unreacted
and deposition waste products are renoved fromth de\p\%si,ti on region 37

t hr ough chanber® 15X eraplary sprbgdiggnt of REOrAN ABRPIEMEINEVEPEHE $%r e coupl ed to

a suit abl edoWisPealpofihe S0P ESIR0] SeHéoR 20STIRe ChRADEK S OxDAYS1s sBpafidlin 44 as shown
in the exenplary enbodi nent. This exhaust of the chanber process gases

Y, {
forms &0garontrolisd by atspoond sordrofleit7s & eondipsessa pnsfuk P Placeti® Beath in this
exenpl ary GRTG¢h e (eprkiiedR8E ol RACbRBISREM, Bf hakkooh. 11 m of {he
surface of the wafer) it is inporfant to achieve and maintain a desired
fl ow rat e Brsed ¢rethg nrsssyre raadings pravidse &y U8 pagsevetransducer. dig seeand of t he gases
effect th A m s i i Li tL on. particul ar
advant age?coﬁ ﬁ%‘ﬁg?ésent Hf”ﬁf‘/@nwgﬁa‘gé %%/{63) gﬁ?ﬁé&%gﬁ{{'ﬁc&%?ﬁﬁ%%{awgﬁi ow rate of
t he gases seiettad hnepresssreor thatpetti suchshdt thwwepsat 2O isBhveays opesatingraba have f ound t hat
in thisggl (Lo eferr elect th X fl ow path for
cont ro??i %ﬁ?ﬁnﬁﬁ%&f.rﬁx{a@@tg \Cdor dsltuglb%taor"fghcé)}"ﬁﬁeésg)éE@%{?h}?gﬁﬁi on, one exhaust
gas fl ow padtilled $n hO gekefldwnpath axcohvey tiehgamdsehough heaufatiligeesxhfdsow pat h. The
chanmber exhaust s flo ath erates to expel. the -product and unused
reactant gases Arsgg?ﬁ”i h‘é‘wﬂ'g’b%@r F F‘H’rf‘“i“g’ﬁfﬁ”ﬁ%&aﬁﬁ%‘g?ﬁgﬁd&’b&?ﬁ"é syst em and
et hod of fldRepai RERdH disip 8l the low tH@RE s\ BREE Foa bxanfpid) anisdc@shufaiopB0 t he pl enum

44 at a selected flowrate. Further, the invention ]orovi_de,s
1s placed in the chamber exhaust gas flow paths 18. In this particular application, the

30 accumulator 30 acts as a low frequency attenuator and a trap for collecting powder
(i.e. reaction deposits) present in the exhaust gas stream. The flow control sensor and
flow control unit can be located at any suitable position within the effluent gas flow

path.



for controlling the flowrate of these gases within the chanber exhaust l%bas
-flow path 25 by maintaining the selected flow rate at a substanti B)MAH i
.constant value. This provides nore conplete reaction of the reactant gases
and nore unifo position of the filmon the wafer surf her, this
control or W&t{oghgﬁ of the reactant ggases pr onotes the %&Zusgﬂia%en of

-films having a nore unlformthlckness over the entire surface of the wafer.

30 To deposit high,qualit i is. de ble t cl i nert gas
flows within thhe:g’t‘ ég’& “()Srasl\écn gé]ms %tﬁ‘)] )(')Stet”ft?br 8a%°tnérﬁ@"6§1’ qufnert gases may
be used tOghﬂelslih anotiet ge3 ﬂohﬁpaﬂﬁ&ﬁh:&ﬁﬁsta@&ﬂﬁ&eﬂt@/dxhexnbepxcges f]vaIpathEQi on.

Furt her, g)eét '(f:" be usecﬁj to isol atel t he degoleo ion fromthe
rest of |t hd SreRtapressyrs eipdusers Paane 2ARBYIdE SIS [eREnE the ol + . 3 Ny
2003 VWO 00k hlAe eltbyTINGQRi# Ek%ﬁﬁ@artﬂeleﬂtdﬂﬁépeﬁcf%%fﬂfé%@mrtlohBisﬁ%ﬂﬂ'ﬂzthe si de and/ or
bottomregions of the chanber. As represented in Fig. inert gas is

i nj ect ed® | AFAsPUcEr 2 peides 6ﬁ1gr’§gfrt5%e’3m8\‘/}i%9°§ﬁilt§ﬂ éowaﬁpe%wt 80110 To renove
the inert gasohfolRrosy FniERORRL e tacpve'zagt@to%utattﬁe ﬁepeﬂnthgat th @i on 37,
buffer nodules 38 are provid in the exenplary enbodi nmen The buffer 5
modul es 38 exhradstgds iThe etheust aeljveer@mtesﬂmawmnberﬁset Bew ohinen gassefrpuif f er nodul e
38 on eachysi 6. The buffer nodules 38 are el ongated and
ext end acr(t)}geseq gﬁdr@%ggf&gf@ﬁgte he I ength of the chanbers 36. The buffer
nodul es 38 act A@thegagswecttalnéf@mcaels)s:rbxrf'drrtofglmsfaderodmetvwéercinarrber 36 as
shown arro t the ses th h.a,separate gas
flow pa%/q'u 1010891 %ﬁﬁgégaf}%ﬁ’f 8% i"ﬁggz"’tda%ﬁ egf)sf/:s art H‘%% As descri bed
above, theahsca'amtteantw gmmeagamseﬂmumeeﬁmtdndmuxjdshrmlyef mbaaﬁmhxoexhaust gas
flow path. The seﬁaratllono g flowgaths nthsrrar ﬁ | ows for the
tailoring BECY9Re G iPATIcYAL advaniee; fe prgsea %‘V?'B'OEP’é’é{t SQT&%&E" B8 Was f1ow

envi r onmenflowtratt BELhS Virfcas §ased withig anvBsSviatéghs Wolvipath. tThe gsleaspaii on regi on.
Fig. 3a shows the buffer nodul es 38 |n greater _detail. In_this enbodinent,

the 15 buf 8y betyfeEacdnath fdhgyesesand will w depspding auhePpaes duct 45 which
ext endsjsac Bﬁy?l%atlontah@ tm&ﬁﬁttégdesf&h%f 1Y PR, i the Wt pfock AR WHkesn t WO

el ongated baffles 46 placed in the Lowerbgortl on of the duct and a |l arge
cavity 47 alibe e Howsdierdin shedpventprchaygupupdithpl ibis sawrallyerefessdtP oned adj acent

one, anot NeL@nde SPARAG.ARATH: ks LORELR RRAPREI AohilAEeORREY. The channe

48 i s el ongated and extends t ' ength of th ass duct | nert
gases fromatqseHePVavﬁn,en C%lraﬂttuelﬁtsmmsealﬁomrtfh@e ﬁflfcéalsmlftlgéﬁ/ﬂmhto t he

buf f er o d s g@ﬁ E{]&s{)rﬁ: IRHGH Yteaprtsg.g iVERAG e e éefecufpco%gttaatst the

buf fer ass duct's are connected ypass vents 49
al ong t2e tbcdlew ratf of heluraufyfdfeas@ﬂm aQrigalty pbgs ﬂpefrnatmguqhsthdmlrtﬂouned at each

end of the higan st ilyct RnllifdSR ot AUkl il LG RS CUCt 45 S

open at eal s a passageway into the
bypass ventn @@arieGagdstdrs blwls‘}frnmnrﬂ)h&elecmfsﬂqyl thanthe sutfaelot]pmssbsvants 49

positioned a e ch end » not her gas floe i
path is def988Y pf%cfff‘ﬁ%lo’bﬂ%g]&}"ﬁz{%@ﬁ g ﬁggegfs’omlf)ﬁteﬂem’fﬁ & pass
exhaust gagrovidesfopsbirates rhddéringdadhygat hew bmbftﬁﬁt isrpebvidity hpemdtetthe bypass
vent s : i ning a hypass exhaust w path allows the for the
separ aég nPEe}fbagﬁ%"%f’Pb% ’geaﬂaﬁ%s"f/“hlnrﬁaﬁh %aé ?16’ MHSr and for the separate
control of the Haseand fiRNbthtd HRafeyiaessipRakGwRRAhE arRRemdexhaust pat hs.
The flow rates within the chanmber exhaust %as fl ow path and the bypass

exhaust gaBethpdef thapmrseatinvetion BRE RS @eplafeh Fishals at%%sweélev%lnt gases are

substanti %ch%nﬁ%h@é@&ﬁ%%ﬁrr&'dﬂmd f%eﬁhé‘zm?et'he exAdator3@Ss 4| ow path, and the
i nert gases ~ 2D03 WO 001 4
conveyonzed atmosphenc pressure CVD reactor of the type described in Patents

30 4,834,020 and 5,136,975, incorporated herein by reference. While, a specific type of
CVD reactor with its specific gas flow paths is shown, it will be understood to those of
ordinary skill in the art that the present invention may be employed with different

types of reactors each having different defined gas flow paths.



-12 PCT/ USO0/ 02606 are substantially exhausted through the bypass exhaust
“flow path. This purposeful control of the gas flows within the ch

_pronotes contai nment of the reactant gases in the deposition region 37.

Such cont ai nment enhances the uniformty of the f|In1dep03|ted on the wafer
and reducesVPNE¥?? bui | dup on the surrounding injector SF&AESEHEMSer
~surfaces. Wafer proceSS|ng systens ty%rcally i nclude a | oad and unl oad port
for receiving d unIOﬁg t he wafers, Wien the wafers are | oaded into and

removed from t hi® &)<ele eaqi 3 ring! ‘?C%%B’(‘J‘%% pruinedosd it #dor envi ronnent .

Exposur e t gnibiie34 reEi&Bs%dsﬁ%Bnﬁ%Ybﬁ&@ﬁ‘@&Hs of theRuimiznoaye pRifont am nates into
the system Accordrngly, 10 wafer processin %stems may errpl oy |nert gas
@n

f1 ow i nl et Hicjudes 3 deaptoag chamber ¥ bayipema iiestes Brrogfé‘l‘quéleifbﬁﬁ

cont anm nan t pons One
exanpl e ofEgﬁéﬁeg%ﬁg’méﬁepﬁﬁ%l}?ﬂﬁﬁ#g%ﬁﬁgqgggqga%ﬂ%%ggﬁgr 30 incl udes
a | oad Pegingetc@30 amiishiald apsénadlyl 4T eGeamoBss lmrbliet%dnetdwandddmoéjac@t ends of the
nmuf fl e 32., T 0 lity of ,
15 gas inl e‘f&?&é@g@ﬂ%aﬁﬁgu%m%k%s a&% 'S%te?ﬁ rf’ceen}?%g o u'p%(#{en%r egi ons.

Pr ef er abl ydepbhidorctegioa 3A sromGhe njsteﬁtheaprdchssmg peihmmgaméﬂie cMmrazleynnlzed(e fl ow of

inert gas. These curtains are sho i nner 50A,. center 50H and outer

50C cur' af FESROWEEER 2o Ean b anBis & Ny BE AR BRodRl T o

curtain of cHafieils 3gaFhSwRAGSThAWET, ihd18disgiht ameNef2, nfetonad end pagaiveg beneat h
the wafer surface. The curtain of i nert gas 20 al so acts

d
Lo i ooty DR dIERsspbinal Sedescabes Bt oD FAEn N Gm AN SAS BT | or

envi r onmens g49, ¢gst meeﬁﬁsmkﬁﬁzwn@Mbmﬁekxpr&sb? ih@ ra%e’a}eemn | oad 34 regions
are separately exhausted via exhaust ports respectl vely. The

| oad and uisfesrnge-ekivarismpipoembodimenief Fp 2&@W%feuré>bwah§§3%aww§t anti al
portion ofyiREemoBaES 380RSwdvECILRA bR rQbod tl?ﬁit%%ﬁ%e\‘ of {agbkRack 51 and

unl oad 52 exhaust ports are positioned at 25 approximately the mddle of
the | oad andfenmbdules mahieased, am@bgemwMllyvarsrﬁ@eédm&e@theﬁewsofm be

conpri sed d di ment, they
each |2§ uxglgfﬂgq%{c\l/\%%st%gmeﬁeg EIQH, L@Bdlg%& the@h%‘% H{c an |c§§1§t@s shown t he
unl oad r eg¥isiph has pphefosacity)mng:‘gpecﬂtb ilre;ailewo,smonmxcpi fénwmsbmdlylrﬁ'ﬁg i3acl udes two
el ongat ed .pl enum.st n m 55. The

| ower pl entg?’r{’rg%ng S|%nc it g}sbl)gsgp {?org%g 5%6%%9%0% QBE@%C 'J?Irﬂghe | ower

pl enum 54.prdie&ivephield 4plcemmys inbrt gnesl ptiﬁabaymxaogeaytoome depbgson( magibn shown)

formed in h batt om urf (o) enu L nert ases from each
ouon T nBabOER REh bRRE st el R e p A BSR4 | e
conveyed tibfgauighofithesystamay mifiinfizihfpowdepBiildolpoiuht bfectof btd gamea  ~ ~ MAY

2003 WO OOITA}f 197 -13 PCTI USO0/ 02606 are then conveyed out of the upper
pl enum 55 S$PH#GEgh t he exhaust port 51. Thus, two additional gas paths are

defined, ternmedhthndraam 30 ]H&HQ&&C&X@aﬂﬁ&nﬂ&&: Pakdisat thEhppdspad and unl oad
exhaust gas pat hs are forne EJ enum hody SO and the Ioad and unl oad

exhaust pd&Pe 8f the muffle is he “Plé’é‘bé"@tqn\?éi o depogit fijrps qrghe SwRESPLA ¥ fToad and

unl oad exhgdghd 9:@§mf3bmoﬁﬁédae@tblr&\eﬁeR\JA?ersf&rseMa@n@@ﬂaa&?éun@mof gas flow
paths within the nuffle and for the separate control of the gases within

the | 0dY aMeFespfisodaricaly, shatomis 19adange wses(nershpwe)kga@emq ®°hin the | oad
and unl 08%@%%‘&%%@% &% f4 P%Eo*ﬁ%s%?nae%ﬁ}ge s {e?scatr@&n@ﬁﬂdsel ectively

controlle Thi s pur posef ul nt r ol ows WtHin the | oad and
unl oad r edhrongh the Uwﬂleéls' theQranegragi megne $9.t Preferehivethe transport means 3 ers ar e

| oaded a”‘i’na‘i@iz‘%ﬁ%&ﬂ h‘B&/QJB ggesuﬁ%% (.eom'eying means may be used. The wafers pass

through the muffle 32 and deposition regions 37 where the wafers are processed. The
30 wafers then exit the muffle 32 through the unload region 34.
As shown in more detail with reference to Fig. 3a, each processing module 36
includes an injector 40 for injecting chemical gases or reagents into the deposition

region 37 positioned directed below the injector 40. Conduits (not shown) convey the



Further, control of the gas flows aids to isolate the chanber 36 fromthe
-rest of the nuffle and external environment, and pronotes contai nn&gtMﬁ
the reactant gases in the deposition region 37. For exanple, the f azlﬂ@s
‘of the gases in the |oad and/or unload regi ons can be sel ected such that
the inert gd¥R¥W4PH7t hese regions are 15 substantial |y exhBGEV¥E938¢ ough t he
1 oad and/or unload ports, respectiveFy9-but the flow rates are not so great
as to draw reactant gases_out, of deposition re n 37 and .into the
exhaust por&aéeséi%ﬁﬁ@gﬁ?“é@ “’W‘?@F'?‘??Sly\?@?‘ﬂﬁy ‘]ieré’ésqslﬂga}’ﬁ?‘éﬁ%a%@”@w& gases m
the | oad anghfEctétPagagks@haAusdudas: JhBQMVeBé}hhﬁ:ct%ﬁﬁhs cagkgei®d such that a
portion of the inert gas in the outernost buffer ules 38 are drawn into
the | oad arn@redhivisgalength Qtvné&mfé@x'g@féhqlmﬁwow@Wsiehwqﬁéheraaéﬁﬁ/mamégt of the
gases in thﬁce'ffa@«dacﬁﬂglh%ee&b';itﬂﬁ% ShBAUSN § g@fﬁ?i ib QWIS paeRt Y. SO be sel ected
to conpensate for an externa Fessur e o ow | nbal ance, as can typically
occur wi fh %.688,510swhith atmcorpom‘teddmre(upmeﬁm By gaenirniterad withii tan r oom
pressuri ze VIronne l,n. ot cording tq i nvention
Phe gas 11 APBARIEEH Lt deRialdla t i B BEST bR ePb b SuBEER (hn "t he
25 system ithe smbsotmte ie tignspbrtadaiiughihe de;rosmgn tegiohi3QuiThe ﬁ}bcactdﬂanahr r ows

schemat i cal illustrate gas flow ths r the inert gases. As
doscr bed gRtAon berster i Srereeiel B s Soetitd BRela’ Hrshiehn: 11 ¢y by

al | ow ng t RBarfied extaubtcRnt®%3.VaKd &Hﬁb@&shzfulstm%tpaic%upla'm&,suiiib}’e nunber of gas
fl ow paw)(s can be defi ned and tailored to a specific application and

system XRAYSISYSteTaiGh afp drmperesiusiplenum 4445 ShaWsin e FX6BPIBY i ned and

enpl oyed i RuibB&inieh€ MY exhfNEHMthOChamBEPrddes dasks tdrkidladhs ﬂdﬁpﬂhes are provided
for illustration purposes only and are not 1 ntended to ' mt the present

t eachi ng i refamed iag the chambpr grbaus gas A in Bhis exEOTPIADCTNEBOPER606 | - 14 To
provide flow cortiplyaQf n%a@teang‘"'f&%?a e B} ﬁmf]mh@l &fa&?&hﬂ@@afgﬂ Ay paths, a flow

control system 14 i s enployed. Figure ows t  ow control system l4a
and 14b enphnpgrtadt forachipee and mpintzin p desfried) Bow datepfthgasero b sfdessribednt r ol syst ens
accordi m% Sas f ow systens

i ncl uder?hég ‘{e\gf\?\? @%ﬁ%?é{ﬁ S g\ﬁ%a?}?]eoééﬁﬁﬁ%tg Jfﬂ&%g{yé)gghccrd}ﬁgsc} 0gbove The fl ow
“ control systtaetmrorm"rrattwslat mivsmhgcthe\p&isgm mmtmlprqvh@s firgontraling thd gases
.within the at hs.such tha eved and may
be mai nt ai rfllg% raf OPmegﬁsef il ti asso‘@%‘ﬁésig ovaaF ﬁﬁeﬁt%rsﬁag%ﬁgﬁ ng of the
waf er . Thetrpamtthlsuﬂsamcé htoy\prb&tred mahhashamxhhusv@sylod'qqa&ﬁdr cogptrofing  nunber of

factors in in w t | ow S are eflne type and nature
10°0f ¢ he Hedifarinies Rtfoldiie S35 pretufEiy Shfatiish PRAe B SAha the types
of gasemus deﬁmmamle&hidﬂﬁt extatist g&etbw fath. pﬂfetchsmtba%xladu@ai Agepathhe present

i nvention provides f the s par te flow ' contr nunber of defined

gas flow paPgiyes Bex d’ly PEC AR f‘H‘ége‘f)Feé%‘%'Htgaﬂcﬁ9’8’th‘%‘?1epﬂ§9‘?“rf§g’% i mpr oved

exhaust ga§7fk@dﬂr&ﬁéfétﬁ@s§’5@ﬂ a8 cheltod bf thE PHsOMYEdion, thest adee® 14a-14d i's
depicted in Fi istinction fromprior art is essentially the

pl acenent &P ‘f‘t’%’*éj fem theplevmdsal g selesied flowgarep Epmierhe MELIUGA PIRVISRE n t he

chem cal vaRebnARRRShE ﬂ&@ra’ié’éfttﬁé& ?s@?wﬁﬁ]ﬁtﬂe%ﬂhxﬂl&éi“éﬂlau@t%@&ﬂ ah each
exhaust gas flow path, such ? he chanbers of an open APC{’/D System are

i sol at &b fbbmainmmnsﬁheﬁelmedaﬂgw @i@taép AHEtaptiaghy congtat ‘silll‘tfh Thiseprovidss t r ansi ent
or static ﬂ%fes&“%?eté)lfea&xof?@’ffhgp&#%g%gsegﬁﬁﬁpl% Sunff% Modfofdrandmp,s can be

conpensat ed t he exhaust control stem "The active exhaust of
t he bypassOlpther\Milfﬂs safacnguréwc@sscwhaMémefehwvthdwbea%ot gases ed fromthe

promotes the deposition of films having a more uniform thickness over the entire
surface of the wafer.

30 To deposit high quality films, it is desirable to include inert gas flows within
the reactor in addition to the reactant gases. Inert gases may be used to help confine
the reactant gases to the deposition region. Further, inert gases may be used to isolate

the deposition region from the rest of the system. Typically, inert gases are injected



system wi t hout asymmetric flow conditions surrounding different chanbers.
*The pl acenent of the |oad and unl oad exhausts internal to the syste?rg MAY 2003
between inert gas curtains, allows the exhaust flow control system

actively maintain a desi red ., 25 pressure differential (near zero) across
t he chamber Q4887 open APCVD System exposed to changi ng BXEEHEI60

-envi ronnental conditions. The first fllow control systeml14a is simlar to

t hat descri, be ept t two other gas flow pat hs (the
combi nat i 81 et‘ﬂém"%a'd"%‘ﬁdg%ﬂﬁ%%@aé9%“%{3&59”5 %ﬁ‘de FIREbEy fiss exhaust gas i
f1 ow path) reprékeedBI L Bal Mt gdshin gtmhﬁa th B4R on 9kForf 3704 §d.  Accordi ng ‘

to the present 30 invention, gas flow paths can be conbi ned and t he
conbi ned ganB%Reﬁ‘SdéntT P &I thednexicgais mcanmaanerﬁatonﬁcaatﬁtm dsreqsé'@fled flow

rate of the, -yet flow

control of t ?@%rg%dpﬁg ﬁjg}éyov}d@;?gﬁgé %H@%gﬁor e an or a ter t he

conbi natl omodulez3&area¥5112m3 ameﬁﬂhdgiagmelﬁ@w WIS oedRE@6modiie 3801t hi s

enmbodi nent , d _un ust , ga S
eactl'xhs?dfelo?ggch%ﬂ?nrl%ﬁrgg aﬁ{ rlxagdugﬁgmf&e Qox}gﬁ{e a cF égxgef acro%[she f1 ow of

controlled via con
i nert gaseshe\meactnrlalomgdmeller@du crfelgadhmm%sm T}’m&auﬁﬁsmednltssasmonbmbd\ ed via flow

control system 14b. scr achi evi ng rtain desired flow !
Fare of ¢ hiegRkatten et PO AR o) SN 1T 51O i eides at o ;
subst ant i akxhaus@siasadtthiobghn srepéraegasd&\am bt Beb@asOasisibaws within the i
system and | eads to d%EOSItI on of inproved films on the surface of a wafer.

Fur t herl¥ t hovadiyAmomes 72 oAt Fescribsdl aporsetde (hastantgates are eybarsied giriehal | ows for
directing maehgﬁee%xwuust%@ﬂmsmﬁy@ﬁ%&ala oql%% ﬂicﬁx&“ ARSin lioWalRt h. That is,
as descri bed above, the gases flow n? into the bu er nodules, and in
parti cul ar alaves fetthe taeteg ofiihe Bow reisg of e gasea b ciesian deshied 88 86Wr egi on, may be
di rected i gf\irohfien:! apfs@ leenh@wgfeeasnwﬁﬁ@dewos&ﬁaﬁrég%d exhaust gas flow
path. This is acconplis Y‘I]tymsuntalnlngt e flowrate of the gases in the i
bypass exhaust kjas3afshews qbab fegmogulepifein gmteedcthlénlnttheemhcpmmerfu ey rate of

the gasgs r em 14d) .

Tur ni nzﬁag‘é‘?ﬁ&gﬁ’ d@%g%i?ﬂﬁ&éfoa%% 191 %apsydufc{‘ a%){]&ldgg%?)stsnt rolled by

f | ow cont r thie nsyffi¢ 3 Thetbypdss dirct m’édulqmlchldemwa ekmgaiod bafﬂést46\maccdun| s conpri sed
of a presspyre transduc AN, oL e61 a ntr.o 62 and a flow
control untlll ?%Vfrp OrC'SﬁEhfg\'Ct 6%%%“?‘1"8 |aH°‘fehtge gﬁ 48xlﬁj'é§£“¥ gas fl ow path,
t he SenSOI’baﬂ‘ﬂesn%asulﬁcﬂﬂloaecfd@m/crﬁhﬁe’aﬁtfefmﬁtsqmbedfapm fgaseshamied W8 n t he pat h,

such as th essur /08§ the. orjfic t.he th. The sensor
30  Sends aTERhRF TiFlEnR R Totetfe A phdin e e PR @ Th
cont roI2IOer4£21n80g4‘saen&aﬁﬂﬁacbhﬁbemasnurcesrmnérem ihb nagh €3 Bl indd thes residing in
the contro] | er nor " The cont t hen sends a c nd to the flow
control uné"{fg’éﬁ’nﬁ‘elgi) sai“?fémf’bedt"ll?e‘ §§frdg‘ ﬁ? [‘118 RY g ”?'ng“?‘%na unit 64 to
open or clmsful&BRNthe Btass MiRtsld5Qw doatetedtto Mlﬁo)@@s% VEREBY AISnc@asidant Wit hin

t he gas fl ow path. The controller may be any suitable type controller.

Addi ti onal ofdasasifle 32nOn € BYR3-ent ”sqdéﬂosﬁé’"ﬂ)atr?é%?ﬂd@ff}@ﬁb’%ﬂsa@‘iﬁé in the gas
25 flow pam,caa%abap«;ﬁm% aha 45 g Jp@ﬁa&qm érfalolf% K Band At the

&4
commands to the Tlow . contb?b uni t onpensat e for tenperature
vari at i2én formog p@sag@damioﬁhebmasavem§ab§itamtﬂpwlfroyn thematityinto thess 1 ow.
Simlarly, t e Nt Qntrol | ed by
fl ow cont rdjlp g%y&%tg% %fm&%lé—fgv?/mé}oeﬂ? %ﬁ@g%{%g}@%g gb%barﬁngfgﬁe@ a sensor
unit whi crpaut}slsed@ﬁxtadmpme;lebb pasa eprags gag Bow pahsdu@bypa@@xmmdt @n orifice 67, a
controller w..cqn 7 0f LR 40t flowin the
| oad exhau%ot Bﬁﬁ% fanned% t}ﬁ% H% moc{w&é%? a%%ta{sg%?'&ags ven?ﬁ ow cﬁ‘ 8teristic of
t he gases b/ypadmemhauht@apﬂb\h patb alidwsatbe foh thepesaion ef @sdb“amr}mmthimee orifice 67

wi thin 6 he hgmger an;l- ?oex' thseesggaorgte goen?rglsofahe gagega»\lnthme R)r %?pearslg éxhgustt Qned :

chamber exhaust paths. The flow rates within the chamber exhaust gas flow path and

the bypass exhaust gas flow path can be selected such that the reactant gases are

substantially exhausted through the chamber exhaust gas flow path, and the inert gases



2 ~ MAY zuu~ WO 00/49197 -16 PCT/ US00/ 02606 neasurenent to the controller
68 and the controller 68 conpares the neasurenent with sel ected val ue
residing in the controller nenory. The controller 68 then sends a Zérﬁﬁﬂw
to the flow. control unit 70 responsive to the measurenment, directing the
unit 70 to BFPM4¥7cl ose such that the flow rate of the gA&d/4sd S
constant within the gas 5 flow path. " Fow control system 14d controls the

flow of gases within the b ss exhaust s flow path,. Gases _are conveyed
Lhrough Cnes HBYAL Pt paeioiie Buts GPaist BV PHE. TBABRSREbr of or ably.
the gases eyhttol ¥ tHR1E8s LWk Withiede bhlbef RepréMdLes cotiaidiéht bhe tepBragtas st reans
are conbi ned. The pressure in _the conbined gas streamis neasured 10 across

press . ) QS I

an orifi ce 82%s pyhp Aerostiiprregioadd d Sedyconzinmest qnpanceetherrEmity elibe ont r ol

systens, gy RESSE & BRI m@&ucbipo?ﬁgrtbﬁl@lr{{?orpﬂggﬁrmuhﬁﬁg fifecpd the
dj usts I tr 6

controller 74 responsively a oW CO ol unit 76"t0 maintain a
certain ¥| evd ehamber yfates. an aut omati ¢ feedback flow control system for

inert gases is . : > system can be
enpl oyed to conwag%r%‘{r?g&glg s#ée?]te%q%lgﬂ”ﬁzm@tegg%atq? ﬁ%\%ﬂﬁ%ﬁaﬂ Where the exhaust
stream i s cdceivimgand unloddisgibhs weferst Vigeoimevafers acheoadge intwverd remoseddue t o
deposi tion by-products. Referrin o Fig. 5 flowcaontrol systens 14b, 14c
and 1ad ar SOBRMAER s TR ntet Rebe s et Rt et B aau S IS aced by an
operator. txedaltnevensnodften immidndea contaninatbsinahe slsteyn. Gaoatmgly, f | ow rat e

w thin gas.fl ow path, the operataqr adjusts nmanual flow control units
78,80 o 8?’,afe§8{?ﬁe§’§‘géys§6’sd%¥\?&9‘iyd?Fé‘Iga Hﬁ'é’i‘letf)%‘tﬂe{f’éﬂﬁ'éq” operat or may

sel ect a steanetd poye GOAEREE 8 dofilainthants UaheRsr tBe FEE@HSROEHORe foh@W rate, by
manual |y adj usting the valve. The operator wll &ypi cal sel ect a stable
f1 ow char adtdEIAdiRert oPnesxampls obeush & sysferp iseheyw wdngh ¢ Pk’ cbifduct ed in the

reactor. VaghofsaWulisQa8RiSeSMH ¥ 4R uhl%ac?f}%r%ﬁ 84 podifiBied & oppssitst | | typically
require adjustnment to achieve a new stable Tl ow characteristic. 25 Control

of the fl otdsiof el 32.tFhe lead3B apd prlead Wassianspasinempien 2 penbniofs. One of
the nosts i 1 i St ol . Lty filns as
descri Elgd ?&r%% te‘gg(%raclg a’aﬁ%q’/z"?“{r’%“g g’te ﬁ ?sqgir%gé;l:ggﬁgrr)\st qgggraglg’g%%\t i nvention,

t he met hodcustairfs|58vnjed attin| eldangateqyirtind ke flowaad rtertgias. t Theprs¢uatams areor

di st urbanc it hi S ' Ny f : processi ng
system thgjr%ﬂaé%%%Q%ﬁ’géltée?gp%%édggégﬁgg%}ﬁ?{aggv%gﬂm\%ﬁ% he 30 exterior
envi r onnentunabred of tietaina tray hahsed.nVhis ourtaimaef indrt gas eweaps beamtheBudaczet(i vity of

B R T L T
Even w2en ilkeacsytstieiate the 8haAfBelB6 andibypass, duttsridnathe esteridrientiyguinzal. | y pressure
differences COrEB%eeegeglgla;yg%bgé%&%gt?%le load 33 and unload 34 regions are
separately exhausted via exhaust ports 51 and 52, respectively. The load and unload
exhaust ports 51 and 52 act to exhaust a substantial portion of the inert gas from each
region. Preferably, the load 51 and unload 52 exhaust ports are positioned at
25 approximately the middle of the load and unload regions, respectively. The exhaust
ports may be comprised of any suitable gas outlet, and in the preferred embodiment,
they each include a two stage plenum body 53 (only the load region is shown, the
unload region is the same). Specifically, the plenum body 53 includes two elongated
plenum stages, a lower plenum 54 and an upper plenum 55. The lower plenum 54
30 includes a slot 56 formed in the side of the lower plenum 54. The upper plenum 55
includes an array of holes (not shown) formed in the bottom surface of the upper
plenum 55. Inert gases from each region are directed though the slot 56 in the lower

plenum 54 and then conveyed through the holes into the upper plenum 55. The gases



Z 3 MAY 7003 WD 00/ 49197 PCT/ US00/ 02Q0G -17 i environment. Especially for
APCVD reactors, any disturbance in the external environnment, such &ts,x 2003
openi ng doors into pressurized clean room areas around the equi prert: MAYn
directly affect the deposition chanber environnent through the open path
into the re®¥&W@u919The transi ent pressure di sturbances i nF&3USOHRSA6| ow of
‘the gases S within the system Referrlirg again to Fig 4, a transient flow
control system 14e is shown according to another enbodi nent of the present
i nvent i on. OheR FnMeyEa outrod theiupper PiEnyM Birqeshsthe exheuss pers 8 ht Thusyidigt i on

bal ances t : r h .1 b adj ustin
Q@dlﬂf)&?ﬁé&_;ﬁtt@gfe%ﬁ?éﬁé@rrgﬁgﬂﬂpﬁﬁéaﬁ@ ?Hgag;c%?ist X?fx:ﬁff@. eadjusting

the fl ow of gases~either in 33 or un eglon of the muffle:
Thi s syst eneddsnd ehlead exdiausbgas pathk erederiet &y Belpianem bodpbehdribe loed ani0 t r ansi ent

pressure r %ﬁi%gggﬁm&rlg&gsd%ra%d ngrrgs:‘p%tg}rg%ii the system and net hod of the -

i nvention malntalns ressure al of substantially zero ( i.e.
~ 0) betiween t hédfinag a3gpasancllondiraiachldad exlegst@asfiow path allevd the fastheat ed in fl ow

control system.l4e.in Fi %ﬁhﬂf' .The flom co(?g)rqlﬁ s;?/stem 14&3}1 FCl udes a
pressure t PEREHEREF S AOMBAINE ith BGTRYIEA"Y BT {1ESTHATH AT P OHESr egi ons  of
t he nuffl ewithiethploas sntrwildat 26psehd C Bhe Bl tatckDf TR a4 @SthiniRe PaGSRUT €
differential between the | oad 33 and unl oad 34 regions of the nuffle 32 and

send this i“ﬂlPB‘_? W@@P%ﬁasd?wfa&sg?ﬁ%??cf‘ ge %F_l"(f:ﬁﬁ‘?taf‘%l;‘ll@ﬁ"@z.°°’1trr‘?“F‘11i'%hifl nstance, the
control | er padodetul lcBftrol 8MBe A fldhlsIvid@fknt bal BRI ifad r&XBRYsdmdibsow control

system 14b, however, a separate controller could be used. The signal is
recei velf byuigHe of gietwadir|serface 2s walg arejaaded and wileaded Bom pha systemsi gnal to

adj ust onephnd:NenbdiaE QR fiths Y B81a A0l B2 FONBISL banel ther the

| oad or unl oad regions, respectively. ow control valve 64 or 70 is
sel ect i vel ynufidy andtesigrmislenyienneasttand piomoteSgontainmerit of i meagtapk gasss i e

ci 1 erent bl dalosRRRTONLIPE S1YoRBER, BEVRSN.L o] Bod Od WY 88g 1 o0 ons of

the muffle ncreasi ng or decreasing the exha om el ther the
| oad or unhuaast regighoran bByelermidisuch thatnige iaerpgasssintieselicgioss ent i al of zero, the

flow rates of th es Within.the depositi nﬁS chanber e mai ntai ned at
subst a?ﬁsi af1oytept aﬁ‘%’ 't%giatUStF éoélglgﬂﬁ rf%ag aﬁ@@r %rh%agtpg ?’ir%lsf’f%}w@é(’r u?fhﬁ response to
t he transi Aok rfeesshdteo giestas kddrae esactah gakesahif @fclie depesiidnawgiond? t he | oad and
unl oad ends_of tRe nuffle, Ln additign to transient pressure disturbances
due to | oattedieATabad PO e Alrine: FEASH e of TR arEhte i n « ne
syst em al stheWbddland/atisioad epliRsigds fowl pithecameisélbctalbuti ha opeti@nd of the
nmuffle to the other. Oten tines, qt)fg Fer | 1.oad, i regter at the | oad
33 region O SRRty @i Bos TS Tpaes 3 arergmniode g af-ed?wpbﬁieded in
this reg ogkiadst B&Aov fehsahensw ek dfiiRBRAnd theRAD Snd/6f urilsd GRISaRbNg -
Advant ageousl y, the transient ~ a ~~ nY 7003 WO 001 49197 -18
PCT/ US001 0885@®%W paths can also be selected 10 compensate for an external pressure or flow

imbalance, as can typically occur with the installation of an open APCVD System into

a clean room pressurized environment. In other words, according to the present

invention the gas flow paths can be selected to direct the flow of gases within the

25 system in a variety of ways. Referring to Figure 3b, the arrows schematically
illustrate gas flow paths for the primarily inert gases.
As described above, the present invention provides great flexibility by
allowing the definition of various gas flow paths. Thus, any number of gas flow paths
can be defined and tailored to a specific application and system. Of course, many
30 different gas flow paths can be defined and employed in the present invention, and the

particular examples are provided for illustration purposes only and are not intended o

limit the present teaching in any way.



control system 14e provides a systemand nethod for maintaining a desirable
-mnimal pressure differential across the deposition chanbers in tcﬁ Y 7000
situation as well. The transient flow control method is schenmati m
“tllustrated by the flow chart 100 in Fig, 6. First, the process condi tions
for the reatPd%?% established at step 102, 5 The pr oceFETUSHERE% ons
-include the desired gas flows for t td4vari ous reactive and inert gases for

the particul ar filmt deposj ted on_the fer surface. For
exanpl e, the prt%&%‘%ﬁgﬁﬁlcf’?'&ﬁgpﬁ% GHFES WitRp ﬁt?éief’ﬁeéig ApaY PPSR 18t es of gases
in the , i pdnerel @l’steﬁxolmt@emﬂ'lh?e%e Ff%uﬁk\’\l dhawe thé FoWesonitbilsyst&f 18£4Maqued based on
achieving desirable uniformty gas flow about the wafer, Also flaw

rates of i AEpPloYsgdB s mb@rghﬁerhéan@ﬁ HFO@’[%Q}’{ papiroLsYtemd apeRidingo g ci f i ed. The
flowrate X hem cal

cont ai nrne*n%ﬁjb&dﬂﬁ xﬁ%%ﬂggfﬁrg%hgﬁg%ﬁ? ?o@vé@?e%?pﬁéﬁlgé tlﬂ% {?g{éOIQand the flow
rates of gshows in Figuted dndaldscaibetl abnve dlthe flowiconizolsfstenmeparattstoe are sel ect ed.
Next, the ion and the |
" out er mostIGaT AL Eritel MERBRsBor B AR SRR HOFIRS JRYHRI PN L
made to anflowmadsere Ehleﬂédjamdcmytbemiaxqmmddsata/isla)sttahtdiilhy caisssane vavedinhg ow cont r ol

units to nmaintain egu to_a St 106.

Speci fi cal Ii’r??esfm%@ﬁg%ﬁ?g{j?hlfrﬁaf"é‘:ﬁ)]grr o“(')f?e"é’ ef)?”e]L é Rﬁﬁ%?f’? ncreases or
decr eases fiinsbef bmtbﬁhﬁlwﬂiﬁgméwtﬂefgag‘ﬂlmpamﬁré odfinpatthe Spcindtiamte a val ue DP,
equal teI zer S maintain or a 20 conbi nation, of
t he foI18 V\;fpéf ?‘Fﬂ\ﬂe%%{é#’?ﬁﬁte’ﬁe %Eﬁpdﬁﬁ@a'g"fjﬁlée YRS QT 83FMist gas pat h,

t he unl oadc}@mt@uaﬁatg@alswth the | oad outer and center curtains, and the

unl oad outer and center curtains. As shown in this illustration, the gas
flow path may iQfdiatiselageiyantagesthe presemnXention erqvisies fox the ssPrgadout er or
center Curéoﬂir&%f a@}nﬁ{m'xb%r BP&eﬁhéJ@a‘é?leththE h&n embsdiabiflor BRIpASent 25 Since the

| ength of the unl oad regions of the nuffle nay be relatively |ong,
it is pr efléYqﬂédnh@l%%WS@P’@W%@SM‘@S’@P apghour e eo®l  positi on of
the lo‘?llgi g;@%j( ﬁ‘lm&aﬁdrlg %&hn Qe‘fﬂé c}{ﬁlnxnorfa? 6M1¥ess@r§tgﬁ%ﬁ@ 108 the
pressure di flerent | al tween e I nner nost r.eg| on an e i nner nost
unl oad r egilasaméntAPthe mldtimiea:duuﬁdasfhdy mﬁéhsrbe’rdﬁsgn within de ohamiss! vaper nade to any
nunber of i i units to
mai nt ai n [igt)gs%o%os?gt anB%ehﬁdlgg%lM c@ntxtzogg% e%gl?%ag{t g%tgv&)ﬂt&(w& c}fr?lzlé or a

conbi nat i ahe ckafnbbﬂsef ﬁmbﬂmﬁh@/m&mdﬂ nmspkateﬂsfronaiyxtrh@ormijausse)ednalt he toad
center and,inne | oad cent nner._.cur and the
bypass exﬁh"&vsf‘" K géi‘l’ﬂ"" of atig FRRPTS GO "ﬁ%ﬁ?‘éef"ali‘b hBCT/ US00/ 02606
DP, is20e- cmﬁsmeﬁhbatcombaﬁata&ﬂnrayldnekkltauitlmw doafr@isysiay. Dhe &dyeisted to
maintain DP,= 0 according to s 106 ssar Fi n the systemis
left to stobustofdhehypase nyrps allo Q‘E&x‘feﬁ%&a@gfﬂ’ﬁ“’n@ %ﬁx\/%ﬂ‘%erj q¥ré M&ntered as a
set poi nt fsQdterh kxemsm&mhétﬁé fibw comditivhasutroatdingraifiefenl dhidgmbyrsalihaist i ng one of

t he | oad or unl oad exhaus val ve N~ 5 curtains throu h feedback

control . ‘Piagerpens of tislgad ap ”@R@c‘iﬁ%tséﬂte@?]éﬁ the §ysiergybetyveqn “Piedtess

condi ti on.cufiin@hN&hdHaé EMRuR MBR Lo Eysin fola6rivenMBithiak deSirgghown i n Figure 7.

Figure 7 is a
25 pressure differential (near zero) across the chambers in an open APCVD System

exposed to changing external environmental conditions. The first flow control system
14a is similar to that described in Fig. I except that two other gas flow paths (the
combination of the load and unload gas paths, and the bypass exhaust gas flow path)
are merged into the chamber exhaust gas flow path. According to the present

30 invention, gas flow paths can be combined and the combined gas path controlled to
achieve and/or maintain a selected flow rate of the gases. Alternatively, the paths can
be combined and yet flow control of the individual paths may take place before and/or

after the combination,



schematic view of two processing chanbers 36 and the buffer nodule 38 in
between themfor an alternative CVD system and in particul ar shO\rAT'% g‘\@%m
enl arged view of a 10 process chanber nodule 36. An injector asse nl’y

~and shield assenbly 302 are enpl oyed. The shield assenbly 302 is further
descri bed i WOU0419Pat ent No. 5, 849, 088 which is hereby i f&Irp8¥&e¥d by
.reference. The buffer nodul es |ncorpblr5arte nitrogen chanber curtains 304 in

t he bypass duct 45 whi ch aI)L%y]a reacti on chanber exhaust ratio of |ess
t

than 1.0 while HEPifEROAAMME BGIASAREIRIOArexBaShgas AFES #1A StPRE e posi ti on 15
region. Theomdffiel vRATRW éUnirBlQQﬁE]mCWbtaﬁa g |s?>\%1}%alll& BB Y1 Bk Badehe chamber
exhaust and bypass exhaust gilas so the chanbe bypass outfloww |l renove
cont am nantathinsthe pad segidmr 5ral the syten rs\ﬁawlsdmfbhv teafolsystehil f.efis from t he
bypass duc Q%E)ae

cont am nat }dgsr?ﬁgrréac{}blggé ?h&ﬁl m Zecfn%g%é lg? ggwpﬁ§§f1 he gééggcg%%%mmgér egi ons of

t he nuf f3 etlmrfbmp@frtgeghseﬁsatngulIStaneélympmsmgﬁwme mdslﬂﬂabﬂ@ceaﬁzas fB%a) 50b and
50c as in rtic a d i ted having
very T ow o eEe ot ingRBl R B B A b e At B B o e
wi t hi n t he Faylsdrahe separateicbhtr@ obgasés \gtJmEthE’ lcadeegldd allsbvs &rddedtingfiegure 8. In

summary, the i oved waf er roc ssin act or. |n ora bypass
exhaust pl §?§GW%§%W“§9?&%§ csfrﬁ ﬂﬁgé’a&’ ﬁf??‘l ’Ffsaf h%‘ff@ °ti on chanber
or from 2§adaslﬂ6\efngﬁxﬂ@tlﬁlbﬁfféﬁhm&@ aﬁh\arﬁmicsua:raaemmhmkbla‘mrmoﬂelaoved from
the reactor. Thi iﬁ rovi des |}rﬁ’rgﬁ%ved i sol aﬁl on of e ocess chanber,

ch pr
i mpr oveld bafisssakthe iagdegion, ma Eried inkg,the fqagaceiqn "’(5‘3 cKBHBEhYAHIt s whi ch
m ght ot hefoah sghdag dgdmzmphmt Dhik REcOMPHETS by SHiAinBE teMRwHaRGESRE Chanber.
Control of load and unload inert curtain gas exhaust provides a pressure
bal ance acPR¥§sinthebypassexbausigss flpw pph aselawer Bte thapdhsraputfigagrate of thgg

fluctuati OBsses f ANk m&srdmals (RARSRHBE b LGk HAL) RS 1 4dRSTIMRME QEHM[o duri ng
| oadi ng and unl oadi'ng waf ers, and external perturbations ich may occur

from such Fig fhghe laad @ﬁ@mt 8% titirath is Tonsrofled ey {1y exnirobsysigmridhahésh i ncl udes
h f | d fl
Tt he. a8 deor Bt ich 1MoL YE: bR BBy A g g e and Thow

PCT/ US00/ oaB@@omnessamm cdnfrolmnitiéd. Torcgroiohthe sehdovypmebeload i nvent i on
provi des ar&rpgﬁg?r % d fl s%ﬁ'}o (#m%ééﬁ}egghg\g%hgﬁ&é}%ﬁc ofrpggésgv\gﬁ'ﬁxhve system
and net hod & Qe R rocessin em to~achi eve i nproved
uni for m tytheﬁsauhesmgbas tshe p:esdurerdm}hmdss tliepnﬁcetmamtmﬂagncqmth Thelsdnsor@Povi de
greater control e system
Phereby entict fig reretiage i rrpsstient s fpudie 87 ik Poliregc: B

descri (ol Oétﬁnphf'esﬁlw:ﬁbafsm@membﬁmlsmﬂéévaﬁfes tdaﬂngnﬁsertbmmwemtmo@ have been
present ed {g purﬁ%sgs of illustrat) or]F d descri i)t6l on. re not

i ntended t SMERONERNEL 64 fhep gengs 2 ppnmand;t MeCoP oAt 6ﬁcsf’8’s{vﬁé° Fecise fornms

di scl osed, mesdrenfoMi, Qiréchivg e Niit amwdpbxc&tdmsslmh 1l the\fRIM rafeioP e gag € possi bl e
in light of the above teachi ng e enbodi nents were 10 chosen and

descri bed Teﬁ“aB\SG@‘PSt&"bWB@§t‘heeB,?§)ﬂ%‘l" ﬁa”@ hEhefontekies may be PRI WBRt i on and its
practical apabil&Gatad@fliond Qerdst8 IR ¥oMARBID RidBERuRkKérhpetdurt i fhBgasar t to best
use the invention and various enbodinents with various nodifications as are
sui t ed 250 flows rphiraan elsp send signale irfbesppirelics §2 sq thay the commapdetr HafeWt he scope of
the inventigg,hgydef 9:)5 ek RleBarARRE Bl GeieREhAANd thel T
equi val ents. ; 1 “% Mﬁ’g’s e e RS0 S Oy S eI 02606 Vhat i s
Cl ai ned i ssub&tantnlluh@maubmassélpm depOSI tion processing systemfor delivering
at least one S 05 or ot her
substrat e, corrp??rglféﬁg'%e ﬁ&? g@?"mn‘é‘l“g?%%%sa ﬁ%gléggﬁggéﬁrloﬂ% dﬁé\“g a
processi ngcanegi systehdAaeElow feamtenl sysemdl dbalso hgludes 4 #astr uoinehighss f | ow path for
convey|3|ag c':so%pcxj'lse ofJ aep(?essgurg prz?nsal?caerc £6a arllqh agonﬁce 6t70a controller 68 and a flow

control unit 70. To control the gas flow in the load exhaust gas flow path, the sensor

measures a flow characteristic of the gases within the path, such as the pressure drop

across the orifice 67 within the path. The sensor sends a signal representing the



sai d processing region and another gas flow path for delivering said inert
gas to said wafer processing region, 10 individual exhaust gas fl qvg MaY HE
for renoving said reactant gas conpletely within one said path along with !
"sone of said inert gas, and another said path for renoving_only excess '
i nert gas f\98ﬂ9/§%{%7d processi ng chanber, and an exhaust fI'%WL&,SB?\gWQ?I system
- for separately controlling the flow'olié'gas fromeach of said exhaust gas

flow paths to confine the rlﬁaaggi% re%og Z&ch t hat honI said 1 S reactant
and inert @ﬁ%suﬁeé‘?el“(/'_é’rué%“’inﬁg'e& anf e prolier CRERDES F S BFERSt ed t hrough
sai d procegghbdedt@talits redidinEhe the X 6htRMePherfibdl Mhe coMieNAios thdraemishaust fl ow
control systemfor the at |east one reactant gas exhaust flow path is

confi gur edcqr_@fn@aéﬁa&&tﬂ%%?@fr@mnitdagﬁgér&im 1Q igpcgpurement, dirsetingitheait gases from
sai d processigpeh 6041 sidh thar SIRMARLE RhilVoat AABIRRDNSHE GRbAGHd doow rate. 3.
The systemof claim1 or 2 wherein the said another gas flow path includes
i nert Sga8owather nodul es adj acent said processing chamber for delivering
and/ or 25 receipj i roel i,ng region,
and & bypass. edephBF HedR b o e kD, L% o he
react or chgastfow mttd Gdses arqemyeygd shroughftisr twodgpdse sents49 drhaaclsside m as i n
clainms 1, or 3 including at |east one iner s flo a t 30 the wafer
| oad and utﬁ‘F (r)%atof'e%le}oeﬁaglyogc§%1s|e§jexﬁtr308%%%qdn°g eaéc;]/‘so?g}ﬁvelgrsl%eg a@% &I ow path '
Wi t hi n eacgusGiresids atle ¢conthineds Thapdssoredn thefcombmed pasqlrédnn g nidasurekhaust of 1 nert
gases from each of s?' q} reegi ons s‘§> that the resere diff]erenti al across
sai d pr'8ce¥iqshgn PElieor oY restrsTamitucsat {4y 4 thitie sy flow warrdl S5 sai d
processi Ngths pfekwine MasuRMentiPahBo@eentroller 74 MI\heZ@aro W70 &sgSkfidly- 22
rcT/usoo/ 0z606 pressure gradient across |t_due to tenperature, room

pressure, 95 HPY PEHCLMItORR maliiih? ehreindlan@ss. 5. The system of claim 1,

2, 3 or 4, wher@hile stduthnfie td38¥ack Aw thitVs] Bstdh fob GleH @8ss & prefByddats exhaust 5
gas flow path which is fornmed by an el ongated buffer nodule on each side of |
sai d at | edeelddracist Sabampng! HHEMSar bhemPIAYdiae bR EWTHefith es r
posi ti 99ed,adbAGHRMHs wABE 1ARhARY slefn § it aRd ﬁ&qn@e&e&%&mﬂmms the full

w dth of the system and an open cavity above said sTot for receiving said

at | east ovver s duaiadeppsitipp hx-proghesn URefeiring toslaa. saflowgenrad ayfteatsl4éni d cavity

for exhausg, ' : j erein the at

| east oneslll‘ﬁggct1 §€}la%e %fo g\(/nv‘%}%feﬁh? %@ﬁﬁ%?%se%&%cfg %)? afé]sa? édg@s”?l ow path for
exhaust i ngppsaita. ab atleastndoemgasin asabsgantialhhcdnetentdly wrgteavithoagigasegi on

positione n S| of .saj r i a 15 pl enum body

M eh a1 ould BETEdRRR ol BeRRASY PP URE R B0 s E I £ 1 Pl

| east 2Be cpagendnth] ananuyd pal vahtecTheopetatdn nauy seivet aytable flood chgractarisic] ower sur f ace

for receivi said at | east one gas,fromsaid | owe | enym and a | oad
out | et porSPag%Spr‘?rgsé“rte 8 § ‘?’Ef’t‘bgi’ﬁggmbal”éﬁ%ﬁ?tfngr‘hee‘ﬁ?ﬁva?ugpgﬂ%erl{%ri VH’rﬁgas fromsaid
| oad regi apicalydeladst astbraAwechhrtieistig & ehéhowodead o, redig coadifianst i ng sai d at
| east one gas, said path formed by an unl oad regj gn positijoned on the
opposite ﬁ%a@%ﬁd 13 cdeaﬁﬂobé\g]%” ERANRyaress %ﬂf‘g’tﬁa\ﬁ ‘ﬁ’ée"%jl ﬁ?cé’ﬁm"ﬁ ‘B’_&]dy with a
| ower pl eRyitalytrbuire 84j8dmeM tdadhes nsM EhiRE BolRharb@&Ritivi Ng said at | east one
gas and_an upper Pllenumwth an array of holes in a | ower surface for
TP

recei vihg sai d CRnUeledthe fowef gasss Mrtbnivslsmeroidis e nyMBsAhbsRditsaPnénl oad out | et

POT L COUPIghthe!fostBhbrtRR EoubleP MR8 DPULSH 1AL Ak 438schb@rinsal d unl oad

detail above. In another embodiment of present invention, the method of flow control
is employed to control transients, or disturbances within the system. During operation
of a wafer processing system, there is typically a pressure differential between the

30 exterior environment and the internal environment of the system. The activity of |
loading and unloading the wafers exposes the system to this external environment and
causes transient pressure disturbances within the system. Even when the system is a

APCVD reactor, there are still typically pressure differences compared to the external



25 7. The systemof claim1, 2, 3, 4, 5 or 6 wherein said flow control
systens each further conprise: a sensor coupled to each of said 933 MAYONL3
paths for measuring a flow characteristic of the gas within the flow path;
"30 controllers for receiving a signal fromthe sensor coupled to each of

said gas flBWIPAMARS: and 2 3 MAY 2003 . i WD 00/49197 PEFUSHNEFG2606 23
-, flowcontrol units in each of the gb?s‘ fl ow paths sel ectively adjustable
to control ! the flQqw rate of the gas in said path responsive to said

control | er PG IRk AisRectal 97 4Rk 0P TeareTs o dstuipanes 1 @ g8 {1 ow paths at a
sel ected vahueonnenBsuch af BRAINGAbor #RO presleRARclaP ool FEL IR RY St em f or
delivering at |east one reactant gas and an inert gas to process a wafer or
ot her substR¥PBEN chiracay afépct te derosision ehembprrpvisenmenhtiryeh thertePiudi ng a
processi ng nbGghil'h L MBI Th NSt ﬁ&gure di%}'ﬂaﬁ]&s ﬂ'ltlpauelﬂ§ ox?%?thg%%eg! ow pat_h
for conveying sai d'at least one reactant gas I nto sal processi ng region
and anothewigasthe systemp Referfing agdiplto Vigrd. agarsientilimemtroggstemol4sas d wafer 10
processing sﬁ&(ﬁltaggardﬁ% {J §der NS AFANREEhe gr%éenf ik%’éﬁiﬁ&;ﬁo In?rﬁmfzgm?‘“ ng said
reactant gas and inert gas FYom said processi ng chanper, and ; a flow
control syshesint distushapas,dbeprgseaintenabn balanctshibe presweatrogathe titambesai d exhaust
gas fl ow pat 5 fer. | oad, apd upnl oad. regi on. Wi thin said processing
system at f"lt%%ggtﬁ%%’yﬁﬂ’luﬁt% thy @%‘%O{S%ase§§it%£r%ftgﬁb°§g?2§r?’ggﬁd 4 each having
at | east orgigad tHelrovpariis §icfemdetdferrt itd@ thewuffle alande@r&@igle/ ®ad and unl oad
regions, a |load exhaust path and an ufnl oad exhaust path ir}t ernal to said
inert gfs FRRGN! Pressyiedriepnss progequrs dirclevghe SIH d Megod gt €€l oad exhaust

gas path fapeftRATHIALSSs @pr‘ceésﬁx\é’&M@@I&Tshﬁiainﬁalg'fzex%qii.@: 8BS ()ivetedn sai d | oad
exhaust gas flow path; a second sensor coupled to said unload exhaust gas

path for ni&deadi3dgndunlpuld4anrsipnge tToisiistipgtrage ig How copueo! st Hedai d unl oad gas

f1ow path: rORt 10)ARF Sonlidl sy HEHT LY ItflaslagRAL . [ RAEARIfHihil and second
sensors; and ' 25 flow confrol units 1 n each of said Ioad and unl oad

exhaust gasouplegiip thatded andenlond regipusiof smuftle. Theipressuseiragdecer 8¢t i vel y
adj ust 61(3 t e:g;sglqeg 'El%l résg\ﬁc Elllf@ygn{l%tbgtw%%n %Fﬁ)at@g@@ﬁi d'PEbaggg peg?cfns%?{hg | oad and
controller. . e

unl oad paths responsive to sal systemof claimS8

wher ei n t heuffleri2raptl sendithis indermatat] asstserialdoa téraollertéd. fi tiw iB8Pancattes of t he
gases int I oad.: I ' ' substantially
donerant saruefds 3dle WAL RERNRE IGE IR TN TR 8L 57 05600, - o4
10. The syhdveaveras séparat cantmolBr vdvdd ied used. HEhecignslnoteceividity the eonadilanst ed so t hat
the flow rates, of ses | he.l oad and unl oad,exhaus at intain a
substant | ooh 74 Be s HREE Aoty a2 B R R AT PR B BRI bad s des
of sai @0sy&dupled tdeithdr théloademintedld ratigae) respe@ivelyt Taef1pw ocress iviige &ystem as in
claim8 in i.,ch said | gad regi on h | enum body with_ a |I. r plenum
with a sl o?r%ds %F'qCBV%‘ a@‘fffeldal{’ég}_‘ef??f“"%%&& @i%m%ﬂﬁ aipF%f"'Fe é’g@f""_ ?C‘i(ff an upper

pl enum wi t &ppesxirditElg¥erd beth@bbe Idad and NIRA répibnk 3EMe MM BGateisg | nert gas
fromsaid | ower plenumand_a | oad, out] et qoort coupled _to said , upper

pl enum for°’éi)‘€1’f§‘if§tgitP@e"é’é.‘?sﬂf]@‘?i?"f”r"d)‘h?’é]%ﬁ lg? ‘Hd’ﬂl"f 586N, Béir’?&f"i‘@”’é’éi d unl oad
regi on hasa gredbRMifer&RidYorWeiloNthd NbR \WREs dTHIRYAE8s Withih tRe &dpatitibm a | ower surface
for receiving said at | east one gas and an upper plenumw th an array of

hol es 2R ahpoiers asumainieiacdsa pubsiapedllyicrstagbiates ad dodied fubsiaBliyglyapr om sai d
| ower pl ersms?@ge mhg{}mﬁeﬂt ;S}Ustsbr%tdisﬂgﬁatnc&%:@éheﬂfe&%éﬁd\@ #RRAYGagP! enum for
exhausting s as d 15

ald g rom sai d unl oad region.
and unload ends of the muffle.

In addition to transient pressure disturbances due to loading and unloading of
the wafers, a thermal imbalance in the system also will cause a pressure differential
30 from one end of the muffle to the other. Often times, the thermal load is greater at the
load 33 region of the muffle 32 since there is higher energy input needed in this region

to heat the wafers and transport means for processing. Advantageously, the transient



12. The chem cal vapor deposition processing systemof claim38 wherein the
process chanbers are open to the ambient atnosphere such that the ,4 MAY 2003
deposition process occurs at or near atmospheric pressure. 20 13. 'Fh
"systemof claim 12 wherein the flow control units are adjusted such that
the flow ral@d¥ Mt he gases in the load and unl oad exhaustCTHa0HRe, o

- mai nt ai ned at substanti aI I y const ant " S¥l ected separate values. 14. The
system of cl the flo units .are adjusted such that
Y55 he. 1 FON St UFF AT desnen e BCoRPRE R TR Bh E OGP VOEE exhauet

f1 ow pat hs padssurséipfereaii £ layrogd e 8@bsifibr shemyera i t‘ﬂﬁtsﬁdatioﬁ dmumt ain a
substantially cgnstant selected flow rate wi.th sai d exhaust gas

fl ow paths, andT8e WRIsEPHEPY POl Betaoq iy S‘f]'ﬁ@a‘cb‘ialqéFlllﬁ‘i‘atgdali’bﬂthﬁggwﬂ’%\/v pat hs
such that tb@im; %65 Hidt, mef;fr&fe%%h&horﬁ?éﬂﬁ&re%ibﬁr@@s@d%h%@'Zpﬁépsl0‘23 control | ed
to a substantialTy constant val ue near zero even when wafers are |oaded or
30 unl oadedhe piocesh eonditians insiude thsehsifsd gassfinwes for the Vesigus FrapigESNdIeTir . | 2 3
M AY 2003 £ f claiml1, 2, 3,
55,56 7 PR R padicy s b SBOLAOSIT chtne Tt MU o6t Tow
control Sy sxagild, thel puiehsss cendisibis moightindldy the inputdlovamsieo sEgatsiig ket he pressure

di fferentl a d bI ate.o hrough t he
orifice. %&or?ﬂnigs ZH% efr]réivéfa%e T3 uglp%se?eéiegg%&a N §c1-¥ v"%sdse §abappl ied to a

| oad pur geumfurtnay nfmagasaﬁbwaﬂomam p/ufegeklcsmﬂb‘alrmemdndd‘gaséslthnugbnmt rol units
are sel ctlv ted to intain the p re dlfferetlal across the
open crip Bty AT pEY ot fhefifrd Thsthobdae B B ghieiproses g @i ahen v o s
are | Oadedb@felddfth(F@Clﬁdmlcerco%ﬁﬂ]eﬂ?(tﬂebﬁiasi é)@:ﬁilsﬂ)ﬂ@@&&lé fa@be f | ow changes
occur. 10 17. The nmethod of cla ? 9, 10, 11, 12, 13
or 14 wher E4Pliglicd. addhe fgw F?éeéé’eiS?SﬁﬁjnéPef'P%fW“éﬁ‘aPaéfeéH“§P be gyiile sensor

coupl ed t oar@Releptdprust flow path includes an orifice placed in said exhaust

gas flow path. 15 18. The s Estem of claim 17 wherein the exhaust flow

control syst em NexttthepressHre didarentiabheiiucen die quieamattilond regien 944h& enper at ure at
the orifsi C&nexﬂaownlioﬂaetregmﬁ(mlg ﬁJeésweetat 42@;; Y@ef)\dﬁfsﬁﬁ&;wzﬁe Ahidwagptial and
flowrate for terrg@eatureo gas. 19. The nethod of operating the
cheni cal veyseher pf S@lfr‘?bpfé@%‘tléﬁﬁ’@ﬁsséql%t?chﬂw ca)robuiEs tpmamianhPRh conpri ses

separ at el ye(@gﬂbf@lruxnﬁteyﬁré %{Qw 188, 8$peBicdif} ﬁéwe?sp,%mtswopfeﬁéamrt he | oad

and unl oad tegions so that the Plow rate i one ow path i's substantially

const ant a¢ldsetl whichlinweasest ar desreasesatheflpwe ratd wishin pizet frow @ntralrpaédsuz:lm mai ntain a

substant | ahkvs AANHALhud SRS BB S W Raflhi el A 4Rl oAcT 055 sald at | east
oaded or oade

one process “or as external room
pressure, ¢oarqnm1am,mf dmedolldngvg@Blowqmths mag Oe adjhged tderivaﬂadxhwpgms deposition

processin tem of, claim19 ess c open to the
anbi ent a?’?@géﬁe oag GEIVERAE P %tmﬁedlg?)dgosuﬁ f‘"(’)éricen D! Oggi%e u (% ad near

at nospheri amteprmmﬁe curddins? 1As shtven Biytbik Hmsmaftmnj the gas4]0v\5pat16m®ym€lud‘d’ler e said

inert gas i s o.,alo u curtain and a .unl oad rge curtain
g ¢ ho £ 1 ERBh e s i o B e B b B, 80 i B TR B F . e
pressure dixhfiet gdikd. al across the open chanbers at a substantially 2 3 MAY

2003 V\D 001 49197 -26
Since the length of the load and unload regions of the muffle may be relatively

long, it is preferred to also measure the pressure at the innermost position of the load
and unload regions, respectively. Accordingly, at step 108 the pressure differential
between the innermost load region and the innermost unload region (AP,) is
measured. Adjustments in flow rates are made to any number of flow control paths
30 via the associated flow contro} units to maintain AP, equal to approximately zero at
step 110. Any one, or a combination, of the following gas flow paths may be
adjusted: the load center and inner curtains, the unload center and inner curtains, and

the bypass exhaust gas flow path.



PCT/ US00/ 02606 constant val ue near zero, even when wafers are Ioaded or

unl oaded, or when external room pressure or flow changes occur. IMVEZ[](]H
chem cal vapor deposition processing systemof claim 21 wherein t é
“process chanbers are open to the anbi ent atnosphere such that the

deposi tion YPA¥EYYT occurs at or near atnospheric pressur &CT/US00/02606

. .A 5. Af. AYR AYR Ay?. AS. A@ . ASR A, @ ."/AP-. A. AS, . AS. AR Af5f. A5, . AS. AS, . A, ?. Af #
CAFLA@. Al @ . ASE L AF L ALY +pr WwYU[ .. ?=C | , L

j }xsni d_zU] ca] céfcla]rwresafeéé] de U&]ae%]héé]P&’a{]“E%ﬂPéléﬁ’%aé}‘E&]jé%T‘&‘&]aHb] ca] cna] ca]
ca] c”a] ca] abad 02edopdbERIsEBabE & elabdrg atinalyl G Qkdn) i50USAYMEH1ZU] ca] ca] cal]
ca] cal ca] ca &} calca] cMa ca%(vaj]}‘ca] ca] cal ca] cay] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca] ca] &R ¢ é | the ZesRlRg ¥ Jsientereg.-as a seipntfpy the eontoliesta 1F222~yt oj e* [ V]
o ) o e sebpaem ek st lhcalalann oo oo
;| <~<&=F >2W&W?@Mw@©@h@momrql] dhg mmm]lees}azaqln@]atat]ma(f%@} l,caf]wza] ca]calcalc
ajcalcalc

a] ca]ca] ca ?’]O i%ca(fhca ca] caj] ca] ca] ca] cal zAABsB$CCCCCDPEE( FwF

GvGGHoHHI / JJ 8 KKAGh &itenpative embodiment of the invention is shown in Figure 7. Figure 7is a

NWVN[ Nv |

) on] cal oot BT ie EEp R R EAp R St N R RIS L RFIL VUL X000
CY]ZZ[ i \\ } /ﬁ:kﬂﬁérvaﬁiambﬂnhﬁ\]e]@\aﬂ) €ﬁleﬁahﬁc]&}1%aileﬂhmbwa)hﬁfl]eﬁlalgecauk%l” f;} gg]bg g] ca] ca]
calcalcalcalcalca a ca)l cal ca] cal] cal] cal] cal M ‘"1 Ta =cccccce
ddei ef glﬁ B}"]@ ﬁ’} ‘lﬂ(f?j; 4’] Elie ‘t‘f’é‘%“?}ﬁy ¢ %‘Q]SE‘ﬁﬁdééﬁe@iy @4] ca] ca] ca] ca]
ca] ca] ca] cahsateaairnabiad aabes) el Eiﬁlrﬁﬁi SRl ol erl S baad: s HeMEERZqqOr r Rst t Au

u, o . : .
vvvewn} x' YWy EWZ HEOPPHIP Oy wiprgiT el BB i cappaTEl EegeBal] ca] cal] ca]
ca] ca] cal CahmBhCRlEiAl $6 if MeARPLEhGRAE RhLALAA) & PdaEbnCRIRE: CRa68] Cal ~k=—m97?i

e e L el

| cal oo 2al ca v KRR R e SRt R TR ISR  Tecr ca e

c 21: 21: gda’bﬁts@ a¥lombica sathe al]aoﬂa]:da/}ampc@pwaym adroaiecaltemingnt}, (sgq:caggc 2Lc 2Lc 2202
!31] c!at] CLU] L?‘F‘J '?mgP?Z‘{aéorf WMCQ#FNL}' ca ]&X'lét’]d”J }f@]ﬁ% f‘c]aB?c %L] c!at] c!at] CL' [ ]RHd{/T
y[) 8* { upkechpivbdraad tadrepatd] loal/imidad &J})eak]com]am?lftltgiv m_;ag] lomtmm]uzai} c a]C ; ia]c ; ELiJ] U]C ; ia]c ((: :]U
Lol al cay A RERhC PRI SR G ST b ph e Buee itk B3 Bk, L oj cha oa o

U] ca] c2a] caftsias Mn\é‘re&o@whd! yal g ] Whirk Bs. a@cﬁﬁ@]@aaﬂaﬂagalﬂ]max}m}al}a: a] ca] ca] ca]

| Du zCcf H95?
gci] r%rg{)ﬁaé%?%?% g ca] r ééﬂ {‘3??‘%?]38%1 @}ﬁ ?"] F"cé’]%%h] i ﬁ”é%ﬁ' a’lo-\'f([:ga] ca]zca] calc
a] ca] ca] cagb@ﬂwﬁwtma]maas}yaah@ﬁd ﬁaﬂfﬁ%}"E@hﬁfW]a@@lllud{ﬁfeﬁ1119%&(3(8) y
109&' ()-" ! gl0% 109& () - YL0%&' ( $10‘%$’ %5% gP
109%98& () -zS 10%%3*‘(’5]” ke T@%ﬁﬂé )”afespff § heaqtprgnessparates a b §SEO%& () ucwn [M
18%8@? 2-0% Thakit ;%Hum Qﬂ-eréﬂg'(@ce(sa inknt g{a}-lfrolrp H&a e 'de&s@nl@%ﬁb%f éDfromd, O
&109&' [?ﬂgmwe@ l(e}wafm@b/wt(eymacwrpﬂ/@mameyedl frgmahgogaster. (Thigmi oo’ () -
?2=dEM 5&1 & c dEM
oo ( bR padqbat heh bickys Fiisl shproed et gt Tl 1 ¢ |
+ 109&' () chjmbeas/@nd ycmio(ra@@/@pma)mmmmml(mxgyv/atm&s@pe Axpsyn 1go@ie( ) - @ @)

]il' 2581'8?;2 %%-C%Z%ég{g %1% Er);?er:lsﬁ%!{%& ICfoEt}oI]o??@d GAd unload inert curtain gas

(109" ( exhau@liD8®Hqs)a-preshiGeBaAl{nce Zﬁﬁﬁy&ie(r)acmﬁtwb plesencd Of th€rimalinadBK! .
(10%& 5(} ¥l ctugtxons an in(tgﬁg{!pre(s:}u?eo/ﬁlllxjcﬁxa{igﬁs)(?!ls#may occur during loading and

unloading wafers, and external perturbations which may occur from such things as

opening doors. The wafer processing reactor includes exhaust flow control of

multiple paths to maintain stable pressure and flow in the chamber deposition region.
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invention and various embodiments with various modifications as are suited to the

particular use contemplated. It is intended that the scope of the invention be defined

by the claims appended hereto and their equivalents.
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10! and having at least one gas ﬂow path for conveying said at least one reactant gas into
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wafer processing region,
10 individual exhaust gas flow paths for removing said reactant gas completely
within one said path along with some of said inert gas, and another said path for
removing only excess inert gas from said processing chamber, and
an exhaust flow control system for separately controlling the flow of gas from
each of said exhaust gas flow paths to confine the reaction region such that only said
15 reactant and inert gas delivered inside said process chamber is exhausted through said

processing region.

2, The system of claim 1 wherein the exhaust flow control system for the at least
one reactant gas exhaust flow path is configured to exhaust reactant gases and some of
20 said inert gases from said processing region at a substantially constant selected flow

rate.

3. The system of claim 1 or 2 wherein the said another gas flow path includes
inert gas buffer modules adjacent said processing chamber for delivering and/or

25 receiving inert gases to further isolate the processing region, and a bypass exhaust
plenum for exhausting excess inert gas supplied to the reactor chamber and the inert

gas buffer modules.

4. The system as in claims 1, 2 or 3 including at least one inert gas flow path at
30 the wafer load and unload regions of said processing system, an exhaust flow path

within each of said regions, and means for controlling the exhaust of inert gases from

each of said regions so that the pressure differential across said processing region is

substantially minimized, even though said processing system has an imbalanced
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disposed at each end of said cavity for exhausting said gas.
10
6. The system of claim 4 or 5 wherein the at least one inert gas flow path
includes:
a load exhaust gas flow path for exhausting said at least one gas, said path
formed by a load region positioned on one side of said process chambers and having a
15 plenum body with a lower plenum with a slot in a Jower surface for receiving said at
least one gas and an upper plenum with an array of holes in a lower surface for
receiving said at least one gas from said lower plenum and a load outlet port coupled
to said upper plenum for exhausting said gas from said load region; and
an unload exhaust gas flow path, for exhausting said at least one gas, said path
20 formed by an unload region positioned on the opposite side of said process chambers
and having a plenum body with a lower plenum with a slot in a lower surface for
receiving said at least one gas and an upper plenum with an array of holes in a lower
surface for receiving said at least one gas from said lower plenum and an unload outlet

port coupled to said upper plenum for exhausting said gas from said unload region.

25
7. The system of claim 1, 2, 3, 4, 5, or 6 wherein said flow control systems each
further comprise:
a sensor coupled to each of said gas flow paths for measuring a flow
characteristic of the gas within the flow path;
30 controllers for receiving a signal from the sensor coupled to each of said gas

flow paths; and
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10qgedErrN/ Teactant gas and an inert gas 10 process a wafer or other substrate, comprising:

at least one process chamber including a processing region formed therein and

having at least one gas flow path for conveying said at least one reactant gas into said
processing region and another gas flow path for delivering said inert gas to said wafer

10 processing system,

at ]east one exhaust gas flow path for removing said reactant gas and inert gas
from said processing chamber, and

a flow control system for separately controlling the flow of gas from said
exhaust gas flow path,

15 a wafer load and unload region within said processing system at the load and
unload sides of said processing region, each having at least one gas flow path for
delivering inert gas to said load and unload regions,

a load exhaust path and an unload exhaust path internal to said inert gas flow
regions,

20 a first sensor coupled to said load exhaust gas path for measuring a flow
characteristic of said gas within said load exhaust gas flow path;

a second sensor coupled to said unload exhaust gas path for measunng a flow
characteristic of said gas within said unload gas flow path;
controllers for receiving signals from said first and second sensors; and

25 flow control units in each of said load and unload exhaust gas flow paths, said

flow control units being selectively adjusted to control the flow rate of the gases in

each of said load and unload paths responsive to said controller.

9. The system of claim 8 wherein the control units are adjusted so that the flow
30 rates of the gases in the load and unload exhaust paths are maintained at substantially

constant selected values.
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holes in a lower surface for receiving said at Jeast one gas from said lower plenurh and

an unload outlet port coupled to said upper plenum for exhausting said gas from said
unload region.

15
12 The chemical vapor deposition processing system of claim 8 wherein the
process chambers are open to the ambient atmosphere such that the deposition process

occurs at or near atmospheric pressure.

20 13, The system of claim 12 wherein the flow control units are adjusted such that
the flow rates of the gases in the load and unload exhaust paths are maintained at

substantially constant selected separate values.

14. The system of claim 12 wherein the flow control units are adjusted such that
25 the flow rates of said inert gas within the load and unload exhaust flow paths are
separately and selectively adjusted to maintain a substantially constant selected flow
rate within one of said exhaust gas flow paths, and a varying flow rate in the other of
said gas flow paths such that the pressure differential across said open chambers is
controlied to a substantially constant value near zero even when wafers are loaded or

30 unloaded, or when external room pressure or flow changes occur.
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step of measuring a flow characteristic by a sensor coupled to an exhaust flow path

includes an orifice placed in said exhaust gas flow path.

15 18.  The system of claim 17 wherein the exhaust flow control system further
includes means for measuring the gas temperature at the orifice to correct the

correlation between pressure differential and flow rate for temperature of the gas.

19.  The method of operating the chemical vapor processing system of claim 4, 5, 6
20 or 7 which comprises separately controlling the flow rates of inert exhaust gas from
the load and unload regions so that the flow rate in one flow path is substantiaily
constant and the flow rate in the other flow path is varied to maintain a substantially
constant near zero pressure differential across said at least one process chamber as
wafers are loaded or unloaded, or as external room pressure, temperature or flow

25 occur.

20.  The chemical vapor deposition processing system of claim 19 wherein the
process chambers are open to the ambient atmosphere such that the deposition process
occurs at or near atmospheric pressure.

30
21.  The system of claim 4, 5, 6 or 7 where said inert gas is applied to a load purge
curtain and an unload purge curtain and the flow control units are selectively adjusted

to maintain the pressure differential across the open chambers at a substantially
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22.  The chemical vapor deposition processing system of claim 21 wherein the

5 process chambers are open to the ambient atmosphere such that the deposition process

occurs at or near atmospheric pressure.



