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MODULAR AND READI LY CONFI GURABLE REACTOR ENCLOSURES

AND ASSOCI ATED FUNCTI ON MODULES FI ELD OF THE | NVENTI ON
wabaopewsent invention is related to the fiel dP@F/US2009/042281

mat eri al s processing systens, in particular to

chem cal vapor deposition (CVD) systens, and provides

"YODUL ANRANB R DIEVHONFICURABL ETWA LT ORFNEVOSURES
r’econtt gur ed 4ep IR0 ENerEPIUNLG I0RPNRO U LERT VI dual

CVD processesS, | udi ng ing ex

nmonitoring of conditions internal to a chanber.
BACKGROUND OF THE FNMEDNDOTHEENVENTINYor deposition

MR Bl es gt e BT e M T SRS B
POAHGE ; e -
P B R AT S, O R eactor
encloempehattaan ds readdy camonfigued tatmeoshh speedic irads efondvniupl CVD
QCCur.. %D reacﬁor chamber s .tf ar sgm’ otnducttor ¢ hamb
ProcySg dAUVHRE BT HDES CURY P 0% 8L RS {NpPaLigdgchamber.
gases enter above and flow vertically downward towards

a growing wafer (see, e.g., US 6,167,834), or so that
process gases @ CKGROBNDLOF BHEINMENTIONe chanber

and. fl ow haori zontal | y 0ssS . th row ng wafer. (see, .
o gt s BRI G MRS o SR MET 'BF Repiconductor

arts,@fg. o @ene aad biocedsivedfbdlof sdraiRendusting aiatddiats, ZOVID glrodeb@Ware
chanmbhers are often of a generally rectangular with

condyetsdds § VJAgesstor chainbrgs drsignsd e HF%W%Q BRdIeemppratsey and
COH&&@&&O%& itﬁ&‘@oﬁﬂ&nl?é&%r. The latter types of

reactors and I nprovenents thereto have been
ex (B3 raseloy chiaslenrs foederfieadudctorgprocdsiing a@28ni2@stily configured so that

4,836, 138; 5,221,556, 6,093,252, 6,143,079, 6,167, 834,
PrOCESSABECSABICT 40P afl,dlfg%”,’ Zﬂ‘@f@lﬁ’éfﬂj" L fQ5rareha gtoayiag E@gﬂ ?See’ -8

US é,%‘é?ﬁ)?&%%ﬁét%rmd%ﬁ@ eS&erHt @ lﬁbﬁpsiéé FPHE cRAMBYSind flow
heated. Certain chanmbers, known in the art as "hot

horiygaitally, acarse thregrpethgpyaldr (sec telgy, BB dtS2RG2¢ heV atiastftrw chambers are

walls, t l.nterior copponents ing Jindirectly heated
ofteih g1  Sen 15 S EF e rPBIRT PRty plehaprip ohter SP4 Eoneraiy
rect£Hi3aRP Qiith, prédRe¥\ask N6 W R gdokizatally Mofg MRl dhambadsSonger (longitudinal)

constructed fromtransparent quartz, the interior

axese digdettantypeh ef rrgctary awdtimpraysacats theretodrabecagexgqngvely described
radi ati Ot 4-a0Ns [k t oL . L 1.s .
o QL PPN 180 3 DU (D8 SHATEL WL k0 s 71

and RAve2heati ng | anps (either linear or circular)
arrarB;ed to cover and/or surround the upper face,

| oD Faeler chrmbsst Horl 4 samicRRIUCKI ARICESSS 1S AsopBBogiFBVays
heatﬁ(p. dCcﬁfta‘h? @ll'l e g &A6Wh Be tHe Qs WRb{ wél?'?glteq{eat%g %W%&l}y‘ﬁéahng the
0 a i y- f oW ng

rrzont
chamber walls, the interior components being indirectly heated by heat transferred from the

hot walls. Other chambers, known in the art as "cold wall", are constructed from transparent
quartz, the interior components being directly heated by infra-red (IR) radiation transmitted
through the chamber walls from exterior heating lamps.

Cold wall chambers commonly have heating lamps (either linear or circular) arranged
to cover and/or surround the upper face, lower face, or both faces. For example, US
4,836,138 and 6,456,761 describe cold-wall reactor chambers with horizontally-flowing
process gases which are retained in reactor enclosures and heated by banks of heating lamps

held in the enclosures above and below the reactor chambers. The banks above the reactor
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process gases which are retained in reactor enclosures
and heated by banks of heating |anps held in the

wepaboswees above and bel ow the react or chanmbePGI/UTIv@9/042281
banks above the reactorchanber have heating | anps
oriented along the I ong axis of the chanber and

charﬂl?err %Ll{f@heattlﬁ 188pd PRatdduddipahe (dn@Wx RfofREOGREDHEARESarallel to the
| st the %anks beneath the reactor chanber have

longlttad:qngl fbrw ehpredesalzesny, WhléSt dhreobankakensathfthe Feacion ahdreber dave lamps
oriet%ralﬁ glr%n g ﬁl%e%l Tt agq% tf & n%e} 3 dcf Ifneg]lﬁ%lgl?c%lgr ltoo eeloAﬁ%grl]lg%nﬁP %%s flow.

As i st @&ﬁtdhﬁmbﬂ@,lmm batﬂ(stolﬂﬁrﬁpsrs@&p&&tlbﬁ@h of e R&dc@rShamber in their
| anps  of the upper bank are oriented al ong the | onger

respe@hgidimensians: dampsfithhunies bapagic gFicried alongdig loageréqmgltudmal
R e e
oricitpdaloag tleoshertemmaisvase dihdengibn tud spatn\m tcovealrhost dhal 80the lower

of en the upper d | oner nps :
wall “fé\ﬁ; a8 ?%%PW@H thedmieT gAc i PaRke y?ga@nsga?\a?%ﬁlproved axially
mnﬁﬁgthﬁqgghnapatlng | anps can be provided to suppl enent

t he “upper and | ower banks of heating | anps. For

ex dvdditmnaligating Benpb38n ba grodjded 7o 8@eblctesid thdeppeohmt Madet banks of

neatlsE Tt g eaple: ONEE el ot ot R Bt e iR whicn

in additidre@ipbiothdIOREEBNk R bT ﬁ@mﬁg HnASUhSR Ad8ltRwAal H&tlng lamps placed
react or chanber. These bul bs are usually centr al

in ragfatign gerreatieing anskosyies b@lpwdhe fmairor chargbase r"fhesetlmlbwa@ usually
centrt‘ali]lSI a%r%ﬁg atb% n%’ustc%gt?ﬁ sl{a | C u tgl Be ttlgereg;u\g%e ‘teor%hl oqler regions
that biheseike Weald loabpacdted dﬂfm&hd’ dﬁ@fﬁ@ﬂl@.of Eheng:iu@ hn&af h@it lamps in those
_products grown and processed in a CVD reactor chanber
rq?%@nefits fron1nnnitoring and control of conditions
51[1? O?E ﬁtg f(oﬁrgg%nd Oérggﬁge%m g(?’%’ ngardff’(;rc?:fhhllngepgeneﬁts from
monahan@mtdacormtol cﬁca’mﬁlttolne withfrethe Chhﬁbﬁﬁpﬂ’goﬁettemperamde proﬁle of the

t enper.at ur pro S, gases .in e VICInIt of
wafgr e iy '?lare %ﬁg séhw?%%f&ﬂ%%@ﬁ Biaer, the ¢ Dwbption and
tem&@?ﬁhfe%? e hi18cRE rgfa&% m ﬁfé%lﬁﬁ%nbit @5 WAGrbhd BSHFH! ”R'Mﬁugh possible,
| aced within a reactor chanber, as such instrunents

itis mmedlréﬂé@d) pemforrmssush miohgotmgyby meilmfemas nleeed wrihlinfwencadior chamber,

at nospher t develop . wiithin a reactor  chapnber
os s GRRg pe R reO T 0 Bh BB R, g B 6ospheres
devdls|SHitHitRIYeSetar éhaRibef @iralY Mof @midoadetorerb&iial to the
reactor chanber and nonitor interior conditions b

r eSipeasdi mgtrmr@elrt&@meéﬁ:fgwbbla@}twge@ Bxtetnghtorthereactor chamber and

monﬁg{nafﬁ?e‘%%r %{)‘ﬁdlﬁ&ﬁrﬂ& %ﬂ‘%fi eré&ﬁeﬂlo QD%ESG rg‘@%@%&&ﬁ%%ﬁ%m

exanpl e ure

chaﬂilﬁh’itsz\thﬂled Shsh Pytan®iteiig;knpvap ot tesniE, iftcBRcagReAOtan be
fer internal to the chanber can be externally
exteffal ipcapired BYPYTOgHECTh PR H e frar S qoRdusial wpter internal to the

cha SREE b @fte&fallg ﬁ%ﬁ&ré&‘fr@&ggh‘c %ﬂe&'@? AR agele pﬂwper‘deg of gases

e vicinity o sem conduct or warer, can
1nteIBX]tterthm¢Haynber ¢.g., in the vicinity of a semiconductor wafer, can be externally

measured by observing the spectra of light passing through the chamber and near to the wafer.
However, external measuring instruments are difficult if not impossible to use in
connection with cold wall CVD reactor chambers heated using the commonly-available

configurations of heating lamps, ¢.g., the configurations described above. Simply put, these
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measured by observing the spectra of |ight passing

t hrough the chanber and near to the wafer. However,
wW@q1e/00k0 measuri ng i nstruments are difficult PET/HB1009/042281

i npossi ble to use in connection with cold wall CVD

react or chanbers heated using the commonl y-avail abl e

confe@ii il hatd RAsn@fanfiRahitRdtchad TSmo o8 all of R8hamber's longitudinal and
confi gurati ons descri bed above. Sinply

: . : put,
trangvisess dlepeisiansr s eerapriag ané eealidine mavper allefithefacenef the ghamber.
S r.al f ' ongi.t pdi e

HealiREHsn 5 aSkomond SRRIR Tea AS ALY AT AE b MG K fiRErve e
inter@dr dffiee fragdsr.of the chanber. Heating | anps as conmonly

arranged | eave no roomfor external jnstrunents to )

obd8F VI CRiREs TADET 1 OF PEPFETEiTachbees. deyHibing sk cuicEnahmgasuring
insttﬂﬂl%n@%:lq Be QledAh l.Q8iufltlonGidf thﬂigﬁti&ectg&glh Waﬂ}%@ﬁ‘%acter chambers

external neasuring Instrunments can be used in
withoonyemohalanrangérhemoovienting tabpsc dlodvonat, s MR xt@adtnoeasuring
. chanbers with conventional arrangenenis of heating . .
NSRRI 1s Dl for rﬁ%’én%‘l‘nd&t’léﬁi AN eSS 8£ Prﬁﬁesﬁwgsqcf%ﬁ%ﬁtl%teﬂor to
charhicrdesi rabl e for routine and robust nonitoring of

processes occurring interior to chanber. SUMVARY OF

THE | NVENTI ON General Iy, the present invention

provi des i nprove r a ' d function
nodul es, e.g., .ggﬁﬂﬁeﬂ?gﬁg??u H@gﬁggg?)n trol ogy

f uahé@ny, e plegsnt idREtibhBrovides improkedMIdsaAE Al associated function
chanbers, in particular, for CVD reactor chanbers

modgles ehg-elicasing fietiop modales, metsdegpiwstioppmodelas. and heflikspfor CVD

reaci&? lﬁ:@%ﬁl?eg?&%é ggr‘clfitcﬁag f Mq:{}% r%@ét&%%hbgﬂ%%eh%tdl%g rtllfia’ef{ gfogﬁﬁgs gases pass

ctor 'enclosure O I nve

horixdntdilyafr &2V 166 pir6ds agoh mgRpPydradnd taas echaake dA hodalar esactor
nodul es. of this inventjon (a "reactor subisystenfz, )
enclasiwe glethisgRrsIYeR, HeRe ngmai% aepcky apd appyopat associated function

oL AL B M 1, L OB RS v

be pautipplarly iadgptedlito-i8yistdaabCY . ocessesgasl duahdlréavgpr sub-system can be
ub- syst e to forma functional CVD system .Preferre

comBAJRA WA RGP e R B b SVSiemE (. £ i A by 5o Form o

funcAbA4 VD K PASRAPEIFE rrdPCRDICAS: dRRBRrsQre R1a8E b 1CARINERILE of quartz
(EM radiation and are operated in a manner known in

trangparengiora broad eawlgd oheliet tromagngtip (EEYe radeadiop anfl iatpuenetdtehisn a manner

i ncl ude net,r aql,oaqy, functi.on dul es for. external )
oy LSl bt S e R iRt s iBigh ey function
modQRY f6tExV@hdIE; scating eaeditifBrihteial ¥ a Rhctit@ahtber Bivis Wills, at least

a nodul ar reactor enclosure of the invention is sized

partighy, ef@fitgur ed to provide (at |east) a nechanica
f L d:a . .
c L%ﬁ%ﬁ?f ei;rrr]léﬁﬁtdr 200 HRRRLEe (ﬁqge Fggﬁjt%& 1%?8(?1 SI?T(PD %nglrﬁggregfto provide

one or nore assocCl a unc

(at 16€436) aqhedmaniealf feunedwaak thay passuppbe angbbldri CHD kiasmsharber and one
of the encl osure supports the function nDdulﬁs i
Or ML @ﬁ%ﬁlteg HincHgn @()@ufggg PRy or more function types. The mechanical

framework of the enclosure supports the function modules external to the CVD reactor
chamber in such a manner that both the modules and the chamber (collectively, "supported
modules") can be readily replaced and rearranged. The enclosure also retains the supported
modules so that, although capable of being readily replaced and rearranged, they can be
sufficiently fixed so that processes can be reliably performed within the CVD reactor

chamber. Preferably, a reactor enclosure of the invention can accommodate a range of
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chanber in such a manner that both the nodul es and the
chanber (collectively, "supported nodul es") can be
WO 2@adiod3s20 epl aced and rearranged. The encl osurBCHUSI09/042281
retains the supported nodules so that, although
capabl e of being readily replaced and rearranged, they
asso6iatedFen déh ihduRtIf Ynd in¥@HioRQIdrdalitinh PH@s D€ soriMBrdBly-available
reliably performed within the D reactor chanber.
CVIprastier a%aryber& Teppstantly aviefced fiacton medulicheai tretermd metrology
func?ﬁﬁ‘ 8%%%{ rlgglﬁre ?on&gch%n?% o gft&&t?o% (tfuan(%tft R ?elﬁ?\%lljy Egglf)ef) quartz

reactb@ RErvehigh tn,eyavﬁactdnaikgh&dCVD r eact or ¢ harrber S.
ngprtantly, preferred function nodul es
pr dhePresentiganspn glo inphedes die Wt@isfu%%mpéulﬁwhat along with a
CV]??%HOF qlgegr% E;% 'iét'teg rgnd) flelﬁ b&% ILezlsleﬁ)glrlI‘é & ¥Yhis invention external
to the mﬂfctcglmhadberTﬁéle gussientmadduks myploailyahslude a nieuhi'm:'scaﬁ framework

SSOCIat ction nodules t al on a C\VD .
whi %ﬁmﬁcﬂ* onegr émg%%?ﬁsgg OBHAT METS yw gf hPé%*‘éBB‘Fwal
fram%%h@%a@h %nchah $hddOMa 0 iz AN R R RYed 8 ab ﬁ?cd’o%é%eoxfnth a reactor
nber. The function nodul es typically include a

enclfmu:h andrded thitrfaneieorkoduhésatan da pepolily oland (hgl dsthe nlecltaﬂure)
nor, nsors of .o r nor ch
repl R RO et P ot TBR S fdencd0Gs TEGRE Ratleeral with, the
franfeM3fi GUE eaSr 3ficlbsurs OPREMAE RNl frade W ERE bOHifRiAGH GSitkién
in order that function npdul es can be readllé pl aced
g

modpkes gf different epce Al oeligradly, jorndhy seeed gnd wenfagureth into standard
‘ R I .
oo S ATl DT ST o AT RRLERE e s o

funcebe hslules of dikrifR ¢latios &ypeh I Bregwesdksenairs shcfrépobagite to conditions
function nodul es of different ty pes are preferably

interngl; tathe reagtopehagiigr by Arpyligdadialion pasping frogy %hﬁa%ﬁcabr interior
thro%%lﬁt‘?ﬁ?gp%‘@% ?ﬁorﬂ of 'tlfkgtle tBIe@Qﬂsor n@{b(ﬁ%p UESts an{]al%r'p@fér éonswe to

erent con |gurat|o nctlon nodu
exmnhldnﬁmﬁnmng function types. Preferred sensors are
onS|ve conditions internal to hgwfeact

K iongodilesclis Mg Pt GrvoviBaesy B9 Hether function

modﬁf‘e@ oF e 1h'&tn@i6h @hn B@ﬁﬂughmfcﬁ&pﬁﬁam%p%happlrotvidar}ﬁulaﬁletdm@erem
react or wal QOtI onal sensors can al so be responsi ve

functlonsemtreuhﬁale t&mtﬁdqftau sovpde fuPghnert foorearbydherteansat @ (NP reactor chamber

and Fh?{&tr]e WS %B ;ggfgg fﬁ]ééc’[l ﬁslé%cp{legaam i 8\8%,6 tf)o{h heating and

metridWglyi fuhdiid@k td)mbamgobﬂrﬁ&stdf@tcmqudﬂ& dﬂiblﬂnbbtﬂirﬁ ifffefiber ent
functions or nultiple t %pes of a single function to

ne 3459 sprsifiqapspreferrgd digeatsnt this Amsariompeininimred and
ﬂex{tJ) trﬁgtﬁ fmcho 'tﬂzgcl c‘i"mfbgI @&lﬁiﬁﬁ nge ﬁﬁﬁrggéag%&lzgﬁt'apﬁow, cold-

at1 ng and netrol ogy ctions
wallfOVDichnabas. HnEGWb corlagilbreacthacdierbeandte oftte coratructid laeleast

paﬂ%@r %405{ 5%[%%@1 E&r(;tﬁ%ﬁag%%?m%w@ al%&’@fq' %\ég% hgheated by
iR P g 1 R IO R RO oyl AP T
AdV@IlttagEhmBBls( maspatiterorconsifthethadbat whbastn also permit monitoring of
conditions interior to the chamber interior using sensors responsive to EM (electromagnetic)
radiation that passes from the reactor through the walls to the exterior. Although highly
advantageous, such external monitoring has not been previously possible for the following

reasons: cold wall reactors have been conventionally mounted in reactor enclosures
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partially fromquartz material (or other transparent
material), and therefore can be heated by radiation,

WO eanobe2d i ng | anps, that passes into the reackPOF/US2009/042281
through the quartz walls. Advantageously, transparent
portions of the chanber walls can also permt

supp¥etitgl @EddnanRS ofiRAthE 12043 akij'ht:&{tlt@fhetlfémtzbﬁap\klélmthe chamber; and
interior US|n sSensors responsi ve to EM

such(fbfqddtarlbmfg}wetlmgzynrpa@p@nngdnnmh hevaressensionplibedieconstructed so as
r I h
to ol%s%%g Ald bé@cg(n lﬁgglg(%ﬁ \gal@hcﬁb\ég{etv Stln[eg x?errh Osrexllﬁro]‘l 651 %9 Hg&r\{mg the
charbmnnteﬂ@fw ously possible for the foll ovv| ng reasons:
cold wall reactors have been conventionally nounted in

r el they capfat, dwrwwaﬁmwﬁf& by Risterisdsrebodfmenénef the present
ek P P B0 B B SR Sor Yk O R

mstdad\peoxadmg @pdtingrampy indeeting imstiounibdales thaaeanth@ abapedidiove the

bl ock chanber .wal I s t hereby ventin erna
rea@éﬁ%}l@eﬁseﬁs BORE RS A aeﬁ%ﬁmﬁ ?me&pmrg cf %ﬂrﬁace For

exarﬁﬁl@tlﬁ)&he ehﬂ?@&%ﬁ@%@ iRIcANbH Fp D eRfieS ﬁEﬁl@ﬂJts can be divided and
nmbodi nents of e present |nvent|0n can be viewed, in

a“awﬂtmtoalsﬂm@hmnfngddphademo fungtion oredhles ﬁpécarﬂvanqsn@nb@nggoved
d di h
exch?ln% Pl&cﬁﬁﬁﬂ]&% tg\érlntpﬁon Oé’gl}a? 18%9511?&%@&0& aga gl%;:epr{pgeés conducted

therdiff APEPErablR AR HeraO faslith@ ABEIsHtd ths @PF&Tstrfh& FREERScPA Meating
of the upper chanber surface. For exanple, in one

clemgatsd el lgnbﬁtp.s})m supleheatipg Auncsien mgsiybas cAehe ratered thameght %0° (e, toa
e SR REUNL B, ARROTR0AR A DL, LU L W g

clenfe@t¥@oatnortx ﬁhtihl @eidy aranGetidrally, ildeeer Heatingglemutts apanaiteithan capable

of the reactor .and the Pr ocess conducted therein.
of mpKiggdpApr 3ny heﬁtuaﬁ ERITACHD lOPLRY TepErange Meat eiswppephgatiag glspents.

su

" SEGEs (i (hilfbd GREREY in BER I E6 STERIA 1, e ybHielring lamps.
preferablyuighprote 1(eg1oas SuI’t‘Gmndlrrgl the epilayor, petoq@ntié tleatlayeo itgad$§ or to

in co th t ose of the fixed up

probsher Rt e g s o Iney i sieh Spmoar ke igelude, but
are ﬂo@%ﬁtea@@ttérﬁﬂerﬁtlu%'@dﬂﬂ%l he cé'fﬁﬁ(?slﬁdﬁadha%ﬁa&ﬂlﬁy&f thﬁﬁﬁés@ Gepilayer

up for any heati ngEca pacity |l ost by reéarrangénent
surfagoenghiness arntJSOeﬁoé frm m&eriegy date aem behesad bemare mg@@bly control

eas no t ed P eat i
proct 3 S BERE pERwp AR A" ELE Pad S eiRBatIP A et produet
epidpaveilly, wwdr(heﬂﬁ%t@eﬁlﬂﬁs eqi A1y 6d plaéciah heatiy fulctRnaledules,
ot her regions. niol es of the netrol ogy that such

whicheqg dhan beeteentrdsrdlcbor prependiculdsde peacessigas flowaiNednlarization of
the 15%@?1%%@* %m%ﬁ%tcraﬁ I3 ercfrﬁp'ps%ﬁkér a%@es@@cﬂ $hEmber lovcxi/er surface
epi layer~thi ckness, epi F'ayer surtace roug ness,

(althbogh hlsas'ﬁlﬂérﬁelff@ﬁtr thé ngo;er daff@ceg@ncrbly uapidletless REitieal data) arrangement
accur gﬁcontrol cesses, bei n% conductjng wt
i

he
0 hsaﬁlg&@ g thy YlPW&V@ yiput anq EptTEtYTRE RGFEAD 9F afmeftqatelon of
preclﬁﬁ%gggi,ng %A&l\eﬁ@ MRl § el%la%%ﬂé hififile ngg; r phaged

unct i nmodu whi c can t
or Tép pedepanedntien abo ppmcﬁm mmhtlmdsefor ¢omlf1;gunngseac1gasub systems made
p0551ble )Qly the mq Nod uéu e{rl r%scttéroerrllcf)osures and independent function modules of this
invention. Generally, configuration being with selecting new function modules to be used
with a reactor sub-system and selecting locations along the reactor chamber where the selected

function modules should be supported. Generally, a function module supported at a particular
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the | ower heating elenments can further permt: sensor

access to the chanber | ower surface (although
woreaseweent s at the | ower surface general |y arCUuU809/042281

| ess critical data); arrangenment of heating el enents

in the vicinity of input and output fixtures; addition

locafén prHdel Ections ©fthdhQEbY S&ttiSns 6F tBe reabivr Qlﬁé?l%é@ khd@its interior, and
pl asmas internal to the chanber or chanber inlets. The

multmlg gunstion mpdnleh swprertsd apmpliiptielocationh oeyidesa spatial distribution or
prof(ig nf fu%gtlérr{elgc e%?%ég £ nocﬁgrrl 21}3/0%%%3? rﬁ%ﬂﬁresﬁgécﬁipe%f aS rt]lge%/ seie'&?ed locations

that mdiiffa&nioﬁroﬁl hihSintondedhhdve funcéem afodliley arccenibiv ) aad tm:rselected
being with sel ecting new function nodules to be used

funciipp Hloéiul@é &k res?u@@fbars%lpa%tw e restar saelpyua st thpgelected

n I
loca B By REHAARH R G e RO O Sl RPUAEREA BBELLRh 1o he
reactob dudlesusel pptorthe dVax reactpachantiel.alypcaty, dreapbowp dese time

functio gf 2 Fhe near b ort.i ons. of the reactor
CONSURURH T IIHHY Gt PR Oé‘inﬂ roé}HHe RHYTBPE f unct i on
mogty] RaceHaROLkRHh @tbeﬁ'ﬂg%hﬁ%&eli aEal §efé@§dl%"r@ééh§j% ﬁodules and
spatial distribution or profi functions.
locations dreinctirably woldefeé o providentriryfils @pfb drstréuitian Of ﬁmctlons within the

chartfer SRt R et coet S ler s st Bl Rftepsaay be bes

perfSiARIGE Béht Isppli@toMRItEa 851 a@nb¥R Ui pattianeh SPdRPATiitAButh or
the reactor enclosure at the selected | ocations. Such

profdenForguei ipeecesa hcabiag peration meailulgsshowld banglceted aad pesiions for the
rnodqpeg %18§t§% Jh aé]{]g%l(ae ttl%ksparr&&fk%rq{eat?&(:érgﬁ%b Sifh la{‘ﬂ% thp ?elecé\{&)i process may
be bé:sQ @Sﬁﬂﬂrﬂi@i 10 terchii Ehagadtérisiioaof the bﬁzﬁﬁ‘ﬂfﬂrﬁigeﬁorf Agtitaie locations within

mai nt enance. | f a reactor sub-systemis being
the %ﬁlﬂor«‘rg%p&& mefHitogeds apg peEglogy é@gélgn mqdelergad p@%ﬂwan be selected
rovide a profile
to pio QR iR LR Rl MR R6h BRI O Faner
suiTha bteseﬂtonvdnhen skb podvedbs ﬂmts oé ﬁmﬁﬁomodu]asm/lhe:h dahée used for

con ﬁ%@%}cﬁ%pg‘% qg E%lscpggﬁqlgglr%ﬁ Iq({t}%glg%g{ls{s a@ﬁa]éq. reactor enclosures
can §@§ﬁlﬁﬁlly dbst dr&&’iﬂcpﬁze‘aranﬁ rs%&i |a§ des%ﬁf)edsl‘i’&&n% Bél%ﬁ?l%ﬁdy

heati ng function nodul es shoul d be sel ected and
reCOpﬁgmrtailmn@df rgarrarigemenioel] aasacier felbtsefsltetno For evdrdgle dnainstallation could
stoc% PUL eglg ar Qﬁrgg‘%glgf‘ Sélﬁfeglrsr%lasj le ]cor?égl%%d[ t:?hneewsreequlremednts without
delaghar act eri stl cs of the chanber interior at certain

ocations within the chanber can be nonitored, and

mstMQiP sesFifiaaHEs inemne spdafiswensile mgmtqnmﬁ@wé@ﬁna pedular chemical

LB, /B0, S R AR SR, v

reacfolr ehardl@a skpﬂi@“[edfbyftlﬂm&httoﬂ ermm;ufeg andvptaltaof bﬁlepléiﬁldnt function
ring conpatible reactor enclosure

for confi
modp|gy éwn%te%a thesagpiencisuicasiacent tatg %%Woéé”ailéﬁf fe CVD chamber
but ﬁg@%é %m%&?aﬁlﬁﬁ&fp@n@&ﬁ oBlRs c?&%naoé&‘é iRl PRdule

rein to per eady reconfiguration an
provideaonangewenfunciiona to eaubypposiobs eftht €MD Factoe xbapbar andmterior
tion could.sto

that P@é’é?%‘lll ?OSRIBC%CQ%edCQ&ﬁ beillfjlgfgﬁ 2{\& :c]é%gl?qg ﬁi}ﬁ,reactor enclosures and

funckiA HiJd8 %8 BEcSprfetdbPHnutually configured and sized so that at least one function
module can be supported by the reactor enclosure at a plurality of different positions adjacent

to the exterior walls of the reactor chamber.
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del ay. More specifically, in one enbodi nent, the
i nvention provides a nodul ar chem cal vapor deposition
w@ eDposeeact or sub-system i ncl udi ng a nodul ar PERUS2909/042281
encl osure, a CVD reactor chanber supported by the
reactor enclosure, and a plurality of independent
f unCtuh b e 18 SarSHRRAN 1bRELr AYméieon @ RGHQIn @GBSI 1% endicular
adj acent to the exterior walls of the CVD chanber lIJII)
to proe¢re s Sewstithie therchhmper, arbp slindten dirpgnsiondn paligetenm parallel to
cl re. Each ngtd on. ' r r .
procfiied TS or 97 D R shetolcthfe RERUGERBNE, B1eIREfe housing
that GhetiibeiFal Briddépahednt of atd@imoatisle ioef the ré@tdqrcaclessesand one or more
carrjed out within the CVD chanber. The reactor

funcipe plsgispissupprited bychs Bepsierndggoddweghefusetignsyperformed by the
t : . _ i
modi, {Bnborf A0 bGboARH b7 HESHpATe hRindan (£87de i clements
for proditimguneet tatnearbp ipartains by thefC\AD fré e chapbai dnid omsrior. One or more of

adj.acent to the exterjor. walls of the reactor .
the HRHREEPMEE GHE Br BI85 BRA LTRSS RHOR o hiSh She walls of

the RAUENEHBHbENarR aflich & PhitRNy RELARARG: C Ul @iralif) FHREESSUYSSGon modules
flow w thin the chanber; and a shorter dinension in a
can bi¢ suppoitehbypthicatdotdr enolopuro eeswraypendindpesitems vp eetopwide a

A functio dul e f.er abl i ncl udes at | east one
selogied BOAS PPherP I E CRIEHHIAR iR pondent of -and
I eFaN@heldh@m §uppoi&BS Be nfdtkil OisdikRg cah disengcl@de dHRIO? more

function el enents supported by the housing and o
senspisdor @ic#gring eofdiniensi io psarpe ppoioneaf thy GWa reasthulceamber and interior.

N

detefininindgagdsnpobitioh @ f GAas irraahiad tikhavDerca@aotchaniber bpmeaddn@g the
or nore of the heating elenents can be radi ant heating
specplpraptrEcee ight Hgn g dhroyeh &g p spnsphior dateraingse tegpcratures
eSS SRR, SR o SR PLLY cRBORY Bl o
charblyert heens@dot deteremoingshe thickhesaf nesfacedwitign plosichctonshasber by
as.to provid agtalec ed profile of . heat t.o.thE CvD f
meaytingdadiation kfleeird feRHBE pydacs ieisios Afppinmg thyrqugness of a
surfARRAHtEn HRUSIAAG Gambal B,PmbaGHHE 8 dPRRNIEPRELSBMBOSR face, or other
for measuring conditions in nearby portions of the CVD
senspsaopn it HerdserA ahdtality o rictrologvitraion gyodulassei ba supported by the
g)odul e can i ncl ugﬁ.a vvi‘ge var i etty of senlsotri, s(ﬁch as . luralit
reacty” SRAISBIC P R BHHERCRY 2B M B PGPS e Lo  plurality
of difRrdnd fof¥Rs bLME (VD ehafikelintByorreasuri ng the spectral
properties of light transmtted through &zses

a
sehsgrothasembed et ihagvertigerayidesacibade &pnﬁgilrtnlgéhe modular
VIBEEERE S TR TG % (AR OB S8 sysom of i
previteisembodintgit )t eccbhliekmats nethods providede fitstt brigorirh@e independent

react or chanber by measuring radjation reflected from i
functipg mogptes @k, selectednayh fargachysaiestisd e Hedyle sgHREwg e portions

of th @@Iﬁfcﬁ&ﬁbw aﬁupiiﬁeﬁ%&fré §é}96tﬁ(£; ¥ %n&%nqﬁ@c%%rsitﬂzg are supported

radi ation reflecte rom-t sur ce, or othe
by the reactor enclosure nearby to the selected portions of the CVD chamber and interior are

removed; and finally each selected function module is supported on the reactor enclosure
adjacent to exterior walls of the CVD chamber that are nearby to the corresponding portion of
the CVD reactor chamber and interior selected for that function module. A function module

already supported by the reactor enclosure nearby to a certain position need not be removed if
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sensors known in the art. A plurality of netrol ogy
function nodul es can be supported by the reactor
wepuboswe® at correspondi ng positions so as toPCEEHS290%042281
sel ected conditions in a plurality of different
portions of the CVD chanber interior. In another
it préViB@dfuABNNs strhiar itGMRTLh QNP PRI H@DHyRE ARESlciselected to be mounted
configuring the nodul ar CVD reactor sub-systens of the
nearpy {eeihief eptafispasiiioss a nodul ar CVD react or sub- system of

A SRR b P A R B or

proviidiflglhes tathe b eeicest chamibtler dndrintedet) os ehesirmeke el dg®function
npdul e, correspondj ng portions of the CVD chanber and

modules &or rapashrie ¢t @arditions i haynteiiprafithhCinbhispesr ¢haatber, or
B PR SO PR RS CAEN P obly e
inteni@roan éd chasad {61 sekictey heattly Hetteot mddidl et thanwhedtheehehtsng function

supported on the reactor enclosure adjacent ta .
modB{e} 8 Rypunied vg%f tottﬁ%dwgl EsvarperdippRerighs hsdd Bipvidsd to the
CVD REcEPChASRIAAN MeRATakd amgfto hipeerGYL RGAAE Bforh GG arly,
and interior selected for that function nbdule. A
corréspneding poriodsbEthal(NgA dsacku shonbednd yntetier aaede cbosen for selected
encl osu ne y 1o certain position need not b
men g B hitoyhfuBe FfbReS BRG o IR G Agtn S nearby to the
seledtéd %ﬁ@p(sndaﬁ%y&ﬁsﬂs, Beatitempme uf teSekA6t &tthé CVIIBchamber are made
nount ed nearby to that certain position. Sel ected

according t9 darehasend reepseigmenhpiofitie Rypisrably, hsatingrangdimeteplogy profiles are
i O I far i t D reactor
dereER P ALgRRENE B bR YIS BrotEBhe bR b IGmct,
f umat irrnti®dalke prolvides FRASLF CVD sat®e btdsysantk dfi thaBiveition
the interjor of the CVD reactor chanber, or aqther

configuredsacsprdingorthe metheds phthe ysnties yayrhymsthodiferncongguring of the

ENE RSy or chanber and interior can be chosen for
mﬁ%ﬁ% gctegnﬁg%}ing functi on nodul es so that, when the

heat & igthfenambodment dthd i@sgcraioa pnawiddsashe roe ardoy itdopdnident function
chosen corr.espondi n ortions, heat is proyided to the
modp 4TS 6F TERaHE R TRE A e ey T et gt (bapfisdre ahd

recoRfiSl8 i 1 €L RG cRY Qfb-bRtentd & th@ldv¥nti&OT A€ HRIGHHIBS: function
portions of the CVD reactor chanber and interior can

modpls rebiswdly moludsedtdeastonamitusiwigdbpt inssthetussllsimdepradentwficand

th trolo unct.i on nodul es are nted nearby t
remqBITEorh S Aol PEUBSRe TR SpEPt PR TR HEST B prfed by the
functibe ndduRMHoRkingf Thé endepeAdehefihedonahed B aR] e Gl gedctor

a preferred neasurenent_ profile. Prefer ak‘)ed}é heati n

ly,
enclesyge pstreFgly propily eenfiguecdpndsizerd se that th p@mém@g@ﬁan be
supp%rt@&‘ ‘b% &I?eweg{torcéﬂ@logﬁt%gﬁia%eﬁtgo kﬁ% &%9 RJE%Q of Elr%%eactor chamber at a
es nodul ar

Invention al So provi reactor
plurslith o y§tees® poditidize Alsy,evticnanpeortediagupedicake poddiidigadjacent to the
t.he thods of the invention (such as. a nmethod for

oxtepighy g threaptor ARamphcE NG U cRdSTRS TiBHToR. MediapHoy ek gpe or more
funchi 'r{nég%gipo s 0P YREV Bt RANVChIBB O iferiBPhSt are useful to

I naepe uncti on
processes carried out within the CVD chamber.

Function elements can includes heating elements for providing heat to nearby portions
of the CVD reactor chamber and interior and sensor elements for measuring conditions in

nearby portions of the CVD reactor chamber and interior. Metrology function modules can
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nodul es, and kits of independent function nodul es,

that can be used to configure and reconfigure nodul ar
w@Dooemet or sub-systens of the invention. An PCT/US2009/042281

i ndependent function nodul e preferably includes at

| east one housing that is structurally independent of,
incl@Rrth WRIERYALY S §&RB3s, hﬁﬁaﬁﬁ%ﬁﬁ&?dﬁﬁﬁkﬁﬁkﬁﬁn @ﬁﬁﬁ@@@n@%ﬁws

nore function el ements supported by the function
Sens%ddiﬁépﬁrf@ﬁ%ﬁ segsorTHul otheregpioaekmovuindhe e nodul e and

r a
conv 1B Sy Al A B T R B SR BB st s o

funckien sigdprfredding tofiehdadiag tad menclogs fiireetiagy. acent to the
exterior walls of the reactor chanpber at a plural

of Hepdingy eRmsgbsreindasclanty oply sikewitkans ey indendad hanta%/ion- A
numBﬁr 5f*r91*é¥e%rceﬂoﬁﬁ cfrtr% r@ﬂj AL %H%r elddsdl ﬁre§ Wh'léﬂrarg\mcgmo?efted herein,
reactor c er, the indepen unctl on no e
in thpir @uiickes bgmefemmcﬂﬁ]rallfmrmjse&) ITS.ll’th@l‘ rmeaas biythpoited mﬁaemfes regardless

t he CVD reactor chapber and. |nter|or that are
of hq'Y SpFTBHIELEaaV ks i1 AGEE ANPEH R E@ S SIS cXt fhtter claimed

hereffd Wh@f‘as%'e@cﬁrﬁﬁﬁ éet&%ﬂdrme%?egcdﬁﬁﬁﬁdtféﬂs 8 @RRNMnSentQSF this
provi ding heat to nearby portions of the CVD reactor

1nveoh(amawé]r bfamammt éoinghe forltbvarpdanilal davemtmnfand anedsuwithig the
Eﬂg} ih_ne rby portions of the CVD reactor
xmpgﬁ afY ‘&“1H$3IPBT Met rol ogy function nodul es
cani nclude a wi de variety of sensors, such as a gas
conposi tion sensor a surface orOoertles sensor, a

t enper at ur e ESGH H b ddh AN t he
ﬁthT IeATeéérﬁi% eélglgﬁfl‘f %1 %ﬁ S?Sd grﬁogl @%fl{@?@fél&% to the following

detaﬂaﬁdﬂsenmcwofdhmgreb@teld dﬁ&)@ﬁirﬁl@t anthepeésent mgeyntfounﬂlhsmsze
Headi ngs are used herein for clarity only and w thout.
exargplgs ?ﬁﬁp@ﬁé@ ambpﬁﬁr@e&ﬁ rihe MvaRHerd 6¥e awe@%%%gewa ich
ci f
e L O DGy 0P LR ool Wb 2#12%%@ clements;
f oFigl2A-putl poses. entbudinhets ofitbaenvehtidheith lvtue(mhs heating function
ferences, regardl ess of how characterized above, is
Hmd& fitted as prior to the invention of the subject
Mt enACk @mg%qtef&ﬁwdﬁnerﬁ%m@ ﬁn@%@&wh%qo&%%hg fildfon
al ternate conbi nations of the elenments of th
modulpg end vantouainhdtrobegyafppetraanmodulesm t he fO||0MAng det ai | ed

descri ption_.and. .ar, I e.Sc

g st IS P g B PRy g I imvention:
DRN/gsNSZﬁBF Bheph B8R AMENY AN JTENn RN tisHRI S toP @tk DERion;
fully reference to the follow ng detailed

de&eg |6p¥ilsél‘r@teéfa tranavasiceicaioneef wivheen ersisuistofitheinyprtisnyith
rnc BB BE E FHLe8 BhSORE o
in which: Fig.l |IIustrates an exenplary prior art
reactor _enclosure Wt h flxed heatlno elenents
Fi gs. EoPREFERRIED EMBC)

W bl Rkd GHSo GRS BgmfoHﬁ‘l%f 'r%nﬁgurable reactor enclosures of this invention

are now described. However, prior to doing so, a brief description of a conventional, prior art,

reactor enclosure is provided.
Fig.1 (prior art) illustrates a schematic plan view of relevant aspects of a conventional,
prior art reactor enclosure, which being presented for purposes of explanation, is not

necessarily a technically accurate representation of any particular prior art reactor enclosure
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nodul es; Fig. 3A-B illustrate enbodi nents of the
invention with various heating function nodul es and

wa@ 20rp0es2et rol ogy function nodul es; Figs. 4A-ECT/US2009/042281
schematically illustrate details of function nodul es
of the invention; Figs. 5A-B schematically illustrate

nor &g pafticfar pHBEAH RIACIHP dhdSer OR chdiSr drdleB el 2 Moudth@ 10 Bsupports
illustrates a transverse section of a reactor

and efeinpHs Y Percagtor ehanibsy &dd whishws eammanlytaf dranspaet @sartyfand which

{85 Y P g e B BBES g &R R Rhcor

wafd?s efptlay@s), enbadedpntconedl pimdubar for reponinggempdrht@re stability of the
reactor enclosures of this invention are

SUSCEIIQE rFI9ERsS SRESMSVISE reapior ehanler 483 ﬂgogggl injet gtf ndgts 109 structured to
rodJESREL BB B EOBETL AR B 106 Bk o EAHBE s on
suscsethe hift, mdiepd thoy waewwo aleposit reatand] e ppeetssthotpitayers, after Wthh they

.. conyentio aI, prijor t reactor enclosure, which being
eXltg\"éé@Wi’ ’Fod‘lghﬁﬁ$ @;1 of expl anation, is not
Neges 3aidol iludradt QRGhMhe A chiin AQEMERE €15 §1I9c[ ?ﬁﬁ&hﬁh'h@& t8€ susceptor
any particular prior art reactor enclosurenor of any
and ppifayesud arocpssi tompemturesdagt,d00¢ farbe abomaﬂi tdiation from the radiant
encl osure or sin ports and,. etai ns.CV
heatFRGITRINE rubpt SRl i OB ROy HBE PreRuoR Pepnen the
reactl @hdrBbeaxeh1MAb BE abhsBEldbgSanMd thBicBy $dkdut, CORTFBAents internal to the
conmponents as susceptor 105, for holdlng sem conduct or

charerreM§e (upia eypabsy Waléh@rlm@épltabvelﬁ @wqré@mmraimé%i@ms such a
conf’i%%at ogiglg Eéés,‘glg §e ﬁc{gg(f\;fgﬁ gcﬁwg tﬂﬁeﬁa tea%/m%gtg t{a%eg'tbﬁ@e the directly

heated 1nltdihﬁtcsmipﬁﬂetﬁ§ Radlant Rehtihg chaatscan dlﬁﬂlildeﬁﬂ)npéﬁtioﬁﬁlnlﬁmps with
as flow.  The gases then flow across ane_or

resisgifpsi: %%nés gehtseraitiany wid pide stiyclies ey --daet-1t'd 216); or other
radlﬂﬁ@%bﬁ@ﬂ%ﬂtﬁle hr%%tér% ? Siits %Qf)alﬁcpbé gotfrbified @ntd‘ﬁE Meﬁﬁng

exit t cha roug aust 111.
ebnwhwustrates radi ant heati ng elenents 113 and 115 whi ch
and epll roces

he he. su to
otbehatiinealeratyrequinin Cyend. s nats gV By atainbst gy fixtypes. sockets,

or thf flﬂk@(ﬁ&%llﬁs@ﬂte@ﬁ‘ thab §1%tpleﬁgaﬂ%hﬁ ﬁa&led & e waAN8RF rdadi¥Penclosure 101.
and so forth, passes wth little absorption through

The hh@mge%@nmt fehaabee fwaumlytconﬁeurad) god b@@hg@si so gratia number of
hea onponents j.nternal
heard eyt DBt SRR PSR Rse MiCied oot Reid 30§ ARG pactor
charhl@dﬂlQB athe h?ger(‘tiaﬁkﬁmw&dﬂ t@h&R Hd WpeAsurRBed §F doRPOAcES internal to the
d wal l since they are, at nost, indirectly

feaCWéaaFt %ds%ﬂ)epttq’fel 0di Fesghar jicaimardemenis Bxiigs aso frpareaiy sonfigured and
|
arra{%g'sg %atg bﬁ]?ﬁ hglltﬁgeﬂé@etﬁé’"% érﬁ%%llts:"g]% &I%ﬁ)l\é?{gltoh&{]ﬁ tPe gaactor

resistiv amén I Nng SOl
encleduad Belstvrtlﬂ@:tdatteﬁ cladeter (the hwer Usnk), il 62de2 id)eat e lotvbesurfaces of
radi ati ve deyvjces. Ra |at|ve he%tlng el enents can alf i
intenyal GOsMRNARY ?B%EHQR?E 2 heating elements are frequently oriented

perpendicularly to each other, with the upper bank being commonly oriented (in the prior art)
along the longer, longitudinal axis (along which process gases flow from inlet to exhaust) to
provide more even heating. In the following, without intended limitation, radiative heating
clements are also referred to as "heat lamps", although heat lamps are known to be only one

type of radiative heating elements.

10
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el ements. The heating el enents frequently extend, as
here illustrated, between fixtures, sockets, or the
wo pke/o¢se il lustrated) that are permanentl|y aPCHUR®A9/042281
to the walls of reactor enclosure 101 . The
heati ng-el enent fixtures are frequently configured and
ar mangedtose bRaéntan M ABE meRf rei@at dndthsBleS BRI Prévided that are of
~ elenents 113, are positioned in reactor enclosure 101
imprgtyed; Brogelatitye rmm@aeﬁg@apahmgy, endénpioped flpahityy inrcosgeison @ known,
- r.sur 0 0 int
priof iR keeblof chABRe S HICHAS TR e ESTRENTR . R ARt L b pdlfrgnes of the
invehiio, liegtin gadl @ménte argaint buppeaad by tlfe&elaoacncbnaromaﬁ geelf,9mt instead are
that additional heating elenments, elenents 115, are
SUPI9EST! i1} Rifels MeFe indeppdsat moduin M TPd (e o Fecoting danstion
modG mi?l?er mbli Es ﬂ)é?r\(g gu{ﬁﬂ@ﬁ&) ald e byl e RE&or Eﬂﬁ%gu?&'efn preferred
surfaces of Inte conponents. The upper an ower
embbdinieatsahe heattiongalsd mnhﬂdbssindelmnﬁerﬁqmmimﬂdsylammlgefmmeﬂns other than

r pendi cu] ar | 0 each ot . the u
heat}pg; g Bothisnpyidine me&alo(gi/iiu%@%ri] tigp pfodles ﬁbe o mited to
provllcﬁﬂg & rsm leqﬂﬂétidﬁd bitadan 8% %lﬁ@ﬁ%@n%&iﬁs RhRpFAIdORBRDle different
roniin et to exhaust) to provide nore even
funcheai (pmgultlph: types of @l singhd fug,ctnw tomzatbyipoerteomged a CVD reactor chamber
dlimtation radiative heating el enents are al so
and I od to as " heat | anps”, al though heat |anps are

knowraéter BR1d30IYca rii@entbe%ngguﬂead\hﬂlt dnér Rt hit@ology function
el enent s. Turning to the present invention, new reactor

modales ko wigH @s one er Hemlicaer flnatiommedeles.i Begasesef the independence and
mOde%L @1:( thg ﬁncklgp [ \ﬁﬁgs %?Hﬂ% 4nt Eﬁ/ﬂctlgﬁ] %ﬁ)eg%rs?ﬁﬁg reactor ?nclosure can

n conpari son

also empﬁo(ﬂisaﬂdesmnsdiﬁfhreﬁ‘enﬁrh‘@er@ Gﬁfu(ﬂeﬁcﬁf mb&ldeﬁbﬁddﬁerehﬂtypes in different
preferred. enbodi nents of the inventiaqgn, heatjng
arrapgegippthad diffegenigimesy Jpeict CéHatBD“?Si?ée Fede P%%Slbéfhéwgiﬁtée reactor

encllb%]uggs:o nd df?&lﬁ{peh&gﬁ ﬁﬁ'lgtl girflireg glﬁ{ééhe@n% ﬁryygg fcomgpatlble e.g.,

by btmpof stendarddizkesid havhg smnﬂafcbandtrevergbk:wqadrmm nands.

retai ned. by .the r or enclo Yre. I n. erred
bR e MRAC] BRIENSS By HeR 1 ii&iélﬁ%ﬁfb@ﬁile following
by ug@giutlh@ %erﬂla"ébﬂ%lfrh‘t%ﬁ"t@ RFerb MY curRAMNINBRIL BRY cfrdit types of function
nmodul es provi di g met rol ogy functions. Function
i

rnodn@d brieg Salvmbriq:dtan etinediby o rgactov icniélogyre, a@dmlgft ef the term

functi.on an be ti-functi hat
"arrdgB OO e o PR Rp ool RS oS RattPt B L e ppator
encl®fur@ Atagli@ghylncinkRNcd®or@alobircReA hi ffefenBedafidurations (c.g.,
reactor chanber and interior. A reactor enclosure can

difforens mupbersent itgues bef fwnetipngnedues q’iérféerﬁ@ttm%wi ¥ Yipgleirenstor
eno TR el g DR A1 S BERLLPRHOSLPL, iy

[
placérhentﬁ Uﬂraiyom) offdudtion mddutksidi difesént fiimest | on t ypes, a

single r?Fctor encl gsure can al so support and retain

di FPEREntICAOSHBPSE 1# UchiP S9{CHORIPRATIBE cliepisragainst gravity and

the 1[%:9%11& fhedc%grlfi SR 2L %@Pfoske@é}lng Efefeh?em n dhﬁffﬁcwntly fixed

These capabnl itres are nade possi ecause t
positiemsd tiat a CVD process can be performed. Function modules are supported by

providing an embodiment with supporting means (to be described) (which can also act as
retaining means). In some embodiments, function modules can be retained simply by being
supported, while in other embodiments retaining means (to be described) (which can also act

as supporting means) are provided. Further, the term "length" is generally used to refer to the

11
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encl osures and i ndependent function nodul es are

designed to be physically conpatible, e.g., by being
w@Roispesedar d si zes and havi ng standard and r evRCEHURI089/042281

attachnment nmeans. Description of these and ot her

features of the invention is facilitated in the

longf @bANGNEF DMtriétife, Al hitd e t@mMwig@N{d %‘dé@ll}y @Bed foQefef ffhe short
to the current nunbers and current ypes of function

dimgnsipnl b9 spettneg. shpleoetednah dlrwéloaulm@erﬁ}lya)nﬁ élagd fipglong (or parallel)
C r e, 0 Q
o o S P, A SRRE PR gy BEER oe
is pdrpedicdie t® theelel el tzas ﬂ@mhdheﬂ@ia)mbeﬂ Shaghgthrofagtracture can be
encl gsure can have different configurations (e.g
citheyilongatudiel ofiframey s math the addth dhenrheme sy ererien legglatdlnal
mmp&hﬁ%ﬁfent times; and a single reactor enclosure with a
si ngle configuration can have different arrangenents
(e These athid fokttest esliec‘(sld@mfam&ctembodiﬂyﬁabﬁ)heo'ﬁvefntinn tirecarow described

B S S
201,393 eﬁﬁi%(ﬁrd?\ﬂ'lé vt slﬂﬁpérhﬁg and’%'ta{lﬁng REnYRlifhal '(Bh@ OVD reactor
|S usedto refer to eepln an elenent in a

charglpefr$ 2@3, e¥13} ynd 605 desmcsmelyo all sathtsnel cwrpul otessl camponents as

susc&zt88ser frﬁ@ﬁmﬁl’te‘g @F{% u eglggxég?rs E Eﬁ gn%eir%to%%that with

resp€@ $6 bl dgu&éf&bt}féhumme@! fAfctRARtmEdl e thal i dhet JTEEVID )readtdt
sone enbodi nents, function nodul es can be retai ned

changhagpthe wstbeéf:é@agumﬁ@ﬂtcempomwp, end thediksenrcanbbaitingat@ther
ernbggitﬂ%ln ' RS arlréel‘”il&sﬂhgstt%}ek&ecag %’?c%deboggg é@ﬂfo%%&aqﬁ] sal)t%?r I%gétor

as supporting neans) are provi ed. Fur her, The term
charbees) @it féasurgenel @nhponusie, danti@o rfexdtier Th@ddtlilﬁ:] (ifﬂgactor chambers are

di mensj on of, a structure, while the term"width" is
not rthisiigventer and bexqnskthe descrBtihgFeady PHeIIIR carnegtion with Fig.

1 th%% 51%‘:1{0‘9 heﬁdeé ﬁﬂgd.tﬂgh e}a {lgglleg ﬁﬁ ﬂukt?at@ ?cﬂl%ﬁ? ch%g&{bFﬁts, e.g.,

ong or par a direction o
wirifig, q»\tugs rand kecketsanmbelianioshattaehmelitsy anlssodoske thatione ot Dmiilna'ry skill in

ener gl [ endi.cul ar to the direction
the i VGHE S gl PER R R an gt b of a St Lt ure
caprd¥sr&i LRSSdimeng b Hﬁ'lﬁ@én‘u@ﬁ 1ﬂc‘hﬁf&%‘é§t‘i?fun%&hm5@tﬁes and

wi dth then being transverse or |ongitudi
partucelg]de heating] fynctmés@dldmobooﬁaened ae et v singfe r]@acécbreanpbxsure can
i ment s

accogipafi S RoRo e g Fort B Ris s D AR IR fin fhalRoGutes in a

numbbdfTd@Fercht dtshb@hents ACEREiIngRSC FRS T RT ﬂl@ﬂtrat@@l;mgﬁﬂ@actor
603 of the invention supporting and retai

nin
enclewyg withitlysa meéanyzw@fmrﬁté@@tqfrdlﬁfﬁa%w@emg differgnt exgenplary

hcﬁﬁ%%hn&ﬁ%ﬂﬁ&ﬁﬂ ely, all with such conventional interna
C onents as susceptors control plates, inlets, and

ex lﬁausﬁaﬂy, Higyvewed il ludtrasdthal Héablﬁig ¢lochents hadppbradd, andi He[d in
. .respect to all the figure |IIustra .ed functi
indepepigniegodylps hPfitmsff%ttO@dn@er b becRalyeysarrang

rearliah%éqs& Ak gdod e%@foﬁfu%s 1%9 gﬁg m&%ttﬁat h@!ﬂtﬂlgt ﬁﬁctlldnkrﬁodlﬁésecan have
no Imting. er enbodi nents that are ot

diffarédt metnbatsed heatimg aloherde eqt. [k 3, #.unot b dratmpoi¢rests. oA leough
heatlrnegae?etn?ernts are illustrated here as resembling linear, heating lamps, heating function
modules can comprise other types of heating elements; a single heating function module can
comprise different types, or combinations of types, of heating elements; and a single reactor

can be configured with heating function modules having different types of heating elements.
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chanbers, other features and conponents, and so forth.
The details of reactor chanbers are not part of this
W0 poseqeicen, and beyond the description al readyP@r/osiodeei2281
in connection with Fig. 1, they are not further
described. Also, the figures do not illustrate routine
The &P AHURIYeSs, afd Srrangdhnbhtd @f hBdtihg FuRdifdn $RSdE®Isused along with a
mechani cal attachments, and so forth, that one or
partigplgr mﬁyr endlosurg greprferably satsated toypravisieh profiletfehember heating
sulta%'ieo or gle Cpﬁggesg Fonche Ei&(%tecf I % 36:1118 o:g%cﬁ %ﬁ?&?&nschg%bgp A single

reacm I‘eh¢16$ﬂral§ehyhd‘lfe altﬂfe&gntfcuﬁﬁgur@fmm@ldIaﬁangmm‘nlt@ﬂledtusg)funcnon
that a single reactor enclosure can accommuodat

modylerpErvigng diffray eptinggnefigh peleqtechd bersuipble Baratifferent processes that
t les in a nunber of different
nnlgﬁgéﬁggﬁéﬁ?@khggégﬁgyngly, Figs. 2A-Cillustrate a
si hghera daat, dligse AAHS sllrserateithdt uphergeb@xeahpCaiyreactor chamber)

heat gy orBi oD LY GHCMBH RS creeear s S v g the chamber
(or tgﬁlecalfelchbh? bf ﬁtb@esfs %ﬁé' 88 Rt AT, f@n@fhed%?paﬁefb?e RURPRLIRES the

I n 1 ndependent nodul es,” heating function
chamlmﬂ;ﬁr@shave haz\tldtdaethatbeomle adqohyortxyf the ]reag@lexj tlnechamber. Heating
rra

clenfeffisaf P g apdtdin bR F AR S 1o AtTobuadfe frapues of individual

heatfhigfel @h&id; heatipehs F@Eaﬂ”‘lﬁﬁ&th@ﬂtr&is@@i@ Ersojr Iéhg@rudindlly Srierfled in
5, or 6 heating elenments. Al though heating el enents

transgyegselyteripntadahceting Bmetiers mpdslentyiftnytrinsverse oripriatiomigeing preferred.
|
t sgpe% Qéfhs%ﬁ g_gc 19 re]]?&sltrg{éts g%ja% o?féﬁélﬁéhrg g%ﬁ%%&% \8 ﬁ[@ ﬁugr%leatlng

funceioa bﬂoﬁu&@,ﬁn@dﬁﬂ@@f 1de, 201t El lentnd YPlels all biviag foair hadtingngements and
of ty of heating elenents; and a single reactaor )
being éﬁ%&ed@@ﬁw beaﬁteaclwr@h?r REAHN the UpPRE POTE %ﬁ&&lp&re Hﬁxlu ke heating
f t Se h
elen{%hfs c%t??@%el&%}@% ?rroglnkdg)re}@nl%eggn§&t%§gﬁsngg t ISenatct:ta%gp% havglg filaments,
LEDmmysadmirtge Mkdz thaae padilecardatheir deagingrel emmitost il oauemed transversely
refer ed to vi de rofil e of .chanber

ot R long ak Rk cpits 2o D oo ST an ¢ b Igpgitudinal

heatﬁ%@l&ﬁ&@s oL & ﬁ RGdrt ‘B@lo@vﬁ%ﬁ@&r chafbet 2@, Buf 8RR te@é’upment is not
encl osure can have different Conflguratlons and

illustrnted iy tviefigu e oFadhediubtraged heating Gmctrod m@glemommm op housing, here

di fferent .heatin rofiles selected to su't | e for
reprgep e8I ERTTRF B 00 R0 S £ bR itk Re 1k TR nd Hhustrated)
mouit@dahc hdudiniioe redghidk heatirgdeméhs; Bnll lfdwsch@d EelbMadts, c.g., heat

(above the CVD reactor chanber) heat i ng function
lammﬁét Blystapted pitbiceasathrighig Suelkdeacsns (eargey ap destriggbeabling and

the 1IQNGe AT Qltm} h%%f&%ql%pﬁfus&%gdt o the direction of
process gas flow,

have 'a l'ength conparable to the
Wi dids. 28 id lile: b alvbexcepathdt fvavef the Wuﬂhbattﬂg&hmtﬁanﬁﬁd)dul@ modules
portiaon of the |length of the chanber. Heatin

223591 Trebahdvaribyss h?%mﬁé%qm%s F@ndeRdAMRD AR é&hlgbt%e other two heating
funcﬁﬁﬁ ﬁmﬁ%?trﬁoélﬁ@st 2@3@ 2nd &2?1({] fhyd firheds gteﬂé?lgen@é CfHiRs Eognﬁguratlon 18

eatlng anps can be either transvers y or
advantrpgousudipnatifle/a beatiegtpeafile with increased heating to central regions of the
reactor chamber, but lesser heating to regions upstream and downstream. Since longitudinal
widths of all four heating function modules are substantially equal, the reactor enclosure can
be configured with any combination of these three or four element modules in any

arrangement along the longitudinal gas flow.
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transversely-oriented heating function nodules, with a
transverse orientation being preferred. Fig. 2A
waehemetoecal |y illustrates a reactor encl osur ePCT/US2009/042281
configured with four heating function nodul es, nodul es
221a, 221b, 221c, and 22 Id, all having four heating

el ¢ atsnamtmhmleaﬁﬂgaﬁg@@o@h@&ﬁeg QAGIR becabRTRRAINaAY Jriented
in the upper portion of enclosure 201 . The heating

parapldplin long axis 06 theehamberd of foothe Kiestonied areagep gas éW@ﬁt lave a length
t nt r

comfte AR ATRE LG B SR RO Bty b i

of therchembed Pigfanlsly closel gbe(dothe @@Dg‘&&téﬂ chumaag héallntgff&nctlon modules
| ong axi s of chanber 203). tional equi gmant e.

are qrisnipdralRnerthe longaiisndn eete ambodigieRtsplowsy Beag il may not be
r I

hldF Sk AT R03 Pty SUOB EVRTELler LR, vy

modhilanicsticrofrthdlover ¢onprpipsie hicatenghdersemsis aldeatr&ageeps es@détred permit

utline by dotted |ines; fixtures pl ugs,
ﬂe@ﬂ%ﬁ@ét@nm& CBh&OHiRHng hsettm.& E@W&P%‘H’)les PindtBeiGhd pHut
fixtPQY ?bﬁﬁorﬁﬁg h&@ﬁ@fﬁﬁ&anmlmgo &b %T&Hﬁﬁemé‘tﬂ%é Ruding provided by
heating elenents, e.g., heat |anps 215, illustrat
uppfwihteatntghsstldmnccﬁuleﬂg poSitieting é@aémimyctfoaamduw sass to addltlonally
utin

heatFhSRtit et poionmEupRdet it ol Gufdiohs REnifan hsgting function

mod@ks 8plowt thateacid cRimbdieaddsrforat i ng function nodul es,
nodul es 223a and 223b, have three heating el ements,

e. &n mopedgtail, g g@ilgstrm g @qnfugh@tlgtl Réth lpmtm@ﬂlym‘lented heating
funcEI g fx{odgf%s ?Eglaué %32255%39 eg %el%a/ %acq h%ﬁl%gf 2@9 cg%g{u ment often is
q I'S Ccon ura ron Is van g

assotiatedrvoith slecasdraaletsng wathothe hﬁscwptbh Both mesduds Haeathr&g to
central ions of the reactor chanber, but |es

1011%%‘5@?%@'0{1%“9‘%6?%1% ClRESe & élﬁ%rl%m% ?%Zaﬁf‘tesﬂlﬁé @etween fixtures
in th Q%lﬁﬁgl'ap@dds\@%ﬂ{egémgﬁ al ﬁ}ItlQIlé Jﬁﬁﬂg' 419 tflé"ﬁﬁé 'ngﬂlllustrated)

nmodul es are substanti a react or “encl osure
Optionaal cqeipoenf, e frenkvaist lheamg edﬁndmta abn baprkertthbse feheteechamber

r four el ement nodul e ny &y éa men ong, t he

203, Wyt sam e isanr P Ry STSE Bal o Pt Poniioned to
leavé b'&ﬁltaq qan%]ﬁgﬁiaﬁ§ o%ﬁtealr@mb@ﬁ Qélé]fotr BeHicp @Aldlym@ﬁﬂ & gt 8uipment

par al | the long axis of the chanber (o
assodiatedorithothe gfiscpptot esth grasnferingithe loagefage péthgtr{:actor chamber, and so
fort conparable to the I ength of the chanber, and have a

lWdth that is only a portion of the width of the

chapdyered dhgddemah ¥ tHiPiRent(oaalwntinge fMriseaetalks of diverse

chanber) heating function nodul es are oriented al ong
typeg.Haclpding fenaxgmplon medpieathat erasewinieqrsors flowiae infedhs regetor

chaqgl%ﬁ‘?,”@hg.;ﬁ% bRy gng’gy {&ﬁ Lt Cd?gc%*réoﬁg rFLCH% %k@?od?&’ﬁg R&Senergy to

e reactor c

creafﬁujplhﬁﬁd pabiodolesfvithi® fussin thasdrvepp @taceliveddrs itga configuration. As
el emsn I.s ady ntageous in order to permt flexible

withJisating P%ﬂ med@ Bo¥PES: BRMAGSHEREHATY, andritapgements of such other

modffRd ﬁk&ﬁalﬁiﬁt&& a r@ﬁ%&g\laﬁ‘ RE R ERYbsur %%ﬁrabﬁps%léct&% Reew of the

heatlng ules so as to co
prochesatb ibagopduwetidde @n byclumdéiVBeeadting chambftrl on nodul es;
p0|t|on|% heatlngfunct on ‘f' SO as to
s}ystern configurations prefe 1nc ude one or more metrology function
modules having external sensors for characterization of internal chamber conditions and
epilayer status during an ongoing CVD process. A metrology function module can be

responsive to either a single parameter or to multiple parameters at either a single location or
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heat the susceptor; positioning nodules wth

addi tional functions along with heating function
worpdoles2bel ow t he reactor chanmber; and so f orP¢T/US2909/042281

nore detail, Fig. 2Cillustrates a configuration wth

| ongi tudi nal ' y-oriented heating function nodul es 225a

mul@$l6 néAbP | RkAGRAviREh QW VB &I chhapde MbBle nfdlogy function

equi pment often is associated with precursor inlets or
modyjes lgan hecenipeqshab diffaentiex el lasatienpie be ligrseive to in sifu parameters

at mRIOe \ dtegdsrpgéegdl 18?%9%1? w‘itﬁgl dr%%étoﬂ&}a%lb% ]Etiss Qarﬁ‘clgaﬂy p(%lﬂteed out that

ween ures

metrofpgi flikkdion aho i@ oniprikd %@oﬂi@dwh&ﬂi td thi XhathBs thavobsdige conditions
and the like, not illustrated). Optional equipnment,
intergorgo agrpagtasrBamberbiouph gheharmbiy SSquagg frapeapie Seht The srastor

R PARTIE 1% o SR DA Ll

function hedukes c&ht cladmbersrgbttuthmphicyt walleat ecbfereblyonbadifially

free for oth r equi pnent assgci at ed
plangfigad tp RESVEHE Sstdon i ﬁ’% g?éi%émn@?ﬁ% NiRiolPevBcisgmodules can
readﬁ§ bk P&rlraﬁ?&f, gécoﬁﬁgﬁ’eg Tor ré}ﬂgcea%lsg%ﬁlhchaﬁ[b%f ﬁfoﬁﬁﬂ:atlon

nmbodi men thf's i'nvention also include function
rmE igse3AdS illlistrete secacyqresclobure it axgmipbary ecefrgakaions including both

S that oce ecursors f intp th
metrrlorgo&é/t i CU@H es agﬁ 316?‘[1 g%kﬂw%ng;?%sn gsggf Q}g(ftéon modules
are IRHG SIS, fﬁﬁt@i@n@ﬁodﬁ%s&f@ﬂétdinﬁlﬂ:d% pediedigy atsﬁlgl‘d @att®ordbut can
pl asma, or nodules wth no function that serve as

provmea@@lﬁl@l%rbffsrenhfua%@ﬁf ¢-gu p atglerfungtéionfnedile ez pragide both heating
and Inléﬁ‘gfo&g g gﬁ@ Sea epoo%%&%so’f a $attor gﬂ%f)& SN 311%’[%{1‘& Fig. 3A

nents o SUC er no es use

1llusfiaife‘s? b Qs By mét@Elegyofunenied msdile r@p@n@ﬁ@ﬁ@hﬁﬁlwo seeﬂl@eatteﬁ (e.g.
n view of the process to be conducted in an encl osed
modpjgz@ 11 arg yv%pnmetﬁ%llﬁ@é Funchpn mogples %pg%\feé}ﬂmanly to epilayer metrology

paraﬁn%%&% g%,?h?&lﬁés Rioakg 36?]@8 'Pn%blﬂjﬁlug’t?ﬁesorﬁet{lWBQ ﬁmctlo rnodules

unction no ving extern sors
respotraveatotassingi@aparomewf (d.¢t modak 3¢ﬁ<;h)rrtﬁspomsmwo two psraaretbrs (e g.,
tatus during an on A
modiBi 113N S o8 FARERMGO e Pl P oa % oS T EE3T 218 progpe 3174

has @n§r8 9l @rd@ﬁérﬁf%ttg fa &Jtrlf)&ildi‘ﬂﬁfta' sﬁﬂg% ﬁeﬁfﬁﬁ@feff 8r8ssdthe %hdtﬁ ®f the
a single location ornultiple nearby | ocations within a

reacOypharabast Mettﬂm?b@ncthmmwhm:searﬁgwdib'@gyﬁgtumt #hayie the reactor

S ferent, ext
chari3 S48 s i SOBH B e BRI LELGI L HREb AR Altematively.
they'tah Be bbifahe SPAGR ehd Reabi easmbet.t hin a reactor chamber.

It is particularly pointed out that metrol ogy function

noMAre spesaiifsty sliigsim dlbisgatex  aastar cpgostie of thapeentiongonfigured

I
wuhClﬁv%‘?fa‘ﬁgv ?%i%#rﬁ% éa@l‘hg S%I‘rf’ct%gh %}o?ﬁgeg grﬁzag{m&ﬂﬁ%%ﬁi three
transrveﬁety%neiﬂth&il’fbetrolbgl}eﬁmbumdﬂheSullQBO9?ueGﬂl tagd BEIBTOTh ﬂwedleatmg
way to ccommfggge nmet rol ogy functjon_nodul e

funO'FH’é H&ﬁialr% &¢n ke yalat b the herdimg fangtioRanedulesdesgibsee én %}nyctlon with
Flgssy}z% afifd ﬁ&kéeym& A2y fuﬁa%rf Qo1 yﬁ@&ncﬂin%e%%bgﬁle%séeia&n (or the

radi ation pr Metro ogy function no ul es can
central region of the reactor charnber) s0 as to be responsive to conditions at or near an

epilayer supported on the susceptor. For concreteness this figure illustrates more central
module 311 primarily responsive to temperature with two adjacent, more-peripheral modules
309a and 309b primarily responsive to other metrology functions, e.g., thickness and

roughness of the epilayer. The metrology function modules (like other function modules)
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readily be rearranged, reconfigured, or replaced also
W th chanber nodification. Figs. 3A-Billustrate a
WO eaovars2@encl osure with exenpl ary confi gurati oPGI/US2009/042281
i ncludi ng both nmetrol ogy function nodul es and heati ng
functi on nodul es. Al though single function nodul es are
comptisdsdub i ® thdnRER, hekd R ih id@MeADiHE @Sudh oNdk hbhtgt Rectidh modules
providing a single function but can provide nultiple
bmﬂéﬂ%@éﬂ@hﬁ“ﬁhﬁ&ﬁ%dﬁ@@ e.g., a single functlon modul e
¢ :g}%ggp ggﬁrak?e%tatﬂo&%ta&@%pgg%lg@&{f?%l?%ng YP&t 'ch?ln? Ag cornpared to

Fig. BiAQ tw@hwokd-perihcall @s:trdloply fgh@iorehddul @ dwivé bétﬁltrbﬁfaﬂ’gﬁdi ubﬁrearn and
responsive primarily to tenperature ée ag.,
F

3
downsticagyRf thwisRerteio| BERCIPBNEINFEMN medue 8474 ]é%sﬂl?ﬁ% W@nged near the

mletﬁ%%é&% ggng)ﬁgio%g{)e)dmgtﬁhgg% ﬂ?lrﬁiﬁpg%gtgg trlg elél)l/ayer, and

metrbloggtfinonionmohdués3 Fddps bsemmatmge@n&r nigd exhpagt anmneas conditions
| ve.to.two

subs%gliﬁ%’[ to r%%{uﬂlnglt é\f;d)layeén ?ﬁyn@pg}g)ntraoflﬁ? zgﬁ)t femains over the

suscBROAREI 85 S0 6Ensd concﬂﬁgﬂkl & tﬁ%lgrmvmg%p?lg cr'id lt'ﬂeesu%e%@orh %Slthough
sensors 319 responsive to a distrib ¥|on of a single

hmﬂpé rualmgéudla@ireemt t:¢mpam<vbltd1th@‘su&ch1®or, seawitad mogdhlendigb can actually
dul es are U

mealjiie Con R ARTESS B ol Pt G Sl pEPC LG the susceptor

rota@Peviend GiRere{dinl awefirtBérecokipdaldl ty P‘@SIA £ Ybr this alternatlve metrology-
Al ternatively, they can be conflgure bel ow t he

modpkegonfgurehemplrve thwrcactehelwinfliceqppner f4ticgs made available by replacing
the thylo ¢{§t Jléﬁlgrﬁ [Batid eg?ﬁh@tﬁ EASHAZYS %d # thtagléﬁoer ac%ﬁgglﬁljlaﬁ%h with one two-

con ure ransverse

elenfeblﬂﬁtd ) fﬁﬁﬂ&bﬁ@nt%i@ng‘lﬂldcﬁ(ﬁﬂno&ﬂds tifetdéethe present configuration.
transversely oriented netrology. function nodules 309a,

3 Moduignl 7sa9sn crpply r{l@@%‘é&bﬁﬂ%&%&?@t T |oAstlthaut fygetion being
usedqg t7d ity c&rﬂig\qknpa?ﬁhle:?%fgﬂgéof&l? %ﬁfy'_raﬁg ?Egeuhﬁecf SRS ‘ftrlk Q@ﬁred in this

i n connection ree netrol
anaﬂgumﬂﬁﬁmtmm@uﬁﬁmsaf&mnﬁumn&bwabmmnnbh&ﬁswsmpmtbekﬁ@nnmmew

heat?cge centd gl:et éﬁ% %quﬁﬁf: 8%)221 %ﬁr seegget %gla[? a%gb Eiﬁ% ‘[hzgﬁ%sassmt in retaining
oﬂm?ﬂﬁ@ﬁéﬁﬁﬁd@@shﬂ%d%%ﬁ%ﬁ&iﬁkn«ﬁ@r concreteness this
figure illustrates nore central nodule 3 11 primarily

r edippiesiried emlmien@w off thisenwintiony lw@emd}ifatt éurtction modules and the

reac{ﬂg SB%IE ?FD ? Btrlbcttwga uﬂi??%{f} %Scygpﬁﬁt& ?%eﬁ er sn%bat a¥eactor enclosure

can AdtbBNRISER EMEkchOMGIRRESS 0 aﬂdm@raagéﬂlaﬁ%f fuhbRor@ba@EO so that a
functi on nmodul es (l1 ke other function nodul es)conprise

functigigiodyls dandr eaedeia diderentgonfigeratprscndiaaseqAvlis i2ng optionally,

w5 DL G255, 95,00 0B B AR win o

othep ﬁ)lScSalhtb the(abﬂfty guiisatal fonciodfmedudelvers diffsctasguasreticlosures provides
[ two nore-peripheral nmetrol ogy. function

ﬂeX%Fb'éign PR CpR0BY é%ﬁng]éé?%céq{ééh“sw%fp EHHY IYENIS - rgaRstor
encl@furd Gzﬁh%@@ﬁ Edor cﬂ%% QWu&&i&%ﬁéHﬁlé&? i & ﬁ’%&ﬁ I?ﬁfored to the

een arrange near n et to the reactor c
needseii sl'fffarcmdl\t’li) pnsepick oonduoted eattin dre chimbére aldpvomg m@Jse and

and.
reconP 1gura Stion {5 of ex1st1ng reactor sub-systems instead of purchase of new reactor sub-

Systems.
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nmetrol ogy function nodul e 317d has been arranged near

t he exhaust to sense conditions subsequent to reaction
wa@rowheseepi | ayer. Metrol ogy function nodul e 31F@T/US2009/042281

remai ns over the susceptor in order to sense

conditions at the growi ng epilayer and the susceptor.

Al PRaued hdafth§ @ghctibn hidadict Bl d2adritRY ekt in RIS @Et@ﬂ 4 following,
the susceptor, central nodule 317b can act ual

prefereegsmeteolognfinclionmodilenand sonsors are then desedbgst draS‘(lfarmeferred
| [ C e e susceptor rotates durlng

raw&Eeh8¥§H&”§§g&$gggﬁ%l%%%ﬁ%%ged to Fig. 3A, space for

t hiTarrahg firsnat ﬂ“emremifrpcdfagmduﬁcﬁl ®odileq ueaal ireidnfipemeon or

the reactor chanber's upper face is nmade avail abl e by
rearraggraRt R fungEor Wedricy B-spwAADYiesening frgteninules in Certain

f

stanH‘HQ Q{zgﬁ%ﬁ\?glﬁ k us \Atgé‘ gﬁﬁﬁg g‘é%%tﬂe%ggﬁ%%ﬂ}o\yﬁg e{hldgﬁﬁlacement In an
exempidnyl asbadsecht] funttien podde sizes:cumfhegmom totbe apoduineatd3 sanple

no mntho functi or at | east
fracwnrs wg rﬁ% %ﬁ errsoﬁj tﬁ%reﬁ@toa JeRox wg'ﬂe {ACton Fnclosure The term

"simpRVA BRI ARles SlchfHRELACRDNRNW, &fe-ird P& JaHef ®he-sixth, and the
since it is desired in this arrangenent th a%

like prbcntg \Mlmls th@fr strdl infggertrownltigewrtsg.  menthotls tthleeslusrt@g,tamrd thelike.

fi |
Trany eIy B Re g5 ot S 1SnaRREE, g TRt s Suifmpie
fractidsif e 1en @th BE thefrbittdd ABloiMd khe be tdadil eirindddamm@dhe length of a
positions. In preferred enbodi nents of this invention,
reacior gaglesde nForraxamplcoAnermadile of andthope-half sen tadily be arranged along
w1the[@%|r$(ﬁ&{ﬁe%s f‘c&'f{ ﬁt otnr Lﬁr%tange gndagbdfo z %gmhé)rl %’@Cﬁﬁkﬁg riented
eactor enclosure ¢ accommo %?e

funodbﬁ heidart witnfdngiugred wiils @ifvdtedras singedimplesiratiohdsfihe amdth of the
nodul es and so that a function nodul e can be used in
Teactyir LREPBIE CHP re@@rFYarerlsﬁs%eQﬁaméfr ths g dide g cacpygnclosure.

FP&%IH%pxe & Cﬁl‘ugtfre?té b fr%?s‘%&% 9091%11{%3 ll’l%ﬁﬁg f§ﬁ€ttbn modules,

abF ange unc f'on modul 6s Wi t
rnodutels @R 1adceaah hwvmg e vatthldf tappﬂommkﬁely antgnartdraine kengthl OEE enclosed

ith differe react or en osur es |des | exi bj
oviiacieg b T s fgreerahdin fb gt LYo ould b dudily
rearr'aﬁg&f‘ bl 14 s be r&rdﬂf AGHRed 89 QRS R ti%h hddalcCHAt have a width also
reactor chanber and tunction nodul es) can be fl exi bl

of appapxioratady ee-qirsten é@d&lamfoeldlreﬁgtbr Emthm@lqcmdhessresrter -width

onducit wi.thin the h reuse a :
funcFBR iR G5t B Pt NG AT R g ceRb B R EY BB of approvimately
onc-cipfthedd cRimiui ot Bagesudd 1chely, bemat Rich il ter-width function modules
stens. Preferred heating function nodul es are

couldi@ éonlassd bijessinglomediles beting p Widh@f peprpEipatyy one-half the chamber
metrol ogy function nodul es and sensors are
Oragﬁﬁ%ﬁégﬁ Plbed Lastly, preferred reactor encl osures

ar Sirfgady, IFE@ ad iflusmirtes tdetlanditudibatiniorignttd h&ttlng(functlon modules,
featureg referred functi on nodul es,

modulgs 313 aﬂn%ﬁ Vgl &H@f@ﬁ%ﬁmléﬁonﬁlﬁﬁ"( § Wl%ldrf lcgglosed CVD

reacio? chd Heg. l?’}{eééergrb Wes§ MRS LINB Y l)l?%tddﬂla'ﬂ tidhtdd region 217
st andar Sl zes an reusabl e unti ng nean

that pealsui approxgmeteiyoveatthad dher wpﬂltlaoétﬂre n¢actolr chamber. It is apparent that any or

all of these modules and unoccupied region could be readily rearranged, or could also be

readily replaced by other function modules (with a heating or other function) or unoccupied

regions that are also of approximately one-third the chamber width (or of a related width).
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exenpl ary enbodi nent, function nodul e sizes can be
chosen to be approximately sinple fractions of

WO 201606020 si zes of the reactor chanmber or of tPE&I/US2009/042281
reactor enclosure. The term "sinple fraction” includes
such fractions as one-half, one-third, one-quarter,

oNEuidtivnfinod o elsb b@eraﬁb%ﬁﬁﬁﬁﬂr&@ w‘ith@hcfunﬁﬂg Ideans which permit
integer nultiples, two-thirds, three-quarters,

the rpdleste beirkasily plagad \a@? Beldyn areastor eaclpsmetand rearmagedia the
t d |
encl&utré1 rl:rgﬁxgéd f?% efn\Mo% % rchtthE g&? eg@ or?lggtg% otggarng can 1nc1ude
screWs, dlipadind o efmlamged W&ll@dﬁgwhh@tﬁeeﬁgt Suct n@uﬁt@egcﬁleans can also
encl osure. For exanpl e, one nodul e of wi dth one-ha
inclydgrledaendidags waides randgedomh %ge@dse)nvqlwal%dalt@saréfand that possibly
I
matlh So NLANA Loy TR 1R FictorbRpAES Ba gy to support the function
moduteanduelr kes pictitritdy. smcec ede Asctorc modulkepLen o @atiiponsamehtly or

t he dt h 8f t he react r enclosurﬁ' an be re d|| h
permaggpthaifgiteddr P SECIORES B¢ty BPT ¥eldeRAtsrandiel B%r guch mounting
redub th€XHMB} @ reddig- reg(ﬁﬂguel{%trézﬁ{fﬁ%e ftlfé”f'hn@t[d%%&ﬁﬂ@seihlé reactor

ori ented "heati ng function nodul €s, nodul es 221a-d
endemmh haV|ng a wdth of apprOX|nater one-quarter t he

f_ encl react or chanbe 3., 1 i .
Lo Biisea ' fRF HBRGS S AR EPh PhosBBS Fahhe B8Tnstiby nlaging them on a
sepahﬁ@ ShgpBrirBah B3O8 6h thefre £t cAcRkge. Bandtﬁﬁdhédﬁlés%ﬂh #6e8ained in
by other function nodules that have a wdth al so of

POSiH@IHe Ky alteit RIPPOId FEIGEPY Breirtwiglttdansernd sorfgeth. orpltematyely, the
supp%?t gtﬁb%flgﬁ ?I%C\?L\Eb%][shlﬁf% g%ttuﬁeg éﬂéﬁégl (ﬁgl\l/érﬁl%g i&Pm g?ﬁ 91;1 She of several

pre- @m@m@b@d@aio@h YTenamppod Iﬂﬁd’mﬁdﬂ earchéiﬁb.&turéld alﬁmmissmrtﬁat function
l ength; or twg such quarter-wi dth function nodul es

modek?a can plgo P%Bv%fe@@dwloav e Agpctor rB T PE's 2Ry GithRy CACRR eftagnber, or

0 of [ I
bot Elﬁgﬂﬁfpgé nﬁlﬁérrl\é?}? EIE}I]E@ 2‘%@ %%@?@?g Sag’ s 1B h&or enclosure,
or ad mmg it tlxdwmltdnchambem beathbtreastengsf Uhstratod smmid)uﬂ meember 305 has a U-

nmodul es 225a-b, each having a wwdth o r oxi mat el
sharg R D R T e D T e s AT o A gsabrise paralcl,

sepa?egg’supmﬁetﬁrstfﬁ@mﬂgq}ﬂn?%é &%%@o%@?@déﬁﬁr%ﬁclbﬁﬁg' tudinal l'y
ori ented region i's al so approxi nately

on®exhiadditipnad andl grone sifectfivefcatores b funshambedules arejifustrated with

t | | t hes. dul :
refeReledbed s o BT ReRa BB LAy TV edPE DGR g Figs SA-B
(111u§1ﬁiﬂin? catmplaBemeeaidLy Yurceph aoadichy Gdmedlyf thaed fi@iftes illustrate that

nodules (with a heating or other function) or

functigp eodples gan eqiniyiss fupctional @mylogentsfe. epnabRg plgmentp, sensors, and

e f
the 1ARGIN B R AR ot Bl fan® et B Bnal compongys
Althmglhfumemﬁ moduloehnSingk acdstivetundd artdezadnd ubcq&rette adéescribed with
readily placed and held in a reactor en Ios re, and

one P]étgplf@d‘ﬁ@(‘é@f §N§ qsp,r@s,éﬂgcpg%sd}ogsmg%%\ﬁgactp endent of, and not
I
e e

removedtane raﬂac@d vSthoht modirficatngn ofﬁhﬂseacmn ciadlesoré. nNidbusdiezs are
schemga;llsy 11111 th]ag e(gliletrg B&ﬂa&tqﬁg ?18382 él{l I'a{?halsaosscﬁ‘ern?at?caﬁy 11Yvestrated in Figs.

2A-C by short-dashed lines, and in Figs. 3A-B by short-dashed and long-dashed lines. Means
for supporting and retaining functional components usually depend on the specifics of the

individual functional components.
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mate with correspondi ng structures forned in a reactor
encl osure so as to support the function nodul es. Mich
WO eas/optoed er abl y, one or nore function nodul esPCHES1989/042281
sem - permanently or pernmanently secured in an
encl osure by, e.g., spot welds, bolts, and so forth.
Sughy, apuNtithges’ Ll he eRwt dTxalblaky Neatiag rﬁﬁﬁﬁbhlﬁlodule 401 Figs. 4B-C
reconfigure or rearrange the function nodules in
illustratgdrappvessscinddemrmtudmahsectigns, Bspeadiyelyl plidismedule. hModule 401
t| d Cl h
compi b Bl BTl GO B TR R RUAE MBI 5. .
plugELHOCIEdtQ or fh’tdﬂie@ﬁs @raknden irethalafefbrisiiprosnd, r@nintig, smthaking
port nenber by their weight alone, and so forth, or

electawleqqaa@qt\%ﬁ {p the heatigrhenentyelasdrsuelh heating funssion gradiles can be
conﬁ%ﬁ’é £ ohbat fé' &ﬁgﬁgaeﬁﬁﬂ& Ypen H{o%ﬁle' 45198 rﬁ;%l‘s{rated as fully

era pre-se ecte oSl tl ons. support me er can
poplﬂeted; tvmnhd‘ﬂ beethgahongitg ebnsatstkiat, Elunct i 8h Nvbdardel. BaRadiative
osi.tioned bel ow or chanmber , gfov

rea
heattnﬁee St G RHupeRveRio L{@ﬁlsmﬁhﬁ ISP S8R

1ncl&f%r59f1&l st IEmSAIR LR 0§ 8 I751 783145 &4 o’thrér LR elBRGbRnts.
encl osure, or as Use e reaCtor chanber, or ot her

mafeg. Al Eustratésus e édtaé @pﬁﬂmr\tlewenﬁertraamrhasctwn of an exemplary,

tran N EBE Reyiie Brial bt o MRERE: CERSREY dn it otRgty wodules

com§ﬁ£&lﬁfu§m@§ rStalnitiinB&hsFbOGE dritfore dgRSrs0hnd Hie drédéit Qénsors.
encl osure. Next, additional and nore speC|f|c features

Metysfogy fipetionmedides aas hayea fikedeanfigneation SuppeEing ead cainipg a fixed

numr%goarl péé"-pélgctéd %_én%'&‘s r@i&“g&z Sﬁﬁ.ﬁ%@%@%’ opga%t Hevd fn‘[‘&h%‘ia{roﬂemble

r can also

exenp

configgirating g;ppbumgtand Metaidhg a&&a)nab@aﬁmﬁ%k bf/dlffehﬁg Setfsbg;tm @ariable
illustrate that function nodul es can_ conpr

arrapgsent- &@so%}?ﬂgﬁ%megns (‘émg)rowﬁ%g)(rlfﬁﬁ éq:néﬁ@rﬂf $re- -selected types, or

can &Hﬁtoseﬁsorégfddlgfla?enlt {g?@s toad%qeﬁobéHJacﬂdlr}g l‘%écf% ge%%ng ?Sutine

upporting and retaining functiona R

mairAéridnoe)g Ibehsome tanoe cmnﬁgmed 1o W ssi s seaus@r-lsiusm:gtom ipeckagach single-
sized to operﬁ cribed with one or nore

compneaf HsUpcI  Ga Peson i‘ﬁi‘&?}f]é‘? ROLSPHEE SSP%)TE‘PP%}E%‘?%H&‘PVWS (two-

comb&%?ﬁ‘éﬂlg&@} oftan BGE cﬁﬁ’ér t%l e%ﬁlcaflﬁsﬁgﬁ’@ccﬁﬁﬁﬁfeﬁf sensors include
encl osure.” For exanpl e, ey can be separately and

tempem@ium sdusirs, yeﬂe@ttmtjesbnam, andghablkel twp tchoponand dérisprsan¢lude sensors

¢ he r.eactor eng osu ral Fbu5|F S are s qi tlcally

© g‘i‘sl ‘ioﬁ}g}"?%‘f’gdseﬂ%%o \ratiST RiamdeT gl RReis g Bt 5% so
schragatisaatct YndtloldgstfuadtRe rhoduid B ho%é‘m%:SDY (schematically illustrated
short-dashed lines, and in Figs. 3A-B short - dashed

by adell qiaéh linela 8 Rlwality géEctaipgiacany p0% tqm@tﬂwrrggswi@i component sensors,

I e

and & SRl A AL SR a0 TP P a6 SRR R T e

numdésiahd t!,ipfeﬁ af esaiding haanyilkwratd Roreap idoytrdigal T module is not yet
functi, nodul e 401; . 4B-Cillustrate transverse

popuaigd Mgy SerseE ecHH 6&@“3@%@@@%%%@? megrolqgyj fynction module

511 HB@'%' {chﬁ W Emdhe Sﬁg%{ 5R&Xcdht RAURS Jul 8 Ip(begélﬁ{ea%ﬁl Wl

i ne, and I ng el enment
sensersg P,lural retaining means for single-component sensors here secure and retain single-

component sensors 509 which can be of the same or of different types in any arrangement. A
single retaining means comprising two separated pieces (505a and 505b in Fig. SA) here

secures and retains a single two-component sensor having components 507a and 507b.
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pl ugs, sockets, or the like, as are known in the art,

for supporting, retaining, and nmaking el ectrica
w@onneelsedons to the heating el enents. Each suchCTres10091g42281

functi on nodul es can be configured with one or nore

heating el enents 403. Here, nodule 401 is illustrated
as Ndﬁitiohapdh@éﬂsaif %&Md@ fhhé’cﬁﬁhh&ﬁﬂ@s' RFB Bt ilIB4EARNInFigs. 3A-B
El. 1, H. N-I, and EI. N Radiative

withiessertig r@ﬂtmh@ﬂ@O@é% 3W@1 T, ershyididt ilsmalicone il 8¢ 3aleand 323
représég{qf‘rg&{gqt &%8@%%?@&? goergﬁén%h Sens%g ﬁ@g %%eﬂge%ent means for

moudtingtw@cdrhpehcaosgnosnenvitrofdgy. fuﬁa@qolnlduuﬁﬂer 3 R&shak bedmtaiored for
detail a Ian view and a transverse section of an

mea@%%mrav et APROVE RS BISPUIGPT SAHERRY RRIMBINGgYhoUSIHE tYilYR two-

|
com{FHLY B C%%%%Oh?éﬁg@n%%ﬁ%“%ﬁ?&%ﬁ S RAHE AT SATRRLS nsors
319. ohbtmlrogmme:tmemsmiuiaa 3 IVeithraee bepn thilored f@menvduhgsropamics of exhaust

gascr X GEDHeAHE? SO P LElcb bt TEDRGPUY i3 torspggent gad composition
sens8F. MASRIB Munct®in £60u1E3Y R RasREMtAbred fofHeBuSing propertics at the
configuration, supporting and retaining a varrable
suscaptabey pafulaingfaeiuither wesiagvgth sitve- wnpcabhtegaa rcpamgsnem ensor, a
ensor retaini ng means,can prov. sensor s
numBet el Ehpat; (RREGF SeBh Rl L S SRR Enponen
reflediifitescapdrsBypes to be renoved and replaced (e.g.
during routine maintenance). Sensors can be configured,
| nﬁ@t@l@gy@p@@gp@@es{mg@rw SIMPEECIONG OT (PIC SCNSOrs responsive to
ternpserﬁglle Cs SQIRQNE %Bnix%‘t%%‘éalatl&{ re?l%&ﬁﬁ) ?roﬁlo\?{thlgl{fiee gha ? atn\ﬁgensors
e sens

respslesﬁl@a]b%hs c@hp@@ﬂibtbﬁlthﬁl thd hamtiey pﬁ&ho@ﬂh@@lﬂrtyferrsd sepk@rs are
conponent sensors i ncl ude tenperature sensor s,
impergng é}ftsr«‘wqoy duclorgupecssegnilic dmentipi s nof igiisd i isemyensors types.

0 f
One SEBRHA Sy SRR A% SEFTPLTAOr A8 GUMRTLONTThe FRISP0ul
descriptiors heratnedrilirbe ahﬂb dxg\ysefsunln: bnhensetmmm irembtaxslopy figichgn &@dules of
. (schemat i call a bold dark Iinpe), .
this [V G QPSS A B Rrors B ot e yedgrigh reference
in prQBNSNSHi qgnsors and a single retaining neans 505a
and 505b %or retaining a two conponent sensor. The
nufioesiderargifinsyisewpetature @@I&bm tlngserr@am;s piel g@scrralsllf eskThleand

| ] t Thi d t
advifaigoun T ey obP i ity BibuactSies SR RA BleRGs anpric
prodiet dadlbeyodussdt HeWcv@ROMhRy Surdcht tdadierdtereStilokkscialli€hose that

nodul e of Fig. 5A except for being fully popul ated
rely g thergeeerlesd & kg sitwatedan grrgpctereghy Ph'@elw &Rd 11f B region of the

wafd! IQaQJe%nS\QJ%%gS éaé%pﬁl%{lfdé{% %1 er% 1?)1?6%,?%11206 Stg%respond

si ngl'econponen sors

onlyao sfvigdcdddecedthetty mﬁshmnedif&a&ﬂltlasn gﬂlk’fe ﬁtey afe Bitargdl@o the chamber
retaining means conprlé]ng two separated pieces (505a
and gxpsegpighe Rarsh gterpricopditignsecur es and retains a singl e

5\8@% gpt%%&tat QQ%BISI'@YIHIE ﬁ*@?ﬁ@ ré&t%rt?a@?dath@ /D cTarnber and

tronal detail ogy function nodu
resphizsree thakarmial faldattloame&tmg'thfeugh th3walB ofithhchraagipecTheyo thereby have
hlghg%%gbqgé%%d %fggor:lgs%z%le %\;Iore spec1gc$liljl, prefel_r?ed ternpgrature sensors,
e.g., sensor 627 (Fig. 6), are single component sensors comprising a pyrometer that measures
the temperature of a surface, e.g., an epilayer, inside the reactor chamber by being responsive

to thermal radiation 629 emitted from the surface (the reactor chamber walls quartz being
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represent means for nounting single-conponent sensors
and icons 325 represent neans for nounting
w0 do00etspbnent sensors. Metrol ogy functi on nodedCBUSHIN042281
has been tailored for measuring properties of incom ng
precursor gases by populating a housing with a
sufff’c?éﬁﬂ? ARt @B CQRRPBHetRA] rBERSEH). %ﬂlg@raﬂiﬂ@ B&fsoRfof this
~singl e-conponent tenperature sensors 319. Metrol ogy
inveniens beiwg meaitdommyolngy BinBemmodiles e be sradii agamgedgo measure
temBEARES bl ERi0L | RARAHSEARAGRucRY RoRRhati ng a same or a
ditteren hou3|ng Wit h onl'y a two-conponent gas
copasidédimdae rskttionzhsab,agiaficmneificond foeid gro3ddbefiBger carrics
. . been tailored for meaguring properties at the
infogpatioasoBserHPL poputhsiePHyycas flusknsey andoushergronglnesy Thereby,
- ' itk O , . of .
o R 5D 00 AN 1 WD o e
outsnie of n (VB chanparenpravédd thekhnesstayd sarghoess ii¥ABnation. Thickness

S T S L S AP B0 i e

natuf ESRAO§IoRK hRcE&HE akdrRample 8Gt@Imbi-eimsWe ENIGANE Bsh grow in both a
chanber, and sensors responsive to gas conposition

3D gibwihi moddesselhagiresn irgulavagfact mathdoprefedretan, semso}ly step-flow

e iportant. for. sem conductor processes, th . ..
ot T ingeup Al Mg e RS 3Tiee flectiop,gReflectivity
info@hatRihGah aEdbrdikiillylbelRed iR cafitiol\WfldaNkaHWi Bl aiirb&dssddsBabiko achieve

~ sensors, and in view of the descrlftlon herein, wll ,
highgequitepiogugis Suslyednsers san alse he gres! fondetistansieagf new or modified
tion nodul es of this invention. Qperation and

I'Mity of the preferred sensors are now descri bed
W Rizfle@fvatysoasdrd of tharifiventibare. ¢ Osifiglg coiposnnsdnder 623gare selected
first tenperature sensars, these sensors are generalhy

to mgawFe PPtEALPIRRYERE Algedidion.sre. cgakrten P7hdhat dapkeairgiiested from

surfEE WAGinGQRa AP g}%ﬁ%ﬁ ROinkRRht MHARGE &lf@hﬂ)lk}gri%{ngﬂﬂ% bt least in part
can be proguce . wever, nmany currBnt temperatur

fronse smmeesyssasyped wahlthe {dnesre Sublasensetsycanbe rdspompaataptiglsie radiation,

and ga-érg‘?nﬁld%g?itg ‘gso\}i ,{H:ren gpc’rues%(gtgggi; %gb aggigg)g{),lgq\qv\y%g 1 re]r-glg]t?c bundle. As
withi J¥6dr4eh o8, r&1cQtivityPicRVork 8RPAAGSRed dTRR roRk ) FdhctiBE Ynodules so that
respond only to slowy conducted heat, and limted

theyraet netlsixposcid és thediarsbecondisipnawehinrghember andean e flskibibaranged with
. ag%bgéqﬁiﬁd tg tEe Qarsh interior conditions. |Instead,
CSPP% at ur e“EENSOPE Bt this invention are external to
t heidaWl) chegiabehg fatohBoRians k¥otsPkhdaEd®d of[r%ﬁi k@hp&ition within
ey,

passi ng through the walls of the chanber.
the repereghpmbar/is uiefyhandeddvampgdony fermgveraldruapreses persaamplee knowledge
Ctical : |
of thg.%é;ﬁl’ptﬁggﬁfé é{r‘ g%ﬁéiye?g?{&ee{t Z]§er s‘;t‘lgfraég é?tﬁ% l%éﬂ%%ﬁ%%ﬁt?éﬁ%% course of a CVD

procs&naabs usahfor irdprogedicqyiod oeprecurbdraias Meastates s Atldoe knowledge of the
tenperature of  a rface, e.g., an epilayer, inside )
compgu QLIS %M?haﬁgbeb éﬁlrffgggqf@g%hglg%éng Gari be used to automatically

monitor gas-phase cleaning of unwanted residues from a chamber interior. However, gas

f
proce

composition has been difficult to measure accurately. Because of the difficulty of directly and
reliably measuring gas composition using sensors internal to a reactor chamber, gas
composition has, heretofore, usually been estimated from chamber temperatures and precursor
flow rates. Such estimations are not accurate, and further, cannot measure changes in gas

composition at different locations within the chamber.
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to thermal radiation 629 emtted fromthe surface (the
reactor chanber walls quartz beingsufficiently
W eanspmeent to the rel evant thernmal radiati onCT/US2009/042281
Tenperature sensors of this invention, being nounted
on netrology function nodules, can be readily arranged
t 0 SERRdbRhiseRRGASA BY&8ordd sﬁohfdlﬁh%aﬂt@%‘e@tshﬁe $hoakdbsfierdal to a
react or chanber. Considering next reflection Sensors,
reacfog ghambasncanafiteeidy agasuro aesecoginovitiog abend efyaere saparate socations
r n, c ickn
it Y b e e ety e DE0RP e Ghn By G0

metiolbgly fai@iohesaifsi Pecfbablyadicsd sadBors ebbretbttf;oue‘cdfrmﬁmh@ @as
romnng epi l ayer to the outside of a CVD chanber can

comppsiieryBomihe ’ivegsionsad sersgrhereperting of liaht pBer pavting kougl the
te t V. -
charh AR S Rk B 61, TP NERBaP i BRI e absorptive
coeffibienty mnmmqanmmm thel-'(bffelen‘eahsbldaprsc(elgt gascomp@rcha) sy prescribed
e.g., @GN, can gr in both omﬁh e.resulting
by i Pigi-Lambsg dria 4ad g el %W@ﬂ@gbﬁew&w i ipmanner
chardRe SRR eh Q6B hD@f@lQﬁmﬁt@(ﬁW)ft a@ GoinPodtiSHEFI RNl iBfaked for a
snooth surface with a higher retlection. Reflectivity
partucnlfaogzrsalommmsman sersovrmi 1egdtyr dambsebly frakingantasawiemehits @ gases of
K S|n1tar processes so as to achieve higher quality
nO%?SﬁﬂB?mlﬁ%ch sensors can al so be used for devel opnent
of PREVE erfiBsliifnk@d oP EACRSFRSitiofSEA Bt isMAIlYinSRIAS 8BS cOhponents
this invention, e.g., single conponent sensor 623, are
extegal tocthe gharebare aduisteopppnen forgransmitiing s visible ard/ett wlgaviolet (UV-
vis) Bt ocalr B A B0 RS Pectbf Blordfits ARG WA GO and a second
compéttnaforeecepried thicahinymited dighelbdangaral fol a@sduring igapéctial ptdperties.

a source associated with the sensor. Such sensors can
Muliple gas cRIPRISHOT ENSArS P33 B Rravided IRCasPoRIosition jaf e ltple
r
pOSI#lé)]%%lt%g%rg&g%%@%Sgr Gy @x%H%l{e,ﬁdglr% sg%%eglrs&r &H%e‘ﬂoglhoﬂed and
arramgefllte ﬂtelasure gas@ngmssioane throueihgy obm grosting bplbly'ef lano:themnsor can
o that, they are not exposed to the h

nodul
be DRYFRNCK: ATAS AR IS TSR B CSRA O P Rt 28Y 5 P%té‘ﬁ&él}’ assesses

the é’ﬂ'vierh@ﬁp)@iﬁﬁnk& £8&CVD reactor chamber. Finally,
consi dering ﬂms conposi tion sensors, know edge of gas

con‘s;ithgugh oot ilbistiatad, fumetlmem@d@lps aleawbbmited taeridingensingle

epus. .for ver poses
runcfy A RABGER PG RoBEHER She PRETCGnss Iy BRI mpdyppgna
provedd thakiplcafiffefeat Rlﬁbtll(mé%ﬁr kL p18 @y ek 6f € G ReEuRtiod t&MEBrby portions
process can be used for inproved control of precursor

of a g/ysD faaetRr ehaneler apgl scriqin &ar exigerlofa singde Bepipadination nyfdule can
1nch8%2(§ﬁ’?r§f§ﬂat&{)&gof%e &!herﬂk‘ rd gon%*la*% Stb ré‘sﬁﬁ‘?% 'ef%%eﬁ%”m?e or more

omati1 caldy noni gas- ase Cl eani ng
radiatin\heattl &dpd, @sd diesr hoemnd r@diaﬁtsemldonﬁmd)rwlemhmezmrngle metrology
as conposition has been difficult to neasure .
funchigg gogh pg gpn 1 s DRCIGH BRe fisPrice Glompntst c-gi A @&t FYmpgion sensor,

a suff?ée éﬁﬁﬁﬁ)ﬁl&%‘%ﬁwﬂ 4 agt@ﬁg%ﬁggg SdrsbO ertlﬁl'ef]Q safglSdependent function

to a reactor gas
rnodule can include function elements of different types, ¢.g., heating function elements and

sensor function elements. Such a multi-function module could include radiant heating lamps
and a gas composition sensor.
Fig. 6 illustrates a preferred embodiment of such a spectral gas composition sensor of

this invention comprising a left portion, component 606a, and right portion, component 606b.
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conposition has, heretofore, usually been estinmated

from chanber tenperatures and precursor flow rates.
w@oh/oesel mat i ons are not accurate, and furt hePCT/U82009042281

nmeasure changes in gas conposition at different

| ocations within the chanber. Sensors of this invention

BotOMHsoAdBts SHCHp bﬁe’iﬂé&ﬂ%ﬁ%ﬁ b?lﬂﬂé%ﬁ)wg}ﬁﬁ(m@t[cﬁl BE4RE RGdsidgd613 at the
a reactor cha can direcfly measure gas

mde%:@l?ﬁ@@@mt ¢hombsr 6%@ thpt they ercseprartad by o eaebsonstedipathithrough at
n e
least pd.é ! a yamrPgﬁ nﬁ %1 gﬁrﬁaﬁg §t§ ?6$%r1%e @éo‘e}g %%gn%)gr% 6t3 ééhl%ﬁ Qan be,
c.g.,Bubdtattabl yimildt s eachaiise (Serbgsmair@r byagteoé E:zmhruﬂﬁ@). gbst
conposition fromthe absorption and spectral

compeRsEPRt @50 ermprighe faqused U&a&@. light soMERSH SHer eniimelight beam
637, 40 L AREIRLRBLT, PRIl boarbd Bhlofocald @inassing through the
chanalma. Ragit eompatdnd n86tDdlsd bemghiides enathtr aapkedrbecsor( for geflecting beam

S .conponent s . prescri hed by eer Lanbert
639 3ffer i E%“d’ﬂﬁ%eﬂéé‘)ot‘g%’fhﬁi cEpg ffrsmk?m“wé"ﬁ Tiepigh o ?qnéam%ﬁ?yand
spec'ttﬁllﬁs%ﬁ%rseﬁs%?%@% &S dr3dd 6338fcaf 8 th GRSAERESs-llustrated, or

Determ nati on of gas conposition can be calibrated for
alteraatpeetyt canlicar prghs reseivpsicaingr 1sed sonveymg: it &g teprote light sensor via,

ch by meki ng neasurenents of gases of known
g Sgﬁggg%Fpon Preferred enbodi ments of gas conposition

Semaffify H&U & e ctoh 6 dIGkRrds\\ore fcRil TR S aRXHo dbribdd Willereference
chanmber: a first conmponent for transmtting a visible

to Fignl/ Generably.avaceirenclosnes ef thisi igyantipe ara siaeiusies] andaiged to hold and
retalﬁ%qrgéééaj chgﬁl%&g% %:fe aﬁ)b; Irgfé cgﬂéé?d\}léllq&g twggtﬁ re?eg‘?l{[ggﬁ f rr%ﬂﬁer%ermltted

the dheﬁlrnsbrasménfooal dmdasplh¢ongent,tabd 236 ¢b palrmplre@@;ecdnf@aranon and
NUItlFIe gas conpasition sensors can be provid

arrapgement of fuBsHRIsmedYes: suchmasths Eanétl%%lpwlshgluwf%tﬁql Hl %g 4A-C and

Figs! SRG Ohn %géﬂﬁlg& erﬁ&fdnﬁ a8 eactitentidSite DF BRARy &RiBn Rén comprise
positione arrange to measure gas conposition In

uppetrhed Vovedrpiottyons fwhachgcanviiengadelyi separeted (apotiinéng atisomage@gnance) to

0Si ti ed and ranged near the precursar gas
provadi Ry os o MR oGehe BRE GG et oy adbeisager e, o th
funcBBY oA ¥E Ntndb biHeP e(ilﬁﬁmélﬁa%ia Exanf¥1&, NRUG R Qﬁd lower portions can be
illustrated, function nodules are not limte
hmgpdl(wm@ﬁqhgo thatihay ban $wing eiven froRaedsh ptlfeunUpp@’rpommlp@@ferably
e invention c be nmulti-function nodul es that
suprp G TR P SRPgf g e PSR RARES el pes
recoffig@aBdmg derchiditplehRnt. tio v PoRionP alsh ipedTerably s@p@fDand retain
react or chanber and interior. For exanple, a sing
recopBgyrrblg and A prgiecaile Ginstien madales (RreothRronBipaent); %é@ss dfeferably
I or nore resistive
haw%ﬁ@%%%%%?aﬁ%%@%%nﬁgpgnghgggnt heat |anps, and one or
no hiemardddtait] icashplagnicaaoderelosureed (e it tratdd $i frgls@erse section at
nmet r glogy functlgn nDduI? can include different types
the lgyel 9f fhegn1sespiare Abg secgiop illusiraigs ¥ppes peEian: §0gsngd dgyeesrportipn 603 of

reac[ﬁ:ﬁ reﬁﬂSﬁlrQ 6OR edﬁ& 'a%é 9 rsectl%ﬂg ?Ptrﬁtfsgpr@él?to'ﬂfeﬁtea %Bﬁ&r metrology

a S|ng e in ependent uncti on
function module 613, reactor chamber 609 (with internal components), and two longitudinally

oriented lower heating function modules 611a and 611b. The upper and lower portions of
reactor enclosure 601 are reversibly secured together by means 607a and 607b, and preferably
can be readily separated to provide access to the reactor-enclosure interior and to the CVD

reactor chamber and function modules supported therein. For example, means 607a could
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nodul e can include function el enents of different
types, e.g., heating function elenents and sensor

wo emovdweo el ements. Such a nulti-function noduP@r/o820021042281
i ncl ude radi ant heating | anps and a gas conposition
sensor. Fig. 6 illustrates a preferred enbodi nent of

funchiblf Bs & hHRe Cdndahca8d 60 POERAS FilncAGn 8LNR&h (Of vicBiversa). The reactor
i nvention conprising a | eft portion, conponent 606a,

charglpsal 6P graferpblithias Auarsowbradin@odts. saoh siarsrpimantlsommenents as

PR § R BR b T AIAg b TRl oot

susctinat sHaltdy uaratly semaslBibBdrobycdly cidfsént Yastedugdatdd), which can reside
through at |east part of the chamber. Both conponents

in g"ﬁb@fﬁr'?eé‘éeeéld%%}lﬂ’tdlrﬁélﬁtPéI@tGéélfatl%ﬁléﬁl%lafﬁo‘%}ées @llg.and 611b.
It
?qugé 2‘9% dh tb{%lﬁélmhlé@%nté@e?ﬁﬁ% gﬁ%ﬁﬁ% H{oﬂ@%g%gﬁlslégw fo%hodules 225a
and Eﬁm))ff]ﬁgem a:ofnptrllss e(ﬂoilMﬁg/ami ﬂhr@ﬁbng'tulldmaﬁy%ﬁatedﬂleating clements.

miti ht . beam 637, an an d.reflector, 6
The itz fiksion qﬂ@d oD 6371 ARG DREAORS ohkeacioh @hwhﬁagg% and can
be sﬁﬂb%rt%@ @ﬁ@{%”[amgﬂ QQEGHCBHEW&H 08B, RWRP pERIFR60S %? the housing (not
anot her angled reflector, for reflectlng beam 6

mmm@mmemmwwmmmw@mmmmmmwwMWMMeme

heatgligﬁel&t%%é%(gdu?%gcﬁg E)F %ég%greg glg i %%tn % lﬁl \%161? E%agfng igYe%lents extending
betwickh fisthurédt @fthe @fodalch @biiahdsy elthy teaalv e WidEH Sfe h&gRi \fim@ion is
beam 641 and conveying it to a renote |ight sensor
prefepbly, @ pyeviowpy deswribed, Beimple figchomef the xgactos charglargyidth. Here, the
heatﬁlgf%ﬁ) %(‘t)dlﬁ){s fx%’ng%ée\%%egf fb? r%x avcvelg SREk ﬁlpde (ij t}% &{Actor
rence enclosure

charhlbsrmldmwmmgmnaﬁﬂy&ddawdtgap 6@15 &mgb e&ﬂpi@dmh&lyh@ﬂedthﬁﬂ @f the width.
retain a reactor chanber referabl of one_ or nore
typ é@sﬁ?{éielb PEFEEABIcHO} OrgyafuIFFélﬁH dRodytss 4l 8 caly be pguctured as in Figs.

SAE% eggﬁgé}] re@ifing FRULACE f%tcvom%B lseciﬁofs%ﬁ%'hm6§7 and
con

rea |gurat|on an arrén uncti
tWO-KlfO]lﬂpd)I&mI sangaho (e ahﬁl 606134 rantl nalntdtmchuppmtedl Egs bnad:c@d-hkre members

4A-.C and Fi exenp odi nent pof a
643 FiBidite TomaPeLarSeie Akaor HISEorBRn 0 oL BRar1as gy, The
tranﬁi@f’sell&iﬁﬁ{ oPAE hicPBR AR RO RS §Rd 1Yy HPRIENEM]y as large as or

(e.qg., urln? routine mai ntenance) to prOV|de access
largerdhatiee witttle pf e refctarishambercwbile thedbugitdinal widgh js proferabdy, as

pI‘eVéOd]ﬁﬁl (%émcbe%nbpnié))](e ﬁ%(%tlg% 4} necrtﬁlg Qr Cr@ﬁ}g)l@{e %&Eﬁ%n 6’%0? ?ogrtﬂgo%ent sensor
606£La1d AUsbhepoeatsy gRicBBPoSiBok Barlsorl MRMs6T23 S¥hro@nBWRNflectivity
from each other. Upper portions preferably support and

senspippd FerBinedS DI MPSHINIESCISAT.-a manner pernmitting the
Mgyl ﬁrc‘efe%e%%ybordﬁrﬁgﬂ]ﬁg 59#13 %e?lﬂor? Hgscflﬁ?({ %‘tﬁ)&g %%8{ hrmt the scope of

Lower “poftions al sO pre y suppor retal

the iheanioh] guscathtse catbddingendy dranisabtiensfofRetdraprefodad e&peét@ of the
ot her equipnment), but |ess preferably

have only . .
inveptigns gy equi vl gOQAERINEAT R ded fo pf W r@rnetha ggapeerof this invention.
Inde@?f e\@ﬂloﬁsr ﬂﬁoﬂl?ﬁ%(ﬁ{s o?rﬂ’fé 19§é‘l{t§)n§19 %ddlﬁoﬁ J[d sl s"ﬁB%q a'nH described

transverse section at
herein, such as alternate useful combinations of the elements described, will become apparent

to those skilled in the art from the subsequent description. Such modifications are also
intended to fall within the scope of the appended claims. In the following (and in the

application as a whole), headings and legends are used for clarity and convenience only.
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the | evel of the susceptor. The section illustrates
upper portion 605 and | ower portion 603 of reactor
wepaboswee 601, and al so i ncludes sections of PCT/US2009/042281
transversel y-ori ented upper netrol ogy function nodul e
613, reactor chanber 609 (wth internal conponents),
and |thwegH geeiffcueithil by therih@ntiefl atcihB i e §drh& Bralim&tan@ Mot in
nodul es 6 11la and 6 1llb. The upper and | ower portions
othept thiekdobeonapriPResAndy SOHCh if@turéméqetﬂoylbs@@ufr@dany or all of the
t her n 60 bl e
othe{r‘ geggll {J ih aQé/orH? gv & ihe rngv\r%gt g ;@g éx?ogﬁ'st %@Hc%g YoriATsiRg,
"havigelC il ”‘Vﬁﬂﬂa@ S&EH'(Ehdrﬂh @fd torbedn@drpréted Bﬁ)aﬂlyﬁnﬁftaﬁip@d'henswely and are
chanber and function nodul es supported therein. For
not lgnieehioeny pbxvigal derprcoprastion.uhbe pdisleada’othipRger the filfe are also to be
e D o R AL SR AP Bl S B i plural
Moremtr,i anglcudedinsanthdistlasedan chei ﬂubjecwujjpllcﬁmnmnemwo &s taken as the

ot oS o S R BB b Al e e
<thﬁnﬁgmﬂkﬁmﬁggghhy controllably rotated by equi pnent
not il rat ed whi ch can reside in gap 645 between

Iongltudlnally orlented heating function nodules 6 1la
and 6 1Ib. The two longitudinally oriented heating
function nmodules, simlarly to nodul es 225a and 25b of
Fig. 2C, conprise a housing and three

| ongi tudi nal ly-oriented heating el enents. The heating
functi on nodul es can extend under sone or all of
react or chanber 609, and can be supported and retained
at their longitudinal ends by |lower portion 603 of the
housing (not illustrated) or be supported on a |edge,
or insert (as illustrated in Figs.3A-B), or the Ilike.
The heating function nodul es can be structured as in
Figs. 4A-B with heating el ements extendi ng between
fixtures on the nodul es housings. The transverse w dth
of the heating function is preferably, as previously
described, a sinple fraction of the reactor chanber

wi dth. Here, the heating function nodul es extend
transversely for approximtely one-third of the
reactor chanmber width |eaving centrally-|located gap
645, al so approximately one-third of the wi dth.
Transversely oriented nmetrol ogy function nodul es 613
can be structured as in Figs. 5A-C with a housing,
sensor retaining neans, single conponent sensors 623
and 627, and two-conponent sensor 606a and 606b, and
can to be supported, e.g., on | edge-like nenbers 643
extending fromthe transverse sides of upper portion
605 of the reactor enclosure. The transverse | ength of
the netrology function nodule is preferably
approximately as large as or larger that the w dth of
the reactor chanber, while the longitudinal width is
preferably, as previously described, a sinple fraction
of the reactor chanber |ength. Two component sensor
606a and 606b represents a gas conposition sensor
Sensor 623 represents a reflectivity sensor, and
sensor 605 a tenperature sensor
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The preferred enbodi nents of the invention described
above do not |imt the scope of the invention, since
W@ bassowebodi ments are illustrations of sever aPCT/US2009/042281
preferred aspects of the invention. Any equival ent
enbodi nents are intended to be wthin the scope of
this invention. |Indeed, MaricusIvedi fi cati ons of the
invention in addition to those shown and descri bed
herein, such as alternate useful conbinations of the
e escri bed, will becone apparent to those
vaﬁ SﬂFﬂ%%’% the art fromthe subsequent description.
Such nodi fications are also intended to fall wthin
the scope of the appended clainms. In the foll ow ng
(aﬁd i n7y medypirheateal sapossleposiien &V Dhreaeiphyd- Sé{ﬁ@m comprising:
?e&%ﬁkﬁq&w edeib clarlty and conveni ence
t oug speci P'c features of the invention are
sha\@VID neas@rehanba snpsoreed dyrtbe rdantootindessire; tthds is for

conv nienc .onl s each featyre may be conbined with
ang D ¥ e B R g Ro O e P ROLEE Y A RAG afiepflosure
adj att:é?ﬁ td ¥ %Q{ehef‘wal_ﬁ‘@f HOTCD chahpde! @hf‘&herw1§e%ﬁu§dlﬁﬁndependent of
havi ng", and "with" as used herein are to be

the mmt@rqmucblsetd, mcbédmmoammbdaltampeﬁmgmmeirymmm ﬁnatlensntotnearby

d a |ntercon
portiog’ b kb M et ant s FUBARTE Qe F pisbisty Sitried ou
withef @@dyD arghs@npr ehensi vely as referring to both the
si ngul ar and the plural. Mreover, any enbodi nents
di scl osed in the subject application are not to be
taken a I e
oo male SR o RREEh BE &R SRR ol inclogyre and ghe

funcéibe muduiek aret etublby b@lﬂgﬂ@d&inﬂl sited FoithaCh e oMb &dnction module can
clainmed is: 1. A npdul ar chem cal vapor deﬁos itjon

be syrpopipd Py sha tspctei gclopuicate PbHpity Sf dgTcrent pasitipas adizespt (grihe
exteABCH AR Ghe FaQYPoRARLOr chanber supported by the

reactor enclosure; and a plurality of independent

function nodul es supported by the reactor enclosure

ad acent_to the xterlor | f the CVD chanbe

ot 10 Sp e BTG PRBER A ISECTB R FHE ORLREEGPn Module
com H&IS QY Rr dBRGRIhWMhica M %%&t?onﬁfe?ﬁén@icﬂgir & ro@éss Ta¢ Bow within
unctions to nearby portions of the reac

the ahienybe pndaghdrtes dimgrsrangn atdageticry 1ear@i:1ﬁé Mpmt:@ss ;gas) tewses

carried out within the CVD chanber. 2. The reactor

sub-system of claim lwherein the reactor enclosure and

t he funghi asctRdub-spstah 6f flin @ hérd® BAdhduh @tbnanstgé Aether

so that at |east one function nodul e can be supported
Com@vﬁﬁhe reactor enclosure at a plurality of different

po

] egfc lie%s? %il sﬁ%getﬂ%t { %quéaﬁrgg %r%{ebg{l eﬂ@é’ésa?lg%grgg)%le from the reactor
encldsaeraadn at | east one function nodul e

one or more function elements supported by the function module housing for

providing the functions performed by the module.
5. The reactor sub-system of claim 4 wherein one or more function modules

further comprise heating elements supported by the module housings for providing heat to

nearby portions of the CVD reactor chamber and its interior.
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conprises a |longer dinension oriented in a direction
per pendi cul ar to process gas flow within the chanber,
wW@rdoaoskorter dimension in a direction paral | BCT/US2009/042281
process gas flow. 4. The reactor sub-system of claim
Iwherei n each function nodul e further conprises: at
| egst om@e RQWRIr BEb-badm b clainh Y&iHeFah thie HeRERPRMEESH mBfules
and renovable fromthe reactor enclosure; and one or
furthes pempiisecanicon neire rasiians heatigeleneenthymitiing fadiggion gnwhich the walls of
functi ons perforned
ﬂWIEEQ%L§MH%§§%.%t%g&fﬁﬁ%mg E%¥&%ﬁb systen1ofpcla|n14
mhereln one or nore function nodul es further conprise

heati ng el enents supported by the nodul e housings far
pr dvi di H§e Faator seb-nedep et plaine ﬁéw&h%pomn@smx@p.hgg}éwf heating

e
funcERATRAPire A0 Epdr thhCFcaBlor SucigHlf PATD By TR T ETRA o the
CVIzompnies entomer. or nor e radi ant heati ng elenents en1tt|ng
radi ation to which the walls of the reactor chanber
are at |least partially transparent. 7. The reactor
SuR- systraatQbtot sa- Q}s’@erﬁ BE E1RBN 4 GAIRYH §h@8r ﬁoﬂ%‘ @ ontodules
of heatlng function that are supported by the reactor
furthen compisceors @ A1®OTE setpm\sum@r@dmydm edulf hloesingy for trivasuring

t b- syst. f
condiGherin BNt PRI R R R PRSI BB R TLE T ¢ her
conpri se one or nore sensors supported by the nodul e

housi ngs for neasuring conditions in nearby portions
of 9t he EUDreastos - sméelama whegein Hicgensors fugthemepanprise one or

rnor Sfa% %1 rsorsf‘dp dét&%lﬁm corn log'iltl% §f é\ﬂ%g ﬁlt&ngﬂqg RSV B Ractor chamber
nore or a sensor %or

er conprise o

by netateing the slg:cﬁelrmapertlem lopht gassesittbdthesupdl gabe, & benseiMor
react or chanber nmeasur | t he s ectral properties
detegmn;qggtﬁmp@rlagﬁwtef@é tq the \é[ﬁ IRAQLOK § argber byygpsaspigpg radiation emitted

fron{jﬁhﬁ_% Ja8ot me?té"sreﬁ% 'f&t @e&é}ﬁ{lnlhg tl‘éﬁ?lc@{ggs of %ﬁr@%cg erthln the

y nmeasuring radiation emt ron1mnt
reacto@ ahamlverdalya]mgsumngradansm reffeoted detne thei sniface, ilda sensor for

t hi ckness o rface within the reactor chanber .
detcirgla G P BB 0T Brio e BB Qe FGHA a0t Pagees iR fogiation
refleeRASRYm fiRrsuftgéer m ni ng the roughness of a surface

Wi thin the reactor chanber by neasuring radiation

reflected fromthe surface. 10. The reactor sub-system

f claim8 f h f ol
FuAll o "RBtE ST AR iR s S bl By ikagh ol o Hetrology
funcﬁBﬁ‘ hfAUIcS tH@ aRSsubPorfRIASUhE réa0fde bhdleiSe tdlastto Rhdakakichbiditions in a

of different portions of the CVD chanber interior.
plurality of different portions of the CVD chamber interior.

11. A method for configuring a modular CVD reactor sub-system, the modular
CVD reactor sub-system comprising a modular reactor enclosure supporting a CVD reactor
chamber and a plurality of independent function modules, the independent function modules
being supported by the reactor enclosure adjacent to the exterior walls of the CVD chamber
but otherwise structurally independent of the reactor enclosure, each independent function
module providing one or more functions to nearby portions of the CVD reactor chamber and
its interior that are useful to processes carried out within the CVD chamber, the method

comprising:
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11. A nmethod for configuring a nodular CVD reactor
sub-system the nodul ar CVD reactor sub-system
w@ompdseing a nodul ar reactor encl osure supporRCHGSM09/042281
CVD reactor chanber and a plurality of independent
functi on nodul es, the independent function nodul es

beka&n&%ﬂﬁ@bkﬁﬁmgﬁmk deRaGh@loneREd ST € adjacen; to
the exterior walls of the CVD chanber but otherw se

st ferceck stlegjed haeiumaedule.gelectieg # eercesppnding pergign ef the CVD
Iy £ ndent function nodul e providing one or nore

Chmf%%%??%ggggg%hearby portions of the CVD reactor

chamheringid, fuhstidrmeduley thhhat safportdd ef the deactpr @eksaRScarby to

carried out within the CVD chanber, the nethod
the sebshiseirertings sethet Y Rghamberomdrigrgicriggapéndent function

SR Ring h RO 1oF FLEROE ol Shy BB Lkl &FLcEAlo extrior
wallb nf gei(VD chambariting asnyeat yntotthocormspoddisg pdréibn af the CVD reactor

supported by the reactor enclosure nearby to the
chargQsP @y 43 MsHarissReCE o et BUBOBMOBT and i ts interior:
and supporting each selected function nodule on the
react or enclosure adjacent to exterior walls of the
CVI2 c haithe methyalt ofateemnld awlyein ghe $pdectwlr fnegpamdodides further

ti f t CV t h ad it i nt
comBRiectid Tost MEHEE o DT ov e Aadic Bt RO petor
charfbaiafyl ¥ iMRSreind wHaeeis & lfatief nfddnrtdlead besd by tHeedctor

conpri se one or nore heating function nodules for
enclpsugy hefithigtoresplectas noriéorgymot waoved ifidhpieries afenciips similar to the

rnc B Rl B RSB RS HL BB 1S3 porion
sel ected portion is not renoved if it provides a

function simlar to.the function provided byt

y.the

selléct edhrButhod afslave Iotire. for ceahaclosierdeténg function module, a
corBgBARE porttn oF I (TS crBh Bt HhGHEL B SRR a5 that, when
the selecteddatofg fuhetidiidodida ot soppariairzerbyan dhd dosresprneiriggportion, heat is

a se|l ected so that, en the | ected heating . . .
provg &)[yit f NSRS %nqtlgngrﬂ%ibl noY &e&gﬁﬂﬁa%% cthﬂ%l er and its interior
accof@hf @S PRRUNY Rafihd ARl EMrmlifedih A4pHAREnYord DFarfi&RE OID

function nodules to the CVD reactor chanber and its
processtte b perfamessk di ng to a preferred heating profile

determined in dependence on a particul ar CVD process

to be perfornmed. 14. The nmethod of claim 11 wherein

t heqsel gat atttodnsFiclHm IMDLkdreis thelsdledd LAGTUN rBedIaEfutther
nore sensors for measuring conditions in nearby

COMpiya QiSTRS mRsfre SISOV Megwting cemtifionsrin aaerby partiont ef the(C VD reactor
charber QRE it §nt Y Col G2 'n‘chIX Ie%?otgbﬁﬂ%ﬁg)g;ﬂﬁﬁﬂé‘s%r m]@astuﬁilelg selected

nmeasuri ng se ecte con ons rror o
condivdsrie det iateriohafihe ICVD reactor chamber.

15.  The method of claim 14 wherein, for each selected metrology function module,
a corresponding portion of the CVD reactor chamber and its interior are selected so that, when
the selected metrology function module is supported nearby to the corresponding portion,
measurements of the interior of the CVD chamber are made according to a preferred

measurement profile determined in dependence on a particular CVD process to be performed.
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15. The nethod of claim 14 wherein, for each sel ected
nmetr ol ogy function nodule, a correspondi ng portion of

W@ bEoNB20 eact or chanber and its interior are BEI/E810021042281
so that, when the sel ected netrol ogy function nodul e
IS supported nearby to the correspondi ng portion,
Meagur eesHetni®l vt dePétidP(C\D) feB&ofMB-SRRAP@IN{iBLRd according
made according to a preferred nmeasurenent profile

to thg enasher efecdeiiml ldependence on a particul ar CVD process

to be perforned.16. A chem cal vapor deposition (CVD)
reactor sub-system configured according to the nethod
of 1¢l ai mnliddepthdenAfuricride payddRor fideneith & modotulCa/D asactor sub-
use with a nmodul ar CVD reactor subsystemincluding a

systerp dinluding e modular Es3etop suglesurm et Sipppdy ¢ § VA oesoF elpdrbsr, the

qgﬁﬁﬁﬁ' he nodul e conprising: at |east one housing

nmmﬁﬁht |ssglfucturally i ndependent of and renovabl e from
t het kkeiohohowirgd thstuis strucmallp nelcpendrnt @ dndnembweable from the reactor
el ements supported by the function nodul e housing,

enclgynte:@nfl ¢ he i ndependent function nodul e and t he

TogHE 8 mbRAGH AlonGh AR BoBFEI B alhdioh M LG aNd

sized so that the function nodul e can be supported by
t hevheear thorindspendenufuachel) medwle and thehmodnararaaer anmlosere are

of. the.reactor .chanber at .a plurality of different
murlyiPRaRERT ad GRERRR BGARBut bRgblekathe SngfE By thepactor
enclsé hdj@denBel BE extbribOwilReofand Rat®ef chimbes aof pluhgity eBdiFfRfent

chanber, the independent function nodul e provi des one

posigensapie functions to nearby portions of the CVD

38180, SRR B LRt oo

react®® Ghidrebef the lidiepeddénmnhid@t tommbiiglc btovidds one ef eBNfusictions to nearby
rise heating elenents for providing heat to nearby

poﬂ%gggf BREGP reaqior b aae 4 ItpEARIBet asnselldo praceysEppartied out

with the{hﬂ)gﬁgﬂbﬁ‘of clain118 wherein the function
el enents further conprise one or nore sensor elenents

for measuring conditions in nearby portions of the CVD

reagt or _chanbe Jdts interior. 20. The nodul e .of .

cr 3 18 BG FRle pheimu Shi  f n JRGPRS GO R gheating
clentBRfsSoPProRidHBShGPIARAITY RRtiGRVTWo CIDSHESHBCEaRIRPAS tEifterior.

sensor, and a tenperature sensor. 21. The nodul e of

claim18 further providing two or nore functions to

Inﬁ? 2? Iy o Etnllo Ui oq"fclatir?lel SC\:)\v/hDeréi%%ﬁet uqlct(fgnae efcntd ?L(ljrtﬂeg %ornprise one or

more sensor elements for measuring conditions in nearby portions of the CVD reactor

chamber and its interior.

20.  The module of claim 19 wherein the sensor elements comprise one or more of

a gas composition sensor, a surface properties sensor, and a temperature sensor.

21.  The module of claim 18 further providing two or more functions to nearby

portions of the CVD reactor chamber and its interior.
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