; e3e: 6T: TX&WD 00/ 52741 PCT/ US00/ 03059 PRESSURE EQUALI ZATI ON SYSTEM FOR
CHEM CAL VAPOR DEPCSI TI ON REACTORS Background of the Invention The present
invention relates generally to a reactor for 5 depositing an epitaxial

| ayer on awsagsisganduct or wafer, and nore specifically to perfusenésedo having a
system for equalizing pressure across a gate separating a process chanber
of the reactor froma wafer handling chanber. Conventional horizonta
reactors have a process chanber 10 sized and shaped for receiving a

sem conductor wafer. Wien a wafer is | oaded, reactant gas is injected into
the chamber for depositing an epitaxial |ayer on the wafer by a process
known as chem cal vapor g r is connected to one
end of a wafer handling QEB%@& ﬁgkf-g%émﬁggg ?g E@qﬁgg 15 positioned at the
ot her end of the maferCHENHP?%gV%RQﬁﬂREPQ§5TﬂﬁNeR§A§%%%Sthroug

handl i ng chanber when being transported fromthe | oad | ocks t m @ yﬂmﬁﬁglﬂ
chanber and fromthe process chanber to the |oad | ocks . A por rates
the wafer handling chanber fromthe process chanber and a gate 20
posi t i onegRE@ireaaat ot hengoknverdion j vel y bl ocks the port to isolate the
process Chanb&hedlﬂﬁ'lel%gnt:hﬁnﬁbﬂﬂlcﬁﬁ| r&dBPs dﬁm&laﬂllgﬂ NG WwHdlcaeks ke port
to | oad qu unl.oad the w%aXl conventlonal né é%”llaﬁand S sonetlnes

used to treéanssﬁgﬁtngt%n SR G e ? h Thé Fold T ocks an e’par‘%%ess

chanber . sHRcifjcadnd Yn@ veester rh@w‘ulzgm avisygeny f@nteaulaéaa@lng presswgFenozz| es

directi ngagassd et §a§§n§é§££é{tﬂ‘y§ vargh i sSlehghbky §oVWBMET feddtIB iyl OWer
surface. The Qgas % %iz creah vacuum beneath the wand for lifting the
ofieh a‘IF?'Pe

waf er wi tholit bn?t ressures in the process chanber and waf er
handl i ng 30 clemventyangyl whthirespalkt reacoees ahavher tonanegisowthaniperpr ocess

Cyclfe ﬂ@:eiit&ch@ﬁ{dorﬁala@@ah f?% El%bé@d IQns«?&lM&gﬂﬁs v&g‘feirntr(?gﬂéﬁt iaotn of
gas from ernqul i .wan ri e waf.er adi nl_gadi st eps,
t he pressu?g i thg S?SCeEEa%% s l%mb“é&F%ﬁa ggP€H7L§§ﬁﬁhf§ % nay be
di f f er entdene®iting ppeeifraxiad ﬂhEemIErthﬁaWGfﬁngbBCWa@b‘@ﬁegé k¥eun wsen t he
gate is Qﬂﬁé&ﬁd}algaﬁpbyscﬁ'@éoélwl@iﬂh trhe p@ééeﬁpﬁfa%ﬂde&glhh@oﬁﬁ@éﬁ&f $ct 0
equal i ze t he % Ere |%ﬁghe chanbers . der (ge C|rgun§tﬁ &F t he
pressure UtF fe*enPtal’ ec"'aul%aen Wsht TR FHeh"gadOr i 76 t he
chanmbets ndwidughetheitr thes pedieirv endemfs. tlﬁurwah@r Ireicriingl adepdert @@ duri ng
DLG\%OUS feﬁﬂ@%‘} pRSs (Ega:}oﬁéhd'tﬁ{é)d%@egytl%@%l&% h:ag?ﬁggxougﬁeﬁh%eqagcess
chanber e waf er ndl i r an oad | ocks. as ssure is

equal i zed-F2RTPETERE) H@‘Edg%ﬁacjéﬁrég?oﬁﬁa 54 h@i ]Hfofﬁﬁtsaﬁlhﬁ% ?ﬂiijj &M 1 e on
waf ers, tiier asocteg adiamipetrhdior tdpeallicey. lAsks .r efulpqrt tsdprdgsisr dllee to
equal i ze fdvePressill §1d NchifodF 0SS Qhén%rocwstsh I LSS eal yalecke waf er
hand| IE(Q Lg:ohs%. J.onetc)ief OJ] ace% ni rf% tpor’éJa 1ect:|[nml§y I(J)Ioé}pg ngeg%'rgn to

isolate the process chamber during the chemical vapor deposition
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and unblocks the port to load and unload the wafers.
A conventional Bernoulli wand is sometimes used to transport
the wafers between the load locks and the process chamber. The
25 wand includegs a horizontally oriented paddle having nozzles
directing gas jets generally outward and slightly downward from
its lower surface. The gas jets create a vacuum beneath the wand
for lifting the wafer without touching it.
The pressures in the process chamber and wafer handling
30 chamber vary with respect to one another throughout the process
cycle due to factors such as introduction of purge gas or
introduction of gas from the Bernoulli wand. During the wafer

loading and unloading steps, the pressure in the process chamber
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15 Anong the several objects and features of the present invention may be
not ed the provision of a systemwhich reduces contam nation of wafers in
chem cal vapor deposition processing; the provision of such a system which
inhibits introducjng particulate matter in gas flow ng over. the wafer; the
provi si on §63§F5§hch a system whi ch equalizes the pressurP Tﬂk”?ﬁ@@brocess
chanber with the pressure in the wafer handling chanber; and the provision
of a systemwhich [imts the speed at which gas flows through the chanbers
to mnimze contam nation of wafers. B?iefly, this invention includes a

systemfo | 4.7 re re [ a a .sel ectively
bl ock a pé??a%egﬁfﬁggtg ?ﬁ§§a&vxa/ar$?rﬁ?h8%§f|g%§e clhrg%grwd%%a%%rn %)igéég %haanﬁgc?gr of a
reactor f&P HepbsWheRgthA éﬁF?akPaPPFB?gr RS ar $ePE T OFRIARMEY BhkEf grort

posi ti onedepﬁr&&mgota@esﬁarﬂkwﬁ)eb.eq'l{hﬂ.i&%estleénpz@gauirseﬁl &hb)r/maaa&ﬂoferxaﬁsage
connectin ce r.to r.3 I ng cha r for
transport ?ﬁ%ejgag&g%t ﬁ%ﬁﬁuﬁ;gga%ﬁreoséetgzjgc\lg’%ﬁi%'g?rgngggﬁ%r% learhL hcaa‘r%]ldlclaﬁlgsec hanmber
when t hé gereaninafieodiddan 9se for tilevniaco et fRanber? Hareldhdheianber to
the processs wintde regeher, f paceaial | ZdPieiRe8S AUt endep ¥BEILUE
process cga er, and tcge g/af gr ﬂa delréerﬁ% chanber..Thg g)éstgn]:él SO |nclsudes a
35 bypass® VR VE" 1O Pon88 &td %é]q y 5a8sTPEREIL S IFSHIBF R IFRRSSPS WO
00/ 52741 eha@¥1USO0he306F ecgoniardling ghambpd¢owand- Theughoade lbgpasss
passage. JhesdyRasssvadyeniaeddn OPeN sPOSLL]Qhdd) MAESH LASahs RaHEA ted to
fl ow t%ougltll tnrlnlena ass asssé% e.to eq%al ize pr sé}u%e lgi%t\/\e%n th r.ocess
chamber *aR @ Y HE VTS WahdIS 3 Eha%eragﬁﬁsa cr'658d¥ 5 p(%:iat F6R i ST ch gas
i s prevengedl ¥Hom Asow Hgsuhk ough itshdelsypabie pae upaligei she apregsverepr ocess
chanber fiamidepyadass anebedgweBRNORE . ptdeAGA tinORhet PEE &Y SHAMMI ARG udes a
flow rest rfnct or oesgotrieorged ?_.l ongttlé he tbrﬁypass passage for restricting gas
flow throﬁg%mlf%e ypass ngsﬁae o T3t pressure change 10 rates in the
process chanber and the wafer handling chanber when the bypass valve is in

the open peshdtProanrdd hekehyibe limt a nmaxi mumvelocity of gas flow ng

t hrough_t he bypass passage. | n,anot.her aspect. the inveption includes a
react o >f or depiEd i ﬁgea%’eé’ﬁirﬁgixiogpelc&ﬁergbcﬁ Lede M onabictd® WYy a 15
chemi cal ¥aportdupasivt iken notedesbecpnpyisian of B svessmewhihderreduass and
shaped f Obof €& nd HibrA of el £ UGt SheMBE LI vahbe MRS ctNBAbEssd1aRy ;an
openi ng sgéed fO[\r.I nserting Ehg waf erS%nt O\X&lagber .I’IJ.%I’ to thoe u(l:chem cal
vapor dep Ft 557 5?68853 nd"Fanovi ﬁﬁ R & 1170 l} 5 cﬁ%%eq after the -
cheni cal papoic@iRtdepesiteirohn prag dslowiTigeorenctier Watelrudebe apyeifieridmandl i ng
chanbepof 8t shadi BY sY@8temS whR BRI ef0al NE&L tERD HhAdHsUMe 31 OoRs Spehadeer and
retaining wafers after, remval fromthe pr ce'ﬁs g?anber. he_vvaf(ﬁr handl i ng
Chanber | PERRe D S Gr Rl POV AR THE GG RG0! heTBIBEss sexhar
formi ng apporisiwndcE systhe VEicmfldmitgnthe ngpedvhrisemwhioht drs pilosss
chanber t bhosighh WHL kHah@ewafl €6 RassezRenchRiNg: st ed kb0 the process
chanber and regpyeeﬂfrotg.tsheir{y %%esg grrllag‘oﬁrs ‘L:Ln addétlgnf t he gact or

i ncl udes a gate ¥or-Ysel €et vé )? F8EkKi na the porfyg%n ectl n%qlt“"h Warer

handl i B§ Bheg®ere t actpes proats cadamiad Thesgaeet heslyanb30oclhpen gsudi ti on
in which gbgngat hd Sa SRacead Haranithe chanbef Ok ol ASprbédis Wefdser YFO ot he

From the ERAREEF YT fBRSM L Vhpoh: HEbom t1 O rth o cPBRLEP BIS Bron i 1
whi ch t hewgbee pesigddnad dgaithst proeeporechanpepr.ev@he gastéhovpndricggh t he
port 35 aadpipasebyabsabat eoﬁﬂ@c@f%e@% chaddsds fdmdehe veafiefe Randd ng
Chanbegodﬂgllllgigirtlg;]%h%prlg(ranrc olr K%Qﬁ’épore :i.onsgI tgjla.g%é)gw%%%sghe l;lél‘c:tcggg’ chamber

and the wafer handling chamber when the gate is blocking the port

connecting the wafer handling chamber to the process chamber of

the reactor for equalizing pressure between the process chamber

and the wafer handling chamber. The system also includes a

35 bypass valve positioned along the bypass passage for selectively



WO 00/ 52?41 4 PCT/ US00/ 03059 the reactor includes a bypass passage
connecting the process chanber to the wafer handling chanber for
transporting gas between the process chanber and the wafer handling chanber
when t he ga&aicoosazep! ocki ng the port connecting the wafer hadisoegsos» chanber
to the process chanber for equalizing pressure between the process chanber
and the wafer handling chanber. The reactor also includes a bypass val ve
positioned along the bypass passage fog selectively controlling gas flow

t hrough the bypass passage. The bypass val ve has an open position in which
gas is peddﬁttxto&dli@ basf Ifawwt awglht ltaebm@assp@asaggeto agealbyaspr essur e

bet ween t C%,Ssa ct'@ﬂg%erpoaﬂq: tch A rom é ﬁ?‘s %etﬁe%nqoa f(‘1I sed

posltlon |n gas prevente € bypass passage
to isol at%ﬂtq\@hprfdteessymméﬁswa% tRe %ﬂzﬁarﬁmelsﬁglréh%é’ﬁeﬁuﬁlﬁg t he
chem cal pregadssdepesiddromiy ocesswaiébr Maaaaverng thembeachas andiwdes a fl ow

rest e o Qlodiasid] aned gl andakhe. BYRE9S AR8RAg LOTEILGRLE Ghing-fl Qe i ough

t he bypass passage ressu chan rates FGces Snber
and the VRfRASshEFHSEIE éﬁaﬂtﬁé?law‘?eri:ft%epw Shampe | sf-l‘loﬁ'1 tthe é\f@é

posi ti on rehitimer e&namrl | m trna a[EE&ﬁ.ltrﬂdﬂi\ VGiIQQI &ys@ém gascilawt ng 2Qowhr ough
t he bypass . RAss Ctl1ot atsrpeec[} present | nvent.i an | ncI udes a
or

nmet hod of opé:rla:tl ng posrleac or epos ylpngssa Sﬁ??am af Tayterrl o
seni condugasor £t eﬁfhlb%}lﬁ’ ciHeari lpassmpeas thgsoia | bimigr aeesssureTehamsiehod

conpri s@srddws &he@h@fpmSnghamBy@%&ﬁ th%sagﬁeﬁil&im&%@t bRGmSe PWRRAS S
chanber of tqje react Oiv H\}g\/at]; 2| handl | n chanb e react or to
u

permt r estT i Credf 'ew ?hjf% By pa%%la&él eerg%qﬁ% e pFessure
in the predsycyarbeitanet t‘ms v@mlmaﬁhrpnghcwmpaﬂh@aﬁeag@d al so

includes the stepmdthedPeyigedta Gaiee NStRABN hRNRACESS Ghaeer Fag the
waf er 30 Qandl I ngxgchanber once lprgssure S Jeaqual.ize ss _chanber

and the WAter DB | oA ™A 8e e@&ﬁSB§P8€°ﬁa¥’8£r?n Yhé
pr ocesss cthaiaal sfeaprngephéltquwﬁseww@mﬁbw a gpuoters otharioey

react ant Qiaz%d nteqt Beaseal Qf@xChﬁé’éEirvmbn St lsé!mé‘&@&&@ioxasxp@%r t heppr esent
i nvention incl udeg?ra%x_hr net hod_conpri si.n

t
soni cond RAHTEaaf 158 B8t TRl Bir ! i P RREPhy EMATRE 8 | oaded
process Cchami@d 5p7idr 5tPCHHESOChOBUSHL canber deprdit hon odwocrgs r @act ant

tgf}ts into fa?va@@ ]gdlechﬁ?&r £70We a%]hﬁgar@éet&g dfiddas tc%}ﬁanﬁtc%ﬂs wiporent i ng
er n as rom e roc S chahnper a ven as

restri %? % ?slq'(gvb “PhrRUYiT %3 rsxi’t pRAHGE ohite f‘?‘ﬂeés r@ac“fafpﬁtr g’é%‘qls}n\?ent ed
fromthe Qﬁqamm:esf@rc Isaabéng uﬂﬂen@emngr Ehyipmesgtpass ageo copmartdaasgst he
process Chaiiesr afywh ar@@éaﬂnt@ndgfags chapber rLRoPET MetroheHid Cﬁ]&ﬂ:efslsow

t hrough t ass ass ali.ze pressure in_the. proc hanber
and t he V\%Paé‘i?g and ag%aﬁ"rg‘épd Fﬂgq%mr?l?e(fn AEHA" BT ﬁ%? ‘g st eps
of openi nthea og@menbe@ﬁ\evé're trecpegcelsamigyr Eoambag arnbnth@omaeetlmmrrdia ng

chanbes s opcR: PHRSSINE gl ShaRbH Itzced;rien TrB@eBé %&&h%m@hgﬁnﬁhiae t\e«@f er
handl i ng chanber, and e

K’ % 1 lrom Eg Brogess aégjb o t he
waf er hanffti g RARERTeRG RS gbj é’@’fes ﬁﬁd PE8t bF8sPBPTHE '%? entl on
will be 15equﬁarfrqmpp’ah@npraqd% ncpambepoi ntled addithemrei ndfe e:reaCeref
Descri pti pfl-0fddd8 SLedi S selectively blocking the port connecting the
wafer handling chamber to the process chamber. The gate has an
30 open position in which the gate is spaced from the port for
inserting wafers into the process chamber prior to chemical vapor
deposition and for removing wafers from the chamber after
chemical vapor deposition and a closed position in which the gate
is sealed against the port to prevent gas flow through the port
35 and thereby isolate the process chamber from the wafer handling
chamber during the chemical vapor deposition process. Further,



Fig. 1 is an elevation of a reactor of the present invention with portions
broken away to show internal construction; Fig. 2 is a plan of the reactor '
of the present invention 20 with portions broken away to shown internal
constructlgﬂ) Flg. 3 is a schematic showing a systemg “ﬁ&ﬁ£ pesent

i nvention for equallzing pressure between a wafer handllng c er and a
process chanber of the reactor. Corresponding reference characters indicate
correspondi ng 25 parts throughout the several views of the draw ngs. WO
00/ 5274t 6 PCT/ USO0/ 03059 Detail ed DescCription of the Preferred Enbodi nent
Ref or I NG.QOWLooddie HANAS ANy dLPaId LA drhddlngl crd 3kAE 1S

designated in its entirety by the T ef erence nunb he reactor 10

conpri sesCRAThGcete ChgnI&G e handddng  SPAERRN i ﬁ@rcﬁ&ﬁﬁéiﬁ’oiﬁ“&%dgﬁﬁo | oad
| ocks 16apether( Eihg. pz?a;ceél'élecl—mnmeesandhan@emasz handil zed amdnisthrapednf or

recel Vi ng g SGIL LORGUEH 8EiNBL CEndl HBrkuTRR: @aﬁg the! A AALOGRSS ghgnber 12

rotates t Ing t cal vapor osition process to evenly

di stri b-'éut%hat“l‘ﬁﬁreﬁlot EheaPTPEgef FRRTERRY vifre©IUAA L 2N pRTF FRI 2 Hety#rled at
one end ofhd hropreesesamariasK &Belvm&lrzednﬁbtng nﬁfamib t'hlee wafaert oW i nt o

Lhe clambefes AcerhBus) Mbe2ds the 2 R1dn0h NG Pi0EeR0-L0aTEEA12

opposite t opening 2 connected to a aC| 3) for
pur gi ng r%ts&ﬁﬁcﬁégeh’dfﬁ”cq’féléﬂéﬁe%%s (ﬁ%&ﬁh%?rowkt&ﬁ\?eﬁﬁﬁﬁ‘élpaﬁé‘éﬂleng array
15 encl osthe bz_@aasur vabndshddhenrpropeasposhatdrerinl #hitheguaf £3 deamdlticeg

chanbey 1‘-;1 hQBS por%%)?as%nggﬁgﬁgg Eé‘eeq@%g%ggpgésé’&ré W R %ﬁess

chanber | ne ener esi gna connect i (r;ﬂ e waf er
handl i ng %rﬁ;@fseﬁa ERaTReH HEs tHRaBERT MR lidce cEaWPRESANY [ SdgReEhi
port 32 Ziﬁbswlmnbejrngwhmerged iBt @rardntedovedn§ faswtihg pheeesk ehanber

12. A gatg,gjg }Aaogsoavg ded, g;gs}oaf{c%t difie Qe 32 cﬁqamﬁske%&%%e%ebkﬂ%g clhe

port. The et ween "an open posi tion (shown)
cl osed po%?‘%qldﬁlgl ﬁlkﬁﬁ‘g’éﬁ gusing dehe st ate vgRPE deRPSLGHRN MHOSLRE - port
32. Inis heoﬁpﬁrerposhé i ctrblrel galheleMai SlRbrepactek s @nsstibeO@@d tal32gf or

| nserti ” Egﬁ %I%S%BSEQQ %‘?rce§% < ShAMey 12 And. L eon ”?F %r Legm the

chanber. rtion gate 34 prevents ough the
port to @«*eq%?@ Fﬁelmld-'c§§§séﬁé?rtfé"ran92 RS tlﬁetb\%ffb‘?"%ﬁd@i‘ﬁbb%éﬁﬁer 14
during theheheifiegahavapofig depofidy ahepl OR€Iypasth@agetei834iBkHeNebudes a

sl ot 38 sized | 'to%q%ﬁgié% %‘@&Er iﬁn‘lfggsﬁa&mxﬂr\’%ﬂogﬁ ana%!]‘A‘se Otwrlhéhl n the

open position. e positionad
waf er %%nﬂ#%@}bﬁé‘ﬁbéﬁiﬂsoﬁ%ﬁﬁ% the process chanber 12. Before and after
cheni cal vaporimepasidndthemedgyesct\V arte: Shwfsecht3Snvena icasdeicledés| acat ed

in one of Q ) | @oiRaxis] Q 40
havi ng a é%ﬂgg%t?gngggéglﬁi %’reac%@? forpgéﬁgg¥@1 aﬁ gpl ax Q?Er
on a semiconductor wafer by a chemical vapor deposition process.

The method comprises the step of opening a bypass passage

25 connecting a process chamber of the reactor and a wafer handling

chamber of the reactor to permit restricted flow through the

bypass passage and to equalize pressure in the process chamber

and the wafer handling chamber. The method also includes the

steps of opening a gate between the process chamber and the wafer

30 handling chamber once pressure 1is equalized in the process

chamber and the wafer handling chamber, loading a semiconductor

wafer in the process chamber, sealing the loaded process chamber,
and introducing reactant gas into the sealed chamber.

In still another aspect, the present invention includes a

35 method comprising the steps of loading a semiconductor wafer in

a process chamber of the reactor, sealing the loaded process



WO 00/ 52741 7 PCT/ US00/ 03059 wand 42 noves the wafers Wbetween the | oad

| ocks 16a; 16b ‘and the process chanber 12. The wand 42 has nozzl es (not
shown) directed generally outward and slightly dowward fromits | ower
surface. tﬂhscharged through the nozzles to create gRig@sshswm beneat h
t he wand 4 for ifting a wafer Ww thout touching it . Doors 44a, 44b are
provided on the | oad | ocks 16a, 16b, respectively, for inserting cassettes
Cinto and renmoving themfromthe | oad.l ocks. Each | oad | ock 16a, 16b al so
i ncl udes an el evator 46a) 46b, respectively, which nay be raised to isol ate

10 the poydnya of ahaelh‘é‘%@&éi gf fé%acd;aJn‘%C@a@ohﬁtagtﬁé‘es&élﬁé@tér?arr@eénd
handl i ng _chanber 14 when Ioadlngﬁand

associ at eq{ fe(r51 Ejrom t hf. (¥va

unl oadi ng **h&9684 POER. ToFhY Ft‘etaﬁ%r%sepo"‘f he’eBFbﬁ%s‘—s e 2 9

waf er handidmyghe hanbers sl dhandet rdroogt 4 owles Bfssadkbb raseritonimentfilonal and
wi 1 not hgRescthbagkdn égsgﬁé%dce Akt hongh ! BQ& 1£36heEs fQayebe used

w t hout _ de rQartlng fromthe scope of the present invention, the reactor of

the pret @5 SEG Fft' iandy t iFon PR tRPASAIS éé?(f‘t“(?lctéﬂﬁht § an ASM
Epsi | on Gneassdethéifberactioa . waleM haddEpsy lchambae tar efradereddyricegdst er ed
trademar ka_LoQ)( ﬁg%ﬁ ﬁegla§q{r>;9 'f:%tsggggoa%tt% 'e%u%lA%r £ s&f@ ‘in Ofth hoeni x,

Arizona. ‘As il ust irst vent assa% ext ends from t he
process GHARSSS Tharis F]h@ V@‘fserf PBRT e sherees - ¢ é‘nﬁ@‘?l%ﬂ‘ﬁpfa%‘écond
vent passaghch? 1ez¢neﬂds e ddps mf epehﬁmlla @t@hbé’b@éeﬂ.lltﬁe)rpr@ldﬂégisng gas

fromt h I Q&;kﬁé t of

whi ch :P(g C\gh%fg\%lr’?)r g@(‘?eﬂn r%g?nfeac gdélpoc }118@ 61lbé { E e l% éﬁugiil%l%regl ng
gas from¥hetPda8rPGERS. c?‘ﬁe‘bﬁifrftn erite p%lég%t‘@ehSBdEk‘f‘%n&PﬁﬁbF?omaf‘ e
process cfamtyenglZhes wafieectfedmt aHehepypraasoushamrent ionedthacivafey
exhaust I ] e second vent passage 52 and 30 the vent lines 54
ext endi ng nrdg'rtl1 ?%ﬁ?mb%iglocks 16a, 16b are connected to a facili ty exhaust
56. A choke v&HRE¥58P] %C‘fﬁ)ﬁn@i Sﬁéﬂuét%rftf- {the P??%ﬁnWéWeBEég%d@]@O

ext endingif pamtt Appprenesand hiamartl poliated eb @ tharddiyiacesikr ol | i ng gas fl ow
t hrough the vent passage. The choke val ve 58 has an open position in 35

whi ch gas |s ermtted to flow through the vent passage to the facility

exhaust 28 , g8ss chanber 12 WO 001 52741 8

PCT/ US00/ 03059"1gnd1 alsr emt étetratftgorp@m &1 ¥ d O YWBE cdheg @Eebant eqivdanttied from
freely fl h S t cild st. Asvmll be
appr eci at"gi thogggs%{;}ge%%a}?%? %rglt?jw ?ﬁwlerh;‘ﬁedo\#ast%elggggﬁ

el i ni nated andifi-t Pog€n amB] aFe AntthedFEBETPHL BF t hlae SP¥eFat v’éﬁ’tenﬁé%‘age 50
to |lined wiwdwporeavhbebpoloerserghambeholz. iAceniuieidnenalicback; pressur e

regul ator 60 g pOSj tigned Eagh%ttlggosq}o : veng%gﬁagg 24e 3} §s l'ine

62 connects thefirst vent gl)assage e secC ent pass to form
a bypass Pasddgen getler &AMy Blﬁ%mP@'ﬁ&PéHebWeﬁo’e%l%hwé‘éﬁﬁeétaé’ldtlhé‘gprocess
chanmber Iléhdnerh@nd a process chamber of the reactor.

Corresponding reference characters indicate corresponding

25 parts throughout the several views of the drawings.



waf er handling chanber 14 for transporting gas between the process chanber
and the wafer handling chanber to equalize pressure between the protess
chanber and the wafer handling chanber when the gate 34 is closed. Although
ot her mat ery y 15 be used without departing fromth t he -

pr esent in\%ﬁb?o?\m the bypass line 62 of the preferred eﬁrbcgf rr@r?tggl S nmade
of 1/" 316 stainless steel tubing connected to the vent passages 50, 52

wi th conventional fittings (not shown) such as Swagel ok and VCR /"
fittings. Swagelok is a federally regi Stered 20 trademark of Crawford

Fitting (et Of1dd Sel-andei Shi O t\f@ﬂz%f@ﬁ@@eﬁr%édfln(é%&i stered trademark of
Caj on Co.” of Solon, .Ohto. Althqugh 1t IS envis)oned that other

confi gur at i on&EEEFd et op? etdl%dlrﬁ%flgﬁe?)%‘ritlirhd’aﬁtdﬁf@ﬁé SRIPE oft 1t he
present iavexddtor, ishdebygasised iime 162 ofit ihetpriaf eheedefabackt arentmbex 25
physi cal | y, spaggd fﬂf‘%@‘g&?e 192D églé Lher ﬂ&%@s@xkﬁﬁ%gg &Broggmatf%?f gate.

A flow restrictor osition

on pass passage
restricPiPRPdtiaw tql?iaﬁ‘ﬁ?ﬁﬁ L hedBY pEex Wé’géﬁé STﬁéareég i @f’tﬁ 2 i fes the
pressure p:hamﬁ rahambart he2 priccesdz88 camdbesheard t ferwatesehaind i ag
chanber téb%%@éAh tvhe Hﬁ&zf@{k{ab"fé 961 £y Qe %%CEL;QV‘%MJF qugh the

bypass pass %}ﬁ cgﬁ anot her ow restrictor e used w t hout
departi ngt®raA% ﬁées%%%%r dugangtdie gherigaht YARPT 9SPPR&t 4R tPYRcerer r ed
enbodi nentotbeexfllyawdliesﬂbmt@r the eptetriahglugkye csucthaaswaredd. NURBNhO nodel

varyi b B LAt e R bas, T A ot re oo b g3 15 stk

PCT/ USOO/%@@E@WG&E@ b?{%S‘&@%eWG" lNGPrB £ schamlRter aPPyerRyrst ABF Rlademar k
of Nucl eatit Priedeeids ofothefpfdeisa ahdmbéhi D2 HMrdwigh thbheopeningc@2nay have
OLner ! Zesmplddiont oIZPAILING, f LOMIE BEIRT40TH | IR PLERGRNS RGN, (e

orifice o e pre ment 1S SIZ dd 1o € pressures in
the proce3d® chabeFie2PERESERe CHATEET hand |<Ff§1‘fﬁf5trﬁ9é#allzberartéﬁ9b@|rr¥gy
equal i zedendld=2g® btBaBurrosrdonthe andceBsechaeher ald.y the orifice is sized

to eaualize he,PLEsSEndl - a00MmIND 1kOpBDA obDrER, 5909005, TYg oot e

orifice size an ization~perio or t chanber

FOC
geonet ry Wy ‘Brée%ll%t éf moﬁed:h(f‘y Wsnﬁﬁaé‘thle&n 12Th‘é°oFiF$FE‘é &j A®Tfhi ch
provi des ¢dre=AAdtyeslesagnakedas2 pnconridmlingdegeadafigrt hendbier dHaaloety i s
preferr e;j% o K Yrolkes @ﬁg&glest PGt §;ﬁ9§§sftb ?&SJJ‘EQEQD?B hghpé’%i% Bgssage

so that e pressure change rate 1nt rocC I's substantially-
15 | es€0t'267 P648Ppi RS S ﬂﬁéog\&tdersmovgdﬁ?%é BRIIPSSESi ERdRPe A By pass
val ve 74 pasittd dredsappogidde djpasat pakes asert’ B2sebestlvet velontleks gas

fl ow throyrgg ﬁg&ec byp@ﬁ%eg éa??o 1 dhg; byp %gf% U4 msfé}le%%%ﬂt i ei tion

in which s permt roug ypass pas qual i ze
pressure ‘H‘é’c wesf Ph@lﬁ?%&s%ﬁé’ﬁ‘béﬁ high thEfRGre© h%cﬂf}en@aéﬁanber
14, and asezlma@apnsutm portwbch pashes opeaviesd B do,onhél gateg4at hsough
the bypass,nassage.t PnkSPLAL &4 NP RGERS: Oglama@rsf WO§ Afgetﬂ@ flocand! i ng

chanber during the che al vapor_ depositi rocess. fhough ot her val ves
may be usERETRShI®t ad@pafﬁﬂlorfgnzsthﬁfanﬁf% E}é%p"eh%'l'betrhe pTrre§ém Gleeeat i on,
t he bypassosdaivm,74tef ¢dree p3ef preechesrbgas mEbbwi shaoagh maheé y pekosed,

pneumat i caldy, ontolhedeoyal x&@&&cwsf&%ma OafBECL AMIIR REniEE Vo1 1C

val ve, connected to_a pneunmatic Iine pressuri z rce. Further,
al t hough YHhe 1w &g rqlmirca%zVaﬁarb%a%%lwr%/emm%@e 3FhseFat St é4unit s
in the3prfendet enbodinefitsiddd ite pBvinst oneteddat tbhpass ovhresfh ikekor and

val ve cozﬁ,&é)%e 'i:p%a%z?dtﬁé‘to%e%f %I %Qltg oyalve having a variable orifice

Wi t hout departing romt e Sco e present invention. A bypass valve
control l er, ge&msra nétsé‘cl ByP 8G‘re| PositisRAdcREd2RoePRe OBy 5B8s val ve
74 for sngaﬁn ngamdnblrtg/pahamhaivea CopfweA tler othe t sretes€edchasbétron2to t he

open pos'ééﬂ:ﬂ:e -crx?ﬁ after chemical vapor deposition, wafers W are stored
35 in a cassette C located in one of the load locks (e.g., 16a).

As shown in Fig. 2, a robot 40 having a conventional Bernoulli



WO 00/52741 10 PCTI USO0/ 03059 controller 80 generally conprises first,
second and third sol enoid val ves, designated 82, 84 and 86, respectively.

Al t hough ot her sol enoid val ves may be used wi thout departing fromthe scope
of the preg@isifavention, the solenoid valves of the 5 ppebgkiddosgnbodi ment
are Hunphrey nodel nunber MB1El1l 8.5 w 24vDC sol enoid val ves. Hunphrey is a
federally registered trademark of Hunphrey Products Co. of Kal amazoo,

M chigan. A pneumatic |ine 88 extends ;ron1a source 90 of pressurized gas
such as air to the bypass valve 74. Each of the solenoid 10 val ves 82, 84,

86 s poslahionedmal €80 idarPNaW Bt ethiag Bﬁefpcsa&qradl@i lisRg fbBVGLAAT ough
the Ii ne. V\hen t he sohemgﬁ gl veg, 82 8% 4§6 are hrough
oc byp

Lhe. | ves, & L0 £FRRI5T @6, fhih)

t he pneuna i &R
However , diffeatad 1gertenadid ys onsneird M\mlgml%dows@aml efmptentsailowéroms

through therddepnewmt iLs |di£‘§cl§’t§f§éa og%ddﬁe D asSz 2Rl ec derddtes 4T st
sol enoi d val ve 82 is nop fle‘%/ G S ada edtotg)}grmt fl ow t hrough

the pneuf&FHE™, ?‘?féeat}_ﬁbﬁ F et ]elllgé"dflﬁ’l ?:d'f ToHal 1 ¢ Eo3908RY from
t he chokétval Vi®38 Htawayibl aae @r@(mdledabnl ithe 932agndechei mgat haébi he

choke valpgpbsecideihe @@rrﬁgerﬂt%gngageét&wrb ﬂ;&%%&ﬁpr}%n@%ﬁa%ﬁew ve 84
p05|t|on d al ﬁEg he pg mati ¢ I|n<=l g E gormall sed but i.s adapted to
permt fI ﬁjﬁa‘?h ur’nat]:"taic(l:l PRE dBGh 1&Tei 6‘ SPELPRRR P si gnal
(e. g., M&D@yorrmﬁa 4fist eespentiveéler Wiockhimel beontaigesi ttoe igvéate |

oper atjgopnef pbbeléﬁa@f Ofhd Oré.%é&»iv@f 18832008k 864 TdiGR] thenN@aBBetddecthird
sol enoi d val ve 86 t|oe (ﬁ)g epneunalc#lne(ﬁy_\ls norrm%%closed
but is a& 888?61% r(?th FOOghts e L5he HRRET t0F | TRETHRSON 1Ae¥B8Yi ng an
el ectri c_é,loaslnggalan(ie uglloazzlu@C)thfer dmaghelagdt.e 3dclyr wagaoirem ef ethei cal
line 98 b@@gl BRadbRE 1ide tﬂ%t‘%va'f%r' nam& ré)om'lttﬂ g BHeALbhgugh

three so ids are_used in the erred I's envi sioned that

f ewer sol 8ﬁ Pd< eRay 168e X tGI‘PnEfFE‘EFOE%Jnt F‘Bﬁil 8?‘%1 wWhPholE GEBSFLPFY #Rom t he
scope & delteipr esdrhoupgherthen reacWox 0l G 2a%1bd LiseETwiiSOOID Sebar Thus

confi gur edont RebyRage Vs V@héo?ké&laﬁ@f 1 80ePerdi t Stﬂé’er@é/@@% Yalvge 74 toO
ate 34 S|n ecose%{)om ion and

nove to the o po on when

the choké’r\‘?ﬁFgEe%se’iﬁ%ociWePﬁelf‘e%t% €Phg°opd ﬁHJ&ﬁ‘Xl%lBFe%ﬁ"r tH6raP S
t ransducemsAs¥?, Egdil cir ©nedsimbileheB?2 ateauydrhe REMt apd sk v Oardatée
bypass "f'é%e@%li? NRaSGHE e Adie Wx%%i%%%kef bhe gavarited NQdmieBRAEELYE

| ocati ons. f pressures are indicative of the pressures In the process
chanber® f’?tefﬁ@ BT ¥ednd Ty ChaRBeenis 4dZ°R8 1 oad | ocks 16a, 16b.
Thus, the 10 fpand(tiuserscelDZin ¥Fi4.may befiissd tventc qrefsgayet Bat eikhengs essur es

are equalﬂrég]d £l tp*i%c%@@”*&%%ﬁxbeé‘ &EO‘fQQ QLQSEn%r gasdyeshs cHBY phecussd

W t hout d tin romthe sco e o0 resen |nvent| on, h transducers
of the prcg‘la PEd &di FRFRH eW§?1%%eeqp MATHEFE 3Bt ’6?)‘106 A B2geY
bi - d|recﬂmmdlungn$@ambes_lWKSqnspurglng gas from the wafer handling
25 chamber. Separate vent lines 54 (only one of which is shown)
extend from each load lock 16a, 16b (Fig. 2) for purging gas from
the load locks. The first vent passage 50 extending from the
process chamber 12 is connected to the previously mentioned
facility exhaust 26. Likewise, the second vent passage 52 and
30 the vent lines 54 extending from the load locks 1l6a, 16b are
connected to a facility exhaust 56. A choke wvalve 58 is
positioned along the first vent passage 50 extending from the
process chamber 12 for selectively controlling gas flow through
the vent passage. The choke valve 58 has an open position in
35 which gas is permitted to flow through the vent passage to the
facility exhaust 26 for purging gas from the process chamber 12



15 a federally registered trademark of MKS Instrunents, 2nc. of Andover,
Massachusetts. Pressures in the process chanber 12) the wafer "handling
chanber 14 and the |oad | ocks 16a, 16b vary during the chem cal vapor
depositionvag&ﬁsﬁa. When the gate 34 is closed, the 20 dﬁ&ﬁﬁkﬁﬂ&ﬁsﬂ”
pressures can Increase due to many factors, which are well un ers?ood by
those skilled in the art, such as the introduction of reactant gas and
purge gas) and the introduction of gas,through the Bernoulli wand 42. The
system descri bed above equalizes the pressures or~ opposite sides of the

gate 34 t0,2% PLEVENM: 985 pbEM EHSHY Qﬂiéﬂrgﬂég':’éstP@smréte?nzfﬁ@rﬁrfrfe%gggate i's
t he cha

opened and_ t here to prevent particulate ctontamnates in C rs from
bei ng di shEPWEW d:ﬁ’tI Uohe th&F ¥F8E PRESPPBCESSERY IRFEh heX@¥etor 26 of the
present iwl/EntHeonppseopeted gy whbkenei Hedeacthdedkt ,3@8hBetlosliee thaveaf er W

is | oaded:z4n t I t a s
: nt roduce?:lé i %‘1%6 ?ﬁeg%%%zé}s&&;ﬁga@ e?%ég;eéltmhr\%g %eﬁtaﬁ]o%g%? gtrl?%?hghgljrfaces

of the prbteds VERANBRPSRF i3 thr e¥Pbus IOe fF€H| ERA PEHOGERoSFATRST d¥cl es.
The et chamtconseptigedl fbaak phespuoe erguthaobedo 12, pddie ichheldeaveiyehb8 is 35

noved to ALtk CLLD sé¢4ion and the bypass passage 70 connecting the
process c%}f‘%er an Fhegexg?er handl i ng chanber 14 WO 00/ 52741 12

PCT/ US00/ 03053 P¢PEFEn&HE of DeiTAnectEstRR ct Bt VGt RRSEZES tH sy 5Ass
passage assekdral eqetat | paspagssre i fbem protBsRsehapddagend ddireraafier

handl i - r.. e presst LSnSoa ized i h 12 and
t he m?gr&%%tﬁgoé arzgéﬁﬁg{;ﬁt%%n gate §i‘%b8'€:\%§%%§58% e e?&%egs%bghgnber
and the WAET hBaEH} e cRAABRET | d4opitedt BREPRPEERS 0¥ PEEVRRE eF P i s

| oaded i nprodds pelooassr chadbathe Thefevaf BandVirgy sehbtditer Ntbheeduaaded

process Cﬁf’é@ﬁ{ 1 0S| e 4qgi§éfp i I cry ._and
react ant %éas I Srel ﬁ?érq%ﬂ uéled&%t %P,ftg%e segﬁ% C a5 %rg'%{% eagggi tﬂaglﬁq’ég t axi al
| ayer ont©P3MReTIHNGRIEIE @ALE At dhFeREFBnaPlRFRANSR otirremabfr it BRY al

| ayer havbdag uske desthied t epltresagi sSExteposheedscdde wEactaat gasens vent ed

from the H\%‘ﬁﬁ]%n;hgﬁq%%rep%\%st QU E?etﬁ’ee%t&e%??‘é‘@eenﬁ:%dqugPE & Rﬁééi‘ge s

at least partiall once the reacta as I's vente romt

process charrbeslETRE2PYHESS TerlaG@PTDd coPRIGSRy tOnERDr PR PASFARBEr 12
and t he waf erszhandhi agnedattbeiall £iics iapenatbd GHyam butkSid | i 1bkOw

t hrough t bypass .pas g@@] equad,| essure i OCESH er and
t he mferg&ﬁ%ngﬁiﬁng /?haf er.ﬁ%fc_e ta_éh“,eaéérlggsusl?% |§n ftzehc%aem%lrlclgé{ess ng%%g!ri 12 and-
t he waf@rtrRafmanitg oénardetond Bt 4iadshpts i ef entayplegdal Phéa; tHR d&te 34 is
opened anfleddmaligf eredi/dteneemuvedidvaai tdfe (HmesSo chafba&wlual, n@htibe r obot
40. | n Vil e Aoy Cont o Mildg Bhseon dAlcddin SE%RE BhaOBLEESS KT the

i nvention are achieved and other advantageous results attalned. 25

vari ous cHEORFES cytFoBe rnRRAT e T4BBY et RONKTWEL | BAs Wit hdARes@Bparti ng

fromthe toopeioh,t vhel mygnissor,ind d2 dmt e eprd featreall lemmidtieenconkai ned
n the;abomes desal] BbLOM RCANINE Satd he 2aEAUPANYNG. LA 19T rihabh be
interpreted as 1llFustrative and not I1n a limting sense.
the gate.
A flow restrictor 72 is positioned along the bypass passage
70 for restricting flow through the bypass passage. The
restrictor 72 limits the pressure change rate in the process
30 chamber and the wafer handling chamber and thereby limits the
maximum velocity of gas flowing through the bypass passage 70.
Although another flow restrictor 72 may be used without departing
from the scope of the present invention, in the most preferred
embodiment the flow restrictor is a metering valve such as a
35 NuPro® model SS-SVCR4-VH metering valve having a variable orifice
for selectively varying the rate at which gas flows through the



WD 001 52741 13 Clains WHAT IS CLAIMED | S: PCT/ US00/ 03059 1. A systemfor
equal i zi ng pressure across a gate adapted to selectively block a port
connecting a wafer handling chanber 5 to a process chanber of a reactor for
deposi t i ngwanoepui axi al | ayer on a sem conductor wafer peertsavadssi n the
process chanber by a chem cal vapor deposition process, the system
conprising: a bypass passage connecting the process chanber to the wafer
handl i ng chanber for transporting gas ¢etween the process chanber 10 and

t he waf er handling chanber when the gate is blocking the port connecting

t he waferbybaadlpa@a@ammer NmP:tdne.spaote@sra:JH@rmegieterhé Akl of

equal i i R RELESPEEabElIE e 0l %@%ﬁdchﬁﬁ?ﬁr Ak AdEnRker JbagdLing

chanber; )C(Wss va posi ti oned ‘al on ass passage
sel ecti vélay ©r (S’Itlhieﬁg Sd&§sf IWd\EhPHFoGSHaFEén%y B8 }é%sﬁij%Pet‘HE B?%ass
val ve haviregean apeanpidshi i ite i o inthiceh cgasthes ;pﬁ’ﬂﬁxfrteﬂd emboBlimant hisugh t he

bypass 510%3 Qetéﬁp%}é%' Sp%§é$ f%"‘@ﬁé‘ fpEharber, apf.t he
waf er Ii ng c ose posi [l gas |Is revent e
from f| oWerh§Tt heBAYRNT h%h?‘eb?ﬁ/p]a% TRIE RRj @@@&P&?é ﬂﬁelﬁﬁﬁcgeéncﬁanber

 from t he ssabed, handllnaig phafbesbiurdnrgotrbeichens edlzedaporeqlefidsiet tha
Process, p%‘ésﬁré%o‘ﬁ!’n %f%}o‘hlt‘?ttw cﬁ Ligned plongst c?r[lc?.%' pas%hBa%éﬁgﬁ%
the 0 re change

restrictin | ow t ypass passage t press
rates in qq%élﬁﬁoéb%% %@Sé’ialaﬁat%% Rt ird HeidERAgPRRaHIERVRERCER® bypass
val ve 1 dhanbbe gpeneppgi hapnband teesehyndd by niper imxcadiviel othéy of

gas 11 oviq ARLoudhel i Y35 AASRA0E. e DN A1 114, POT/ LUSODL0E050 2

Asystemas set forth na first assage extends from
t he pr ocE€greRansehtorafergi Fplgay flrsonﬁnfﬁh%eﬁﬁet‘i’cessTEﬁaﬁﬁé icqhetePn a
second vemstmassag@a&xtﬂm thetughe vhaf eyl pagsadanier dioat pungi ng gas

fromthe ua rQ@ﬁéﬁ#@ étt%h%b%e ;ggcgcém{ber aﬁab%r@ﬁ%@%ﬁist%%ﬁ!??ss

passage gxt from vent e second vent passage
less than possible when the gate 34 is in the open position.

A bypass valve 74 positioned along the bypass passage 70
selectively controls gas flow through the bypass passage. The
bypass valve 74 has an open position in which gas is permitted
to flow through the bypass passage 70 to egqualize pressure

20 between the process chamber 12 and the wafer handling chamber 14,
and a closed position in which gas is prevented from flowing
through the bypass passage to isolate the process chamber from
the wafer handling chamber during the chemical vapor deposition
process. Although other valves may be used without departing

25 from the scope of the present invention, the bypass valve 74 of
the preferred embodiment is a normally closed, pneumatically
controlled wvalve, such as a NuPro® model number SS-4BK-V51-1C
valve, connected to a pneumatic line fed by a pressurized source.
Further, although the flow restrictor 72 and bypass valve 74 are

30 separate units in the preferred embodiment, it is envisioned that
the flow restrictor and valve could be incorporated into a single
valve having a variable orifice without departing from the scope
of the present invention.

A bypasgs valve controller, generally designated by 80, is

35 connected to the bypass valve 74 for signaling the bypass valve
to move from its closed pogition to the open position. The



3. A systemas set forth in claiml wherein the flowrestrictor is a
metering valve having a variable orifice for selectively varying a fate at
which gas flows through the bypass passage. 4. A systemas set forth in
claim3 wh i e orifice is sized to prevent equalizat essure in
t he procesgﬁﬁﬂgﬁ%gr Wi th pressure in the wafer handling gkﬁﬁgg&;ﬂg | ess
than second. 5. R reactor for depositing an epitaxial |ayer on a
sem conductor wafer by a chem cal vapor deposition process . conprising:. a
process chanber sized and shaped for r%%eiving a 5 sem conduct or wafer)
a0 DI OCESRANATReT o DU DG AN 10PeaLAg SlAedsL oL, | el diag Lhe walien | nto
chanber prior to 0Sition process and renoving t
waf er fro?ﬁ%%léhaNBéVeafteff‘e%Wélaéﬁém Ba} vhoraidep8Si t | BRERAVEIEIY - a vvafer
hﬁng{) i ng xhardeh B_(‘)heﬁtsigjelm@1\d/a‘5£1\8e$mbgrk|)é @s28 wigesdd ﬁ@phﬂﬁﬁlé e ofar ocr:]ess
chanber r i_ni e r t e
Ak (D0 v Br s ol el g s LT, Blecaes chaber, th

waf er ha I ng pening ali eni ng o

process> @mﬁ%rre@e¢WW@%ér? %‘6@1\"@?@’ n@O@GPﬂe nyeber Ml |8n§ ¢ R4BEr to
t he pr OC%@&f&lﬂﬂeﬁaerEéoughuMbhﬁé'ytiE e e rPas e se el "G-aemargert ed

into the CFE q_g,.ﬁ% r% g‘%orﬁdugng Lemye aa‘ra%nF%he IJPc%C % chanber; a gate for

sel ective 5F t~ Torned andllng chanber to the
process chanbé’f pnteﬁaaea@elmﬁﬁgezaf?@réfb%rfrﬁssﬁwwq% S@hPE PrarEuFaredi s
spaced frgua thepard diof to \m&%@azél vadveGi4 USORY 3050 e istsenbiag

waf ers, 6”&%%@6 Proggss g Sn‘roFEJSl :p?lgdtgﬁgrﬁ caI nef‘}RQE:LgeP Sltl gORg gnd for

renoving wafers fromthe c er C a or dep osT1i &n &R

cl osed poeentxsdliiponhiew througdt she slins eHha@aﬁl‘rﬁstsoﬂﬁéob@r‘fa]t\tﬁspﬁévent gas
flow thr oaxgh é@ea]p@r&wésh t fhelrxebmdvsodratcmgtme;rﬁr m@aaemarrmehef gomikhe

waf er ha £2 ghagb%g d%g 0915Qenf S B Ose Owev 05|t|on rogess;
bypass passage conne quh pProcess ¢ o war er %an chanber
for transpur tinigrgds velveans? he84pr (f(ﬁesas}fecl?a)ﬁberaaﬁdﬂé%es vﬁ?@ughaﬁgﬁl ng

chanbers whesunddta cgat £nd s sbl Q;Qakldikgari henpoblpeoaneat iy8g 7uhe waher thasdl i ng
chanber t o] r%m%r §%% Gha é?‘f’}? Sﬂﬁé‘%zﬂu@ preséagat%db%t Vel

process c er an t he wa s Val ve 05|Floned
al ong theflbgiba%%r%atg*@fwewtéallﬁé}ey mrréﬁqeiwgnga@nflqi«ﬁqtﬁﬂsaéh t he
bypass passfgs, t8egbypasspypl ¥eohawwheg éibkepevapasi & obyi rwaghieh gas i s
permtted flo r Qug S S q €. press

bet ween - ]?%Ct&qrc&%e\gsl %h?ébgrnﬁﬁaggﬁg %hB@ §ﬁ 5?‘ 8 vﬁi{ﬁ% i8 gﬁdwalgcl osed
posi tidh #?ﬁ%ﬂ%’-ﬁngasmﬁétﬁ@’éven?% F95A Isehengid h‘r'%)l,m &%é’%&@@leéassage

t(r)\ i sol ?tﬂdﬂ@e t?éopﬂéﬁmaimahef gOmd fiﬁ‘)ﬂiﬁﬁ@? dedHld Bt Cha B didr tagdt he
chem ca r siti,on ocC a flow restrictor, i tiqne

al ong théﬁﬁgbass%ggssage(?é¥lrgggrléF?ﬁg'#Fow}%%rougﬁnth :ggégapgssage to
limt predtteicRangiondt € -Bn/ 131 oEESR cHaRBRF %rpﬂéewa?‘feﬁﬂhhahdl i ng

chanmber w@itddle hHeasvevral¥eopsratidheodHpie pasictioen 1andyt kayeby 4h to
limt &5 n@f‘éc@i@c\éﬁl Pfﬁé y9<SQf B tfhligwi chléﬁgi%uggl$gea6b¥8§§éioned along
the pneumatic line 88 is normally closed but is adapted to permit
flow through the pneumatic line upon receiving an electrical
signal (e.g., 24vDC) from the gate 34 by way of an electrical
line 98 indicating that the gate is in the closed position.
30 Although three solenoids are used in the preferred embodiment,
it is envisioned that fewer solenoids may used with other
controllers without departing from the scope of the present
invention.



passage. 6. A systemas set forth in claim5 wherein the flowrestrictor is
si'zed for 'restricting gas flow through the bypass passage so that the
pressure change rate in the process chanber is substantially |ess than when

the gate i%vd(ﬂvs%‘h? open position. WO 00/ 52741 16 PCT/ USQ@Ykdfedse’- A
reactor as set torth in claim5 further conprising a vent passage extending

fromthe process chanber for purging gas fromthe process chanber to a
facility exhaust and a choke val ve poslilti oned al ong the vent passage for
selectively controlling gas 5 flow through the vent passage, the choke

val ve having aRh,epeihPflddOnchd MLy %ivgsg&%xrﬂ-ltlte‘idSBO%éﬁﬂWsl hraugh the
vent passage to t he rocess

iue ffCl I|t§ exhaust for purging rga?lgfro
chamber 255y ¥&tY¥F ot ¢ POYFtFRT %O\Bﬁpcﬂoghgl? WRES FREtBRET PdmFreel y
fl owi ng tihr otigh tdiesedntppaissiage aodt Hédef achoke y vadvexheustis wirer €éha t he

bypass valaseGent hgl b&sipesdmi ts the bypass valve to nove to the open
position when_the. cho

e ke vallve is.in the restricti npg ositiaon.. 8 A nethod
of operating B F8AEEST+FHH GERBEFLFRES 4 2eptPLRFSl c?%felupn&ﬁ A SFEBnduct or
waf er by venthemissabevapoandeposibymasprlanes $2conpnessunce tthe strepsuce:

openi ng & HYPASEaB28820Re CPNAELId NG R AIREEISnshaMPRLs Of ptdies B heagtor and
a wafer ha dllng chagbq{ of the reactor to 8ermt restricted fl ow_through
the bypas®P5esdys hdoPEGEEIFSR It &86UPECTRE]R Wé‘aﬁi’&c',‘eéé'cfrl%ﬁrﬁ’é#ﬁnd t he

waf er hanidindignghairbgberopéniarg algat kodakbt Wedrs t béa prbeless Tharbethand t he

vaf er fandlinag,eBagbes, ONEes LS U §1det @BURLhZ SN | Phdther iy %%gu}gschanber
and t he wafer haridll g,chahnber; | oadi ng .a sem conductor wafer in the

process AREn5a214E5F1 A FRe FRAMRST Sor oddddoughnplleT i WEAHNGSTS Fa¥ct ant
gas i nt o heheused| edidivartbedepenting tfhmomr eabtandcaees bfonthdée presesss

chamber thHRWGRCLD Bnd SNt NARRRAGE oFCShE | B1d NO-{oBnbBA DHG: (e YREe

passage once _the reactant gas is_vented fromthe process chanber; repeating
the st epdHelopehPreh %4?@%38&99'%3%'3%&%"(?&ﬁﬁ@&f?ﬂd:lfaﬁqub‘tc@(?éss MK iBer and
t he waf®ra hstHdrald ychadieteard apedengrR0 ofheKgatimshetwerhst h&npt 00€ss

chanber apfhdt e, Wabskabansd g chanber once flow through the vent passage

is restricted,. and renoyi n% the wafer fromthe grocess chamber into the
waf er handlin5r€ﬁﬁﬁﬁﬁ?.ln he process chamber 12, the wafer handling

chamber 14 and the load locks 1l6a, 16b vary during the chemical
vapor deposition process. When the gate 34 is closed, the

20 difference in pressures can increase due to many factors, which
are well understood by those skilled in the art, such as the
introduction of reactant gas and purge gas, and the introduction
of gas through the Bernoulli wand 42. The system described above
equalizes the pregsures on opposite sides of the gate 34 to

25 prevent gas from rushing through the port 32 when the gate is
opened and thereby to prevent particulate contaminates in the
chambers from being dispersed onto the wafers. The process by
which the reactor 10 of the present invention is operated will
now be described.

30 Before the wafer W is loaded into the process chamber 12 of
the reactor 10, an etchant is introduced into the process chamber
to remove material left on the surfaces of the process chamber
during previous chemical vapor deposition cycles. The etchant
is purged from the process chamber 12, the choke wvalve 58 ig

35 moved to the restricting position and the bypass passage 70
connecting the process chamber and the wafer handling chamber 14



WO 00/52741 17 PCT/ US00/ 03059 9. A nethod of operating a reactor for
depositing an epitaxial |ayer on a semiconductor wafer by a chenical vapor °
deposition process conprising the steps of: |oading a sem conductor wafer
in a process chanber of the 5 reactor; sealing the Ioadedcgr§&§s§;chanber;

i ntroduci ng"*?¥WS*Ant gas into the seal ed chanber: ventind CHEYRERt ant gas
fromthe process chanber through a vent passage; 10 restricting fl ow

t hrough the vent passage once the reactant gas is vented fromthe process
chanber; opening a bypass passage conﬂ@cting t he process chanber and a

vaf er handl ing, charher Lo, perill. 1 &ald itad LLowd hnoudhthe Bypass.passage
and to equali-ze pressﬁre 'h The process chanber 95 and e wafer ndl i ng
chanber; apbrihERigddre prerecnet ke proceBecesfarmiwmberd ake thef ¥RrfRAENdI i ng

ﬁhagP_er qxfmnlgmgsw@gnbbs.eq@dez%&eis@#&ee fiar egassigbantar caadpirbeewaf er ]
andl i ng chanber; and. renovi e er .fromt LOC c r.into the
waf er 20 cfcﬁfln eirnéz cahnadnt'felSa . wég?qli:t_h.aﬁ,d ggx.l%\; Cﬁa."%e.rAgng&_h.eA(é???A%?Fg%%@?ﬁ

. Aar . A AG@IR RraEeas . Fianker gpd the wafer handling chamber is opened and

a semiconductor wafer W is loaded into the process chamber. The
wafer W is sealed in the loaded process chamber 12 by closing the
gate 34 as previously described, and reactant gas is introduced
into the sealed chamber tc deposit an epitaxial layer onto the

10 wafer W in a conventional manner.

After an epitaxial layer having the desired thickness is
deposited, the reactant gas is vented from the process chamber
12 through the wvent passage 50 and the passage is at least
partially blocked once the reactant gas is wvented from the

15 process chamber. The bypass passage 70 connecting the process
chamber 12 and the wafer handling chamber 14 is opened to permit
restricted flow through the bypass passage to equalize pressure
in the process chamber and the wafer handling chamber. Once the
pressure in the process chamber 12 and the wafer handling chamber

20 14 is sufficiently equalized, the gate 34 is opened and the wafer
W is removed from the process chamber using the robot 40.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

25 As various changes could be made in the above constructions
without departing from the scope of the invention, it is intended
that all matter contained in the above degcription or shown in
the accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.
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, " 10%p&te) skhe @IdPg [ dck- a port connecting a wafer handling chamber

5 to a process chamber of a reactor for depositing an epitaxial
layer on a semiconductor wafer positioned in the process chamber
by a chemical vapor deposition process, the system comprising:

a bypass passage connecting the process chamber to the wafer
handling chamber for transporting gas between the process chamber
10 and the wafer handling chamber when the gate is blocking the port
connecting the wafer handling chamber to the process chamber of
the reactor for equalizing pressure between the process chamber
and the wafer handling chamber;
a bypass valve positioned along the bypass passage for
15 selectively controlling gas flow through the bypass passage, the
bypass valve having an open position in which gas is permitted
to flow through the bypass passage to equalize pressure between
the process chamber and the wafer handling chamber, and a closed
position in which gas is prevented from flowing through the
20 bypass passage to isolate the process chamber from the wafer
handling chamber during the chemical vapor deposition process;
and
a flow restrictor positioned along the bypass passage for
restricting gas flow through the bypass passage to limit pressure
25 change rates in the process chamber and the wafer handling
chamber when the bypass valve ig in the open position and thereby
to limit a waximum velocity of gas flowing through the bypass

passage.
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3. A system as set forth in claim 1 wherein the flow
restrictor is a metering valve having a variable orifice for
selectively varying a rate at which gas flows through the bypass

passage.

4, A gystem as set forth in claim 3 wherein the orifice is
sized to prevent egualization of pressure in the process chamber
with pressure in the wafer handling chamber in less than %

second.

5. A reactor for depositing an epitaxial layer on a
semiconductor wafer by a chemical wvapor deposition process
comprising:

a process chamber sized and shaped for receiving a
gemiconductor wafer, said process chamber having an opening sized
for receiving the wafer into chamber prior to the chemical vapor
deposition process and removing the wafer from the chamber after
the chemical wvapor deposition process;

a wafer handling chamber for staging wafers prior to
insertion into the process chamber and retaining wafers after
removal from the process chamber, the wafer handling chamber
having an opening aligned with the opening of the process chamber
defining a port connecting the wafer handling chamber to the
process chamber through which the wafer passes when being
inserted into the process chamber and removed from the process
chamber;

a gate for sgelectively blocking the port connecting the
wafer handling chamber to the process chamber, the gate having

an open position in which the gate is spaced from the port for
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connecting the wafer handling chamber to the process chamber for

30 equalizing pressure between the process chamber and the wafer
handling chamber;

a bypass valve positioned along the bypass passage for
gelectively controlling gas flow through the bypass passage, the
bypass valve having an open position in which gas is permitted

35 to flow through the bypass passage to equalize pressure between
the process chamber and the wafer handling chamber, and a closed
position in which gas is prevented from flowing through the
bypass passage to isolate the process chamber from the wafer
handling chamber during the chemical vapor deposition process;

40 and

a flow restrictor positioned along the bypass passage for
restricting flow through the bypass passage to limit pressure
change rates in the process chamber and the wafer handling
chamber when the bypass valve is in the open position and thereby

45 to limit a maximum velocity of gas flowing through the bypass
passage.

6. A system as set forth in claim 5 wherein the flow
regtrictor is sized for restricting gas flow through the bypass
passage so that the pressure change rate in the process chamber

is substantially less than when the gate is in the open position.
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from freely flowing through the vent passage to the facility

10 exhaust, wherein the bypass valve controller permits the bypass
valve to move to the open posgition when the choke valve is in the

restricting position.

8. A method of operating a reactor for depositing an
epitaxial layer on a semiconductor wafer by a chemical vapor
deposition process comprising the steps of:

opening a bypass passage connecting a process chamber of the

5 reactor and a wafer handling chamber of the reactor to permit
restricted flow through the bypass passage and to egqualize
pressure in the process chamber and the wafer handling chamber;

opening a gate between the process chamber and the wafer
handling chamber once pressure is equalized in the process
10 chamber and the wafer handling chamber;

loading a semiconductor wafer in the process chamber;

sealing the loaded process chamber;

introducing reactant gas into the sealed chamber

venting the reactant gas from the process chamber through

15 a vent passage;

restricting flow through the vent passage once the reactant
gas is vented from the process chamber;

repeating the steps of opening the bypass passage connecting
the process chamber and the wafer handling chamber and opening

20 the gate between the process chamber and the wafer handling
chamber once flow through the vent passage is restricted; and
removing the wafer from the process chamber into the wafer
handling chamber.
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9. A method of operating a reactor for depositing an
epitaxial layer on a semiconductor wafer by a chemical wvapor
depocsition process comprising the steps of:

loading a semiconductor wafer in a process chamber of the

5 reactor;

gealing the loaded process chamber;

introducing reactant gas into the sealed chamber;

venting the reactant gas from the process chamber through
a vent passage;

10 restricting flow through the vent passage once the reactant
gas is vented from the process chamber;

opening a bypass passage connecting the process chamber and
a wafer handling chamber to permit restricted flow through the
bypass passage and to equalize pregsure in the process chamber

15 and the wafer handling chamber;

opening a gate between the process chamber and the wafer
handling chamber once pressure is equalized in the process
chamber and the wafer handling chamber; and

removing the wafer from the process chamber into the wafer

20 handling chamber.



