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WO 2010/ 005620 PCT/ US2009/ 042281 MODULAR AND READI LY

CONFI GURABLE REACTOR ENCLOSURES AND ASSCOCI ATED
woddkeldoSHo MODULES FI ELD OF THE | NVENTI ON 5 Thepga@saidiod22st

invention is related to the field of materials

processi ng systens, in particular to chem cal vapor

f%ﬁ% ULRR A%%Mﬁ ON%‘iéLﬁU i, ﬁﬁ@&é@@i}@FN@ﬁ)s;mEs
to neet the v D i

processes, including permtting external nonitoring of

condi tions i nternalpEPDOE MM eENVEMTIBACKGROUND COF THE
| NVENTI ON Chemi cal “vapor deposition (CVD) processes

ar eTkeqpratsnt pvention is wiatt%toébmﬁ%lé eéimatesials ppqessingsygtems; iy
|
ool SR B0 Qv ARME BRI oy st

encﬁﬁﬁlreg e cztrLbdMeﬁd‘il%ztladiUilﬂghﬂ:dhd) glect tﬁap;mcﬂictmee& afnnidwldual CVD
corrosi ve at nospheres that commn*g ceur. I?/D b
PTOFSSGS: B ludingrsEp i Xt BRl RUTRE 8 05\%8@@% é‘}"ﬁ'ﬁa p & chamber.
comonly configured so that process gases enter above
and flow verti cal Iy dovvnvvard tovvards a growi ng wafer
(see, e.g., 4 He PiONess gases
ent a at he nber
h Or'ﬁ]éeawfzsglvlayor PS%%OI} ﬁfv lgi %r%ﬁaes a gusécﬁw the %guconductor
arts4e.83% ?r%@ and feddekCahfefd dPeeivanbetiag afae:nalsf ¢ @focesses are

ener a CI rcul ar shape, whil st horjzontal -fl ow
condhgtat By GV B resqnBAmBETS éesg@wérﬁawﬂystzﬁés I
%llrd ontally al ong the chanbers’

C°%§’§§§ﬁ?§gﬁ‘gu§%hﬁj‘ di na ?ﬂlpg%ug The latter types of

r eaGVﬁhsacaarmbhampcm\fmmi@nﬂh@omrocdsaug atgeemmonly configured so that

ext ensi veI descr S 4,828, 224
profs a5ty §5ie? 8553 S ARV Ve B8y oSistd IO ol yatin(oce, o
US®, 8348 b so tiatlprécdss 3asdd Biter ﬁ\é@ateﬁmﬁ@ bf b athﬁEEeS‘ ahié €dw

i n sem conduct or processes are_al so al nost al %25
horfrentaly actost the BF RS BEY §SeeiidnH S it 2Bre4hr Yertigal-tjogt chambers are

of’cé@@t%f'a gen aﬁy bealisdnye q}hﬂ?t%h}éoﬂglaﬂdv’g Ghdritfers SEBFADELEa %enerally
e I nterior éonponents elng indirectly heat
rectaygltiaamﬂu pﬁmssfs enses dlofmmnhdrfrentalp alom@ tHescha@bérgrionger (longitudinal)
n the art as

axeg o B¢ Fet BROTHan ALk S opfih s o byt Gmgively described

(be@@?ocms i8S bei;ngsIH 13865 Ly 1, Bemtcaub3ms2] 614367% 6,167 8B4; 6,465,761,
ation transmtted through the chanber wails from

andeld TH2HY- heating | anmps. 30 Cold wal | chanbers commonly

h aVév'ibe%Eét?xgcﬂaﬁ%&% o }ﬁ%ﬁoﬁm&@é‘!& Poce ¢S4k GHY fﬁéc) almost always

arrange 0 COVEr and/or surroun e upper face,
healtenlz\fﬁeﬂfaacmamersbkxtdwﬁ intisart £0 FhOEWaWb e, hettSd bat dﬁ@ﬁl}dl%tmg the

a 56, 761 descri be col d-wa cto cha
chafghar 9afle b9 DL pTRpICRie B Be aiteee ety TR Bt Pert b the
hot' Walls€ THEQCh ARG QMR 1AM aheat esld kb ank soRfrudieirbMdransparent
lanps held in the encl osures above and bel ow t he

quargathedntedoraobwosenty heindaintcsly diseed by drarigd €tForadiation 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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WO 2010/ 005620 PCT/ US2009/ 042281 chanber have heati ng

| anps oriented along the |long axis of the chanber and
arallel to the |longitudinal flow of process gases,
$19P056He panks beneath the reactor chanber ﬁgwsmfﬂmﬂ

| anps oriented along the short axis of the chanber

and gerpendi cular to the longitudinal gas flow. As in

chapgher hyvd heatiembarmps osientpd elong theldengrxis efitpe cligoeher erbparallel to the
| en f Nt hei.r r ctiv
o e SRS RS Bl bERBL oS ERRER M i s
oritdted dlongehic shengkib vlihe @hamiskir Bd pérpendidilarap dik longifdial gas flow.
nost or. al] of the upper wall; a s of the lo

|; and | a wer . .
Aspm mestrior chambess, é)etha‘qag.hbof{lﬁgp% msniths leggtg 9€ thereactor chamber in their

RO 0GRS D0 P SOHET R B A

dingdfnsioarapd sprnericoes mosponatkd thxigger yallyandflamps ofthefower bank are

.radiatiop. 10 Additional heating | anps can b rovide
oried e Bisaior Fenars B oam e B g o, aLpl o€ fower
wall2MRE 90F6ffsce¥@iBéethe Ypp 4 a8 Bowled BamRbf Garkpréddes improved axially
descri be cold wall reactors which, in addition to
unifgrpeyy dEelistdier banks of heating | anps, have
addi,tyi; o i | i nradi.atj
cond Lo Ay 3oy BDS% PSS o dubhicALhbd Bpher g tower banks of
heating $e&mpnu | Hos ﬁﬁimplu,siﬂ&k}m@lﬁ& mid &l 6’5483;& daagectokbaull rdab@rs which,
. susceptor shaft and serve to heat e suscepfor .an
in P &BPYiad %rﬁ?aw&f ?twggér% FYe SopBl Bt s placed
in AHRHER S fEntBthnklchiblife Pl &) FRNGIAG chhRBA! TREH LIRS usually
In those regions. The quality of products grown and
cengrally egaegtdiahowt tidvEdsceptartshaft ebseber tolheatahs suscdptarand other regions

R 5 5300 GRS o AR BP0 g prnos i those
regidiB. t hi ckness of the wafer, surface characteristics of
the wafer, the conposition and 20 tenperature of the
pr o 8% guaiks ekprpducingovh apdpropessed eV 1gpctorghgmber benefits from
mo%ﬂ&%ixl?gr arfd cIoHﬁngﬁ“ BRGEMR Within e dhSmBOL egg ?llller t@*ﬁhgrafug rofile of the
0 by p Wthin a

perfofm such nonitoring by instrunment ace
wafeeatbt drclkphssnifehe wafes sstfade chastteristizn of theovdfer, theedmiposition and

ol AL GG B BHERS P CRAieh “U R brAdoueh possble

it i$ R60 deSIRICIo Qer fBFR §RHSBSnitoking 'b? atbtruinRls PWFBMLSthA Lreactor chamber,
preferably positioned external to the reactor chanber

as gieh insmepisivald Ropdde resist teménht Fonerayesaad hoistiatgospberes that
de&e?cﬁi \%higﬁ rgf‘&o%'c Snbdl c@%‘iﬂg nfoEschlidd EP@BCGSS{l,?”ber

wal'l Ss. uc I nstrument s re nown. or Xanpl e,

I nt érstead, ihampemsat are peefaably pesitieedexratal yo the asigtoe dhdyber and

roneters; properties of a sem.conductor fer
mdPlipiPlesor conditind by pesping At b BIAG ITgUShe e frewsparent

chdhRWallghSudhehitREARE & R erNRLk Sl PR tdresrdtires can be
gases internal to the chanber, e.g., Inthe vicinity

extgfmaly swasuceshblupiromeisest eropedianobesasxcaduatior wal0 internal to the

asured by observing .the ctra,of .| ight sSSi ng...
ondERRS HES: SRRk i PR GE A  roap B whiBE Rlipies of ases
int€prhlan fied cham®si € igl) Gn tHeSAJIRIESE Sseatficondliétht wulet, chd b&&dternally
i npossi ble to use in connection with cold wall CVD
meaghed by obsperitsetng sprelie of lighfinaspinairaughihpmbgrandaispigto the wafer.

conti ti i . . . .
cont GHYE HaRRe e R Her AR ore iffnie 3Bt imposeble to e n
connection with cold wall CVD reactor chambers heated using the commonly-available

configurations of heating lamps, e.g., the configurations described above. Simply put, these
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2 WD 2010/ 005620 PCT/ US2009/ 042281 configurations

have heating | anps that extend for nost or all of a
woeitamEs2s | ongi tudi nal and transverse di "TenYcANGs2009/042281

t hus occupyi ng and occluding nost or all of the faces

of the chanber. Heating |anps as commonly arranged

J hi t .

con A Fofthal R lar B L Wonl RV HATRE N of PRREEY Rokifinal and
tramﬁerpaf diorensiods, thaa obdupgimgdad octlbding mosierelitod theafaces of the chamber.

Urln i nst Unents an be use N CO unct i
Healigg SRR AR [aTs TOmBRCT BHe LSRR o Sbéctve the

mteglgpygﬂﬁgbmer,arrangenent s of heating | anps. However,
use of external neasuring instrunments is desirable

fo rTheauwms amlot awarsof e arbepehdnasfdeporibanadnve cxternal measuring
occurri IIOY
a&% 111 n. cop: ungtfon Wgﬂgfglgﬁ?&ﬁlﬁ%éwgﬁ qu% \-1[/—4?1' or chambers
with a@fv@mﬁlameiagemem oﬂh\ﬁtmg Soapsa tthaveivamn asd mxtemai lnﬂe@amng

e.g., heatin unct.i on ul es, nmetrology functiaon
instrysBRte S desaly f{aferqupn% anc{%guwnﬂp’é%? otassGHoBFTINg fpterior to

chaf@Et i cular, for CVD reactor chanbers oriented so that
process gases pass 15 horizontally frominlets, across
a growi ng epilayer, and to an exhaust. A modul ar

reactor encl osur%ﬂ{q&mmm } gwth a CvD

react or and apprup..alc asSoc n nodul es

of Gé&iesallyihe Ridsait ifiventio® peoviddes &Hﬁk‘o%tﬁé@[ﬁsimes aadagd6eiated function
conbi ned and configured so as to_ be particularly

modiless € &l hﬁ@lngrfamoaa%ﬂdu@s/msﬁr@ieaé BwstionRgdues ﬁmbthe like, for CVD
reaét&f '&faﬁfbel% gﬁﬁlﬁm fS@& ea&Qf@iaﬁ}%grs‘Mn{egﬁeh QQ ‘&ﬁt Process gascs pass
supportlng systens E , a gas I ng
horsutstaly Stoenpletsp adrossm goﬁﬁlgfapdeyar,cmﬁlto @/E)dm}astt e‘mnodular reactor
err.ed. CV ct or rs e Ea e at . ;
enclgifte o RS ngpice AppS Wi e st AP Biat® Fafyjaeg fuaction

mo@l18Cs M RRRORALIbE (a( Ectok 86H-3sked') 32H HBIEMBPEH 8AEEbnfiguied so as to
manner known in the art as "cold wall", and preferred

be mﬂwlegbfr aseplsn o dpidrabCivEl propesess, mshiueh arcacis @@h st an be
confAELOR Lo AE SR AR HaE (L 81 EERTlaphh PbSIELAY o o

fun2rbonBt CUH gystem. Mvekatrad CVEachapr émnibe$wmmaﬂe atHenst partlaliy of quartz

transpERbto & Dpe e ramemishf (bR r SRl i pbisg in a manner
kndal id tRe £VAR '"CBRIGHAN, &IIATERFred 06h MAeatioRS indRIIe nﬁ%ﬁfﬁzmm

functi on nodul es of one or nore function types
mogdehien cxtamally sgnsing crnditionshateaié toosgpetosehspbes kavingewalls, at least
dul es external to the CVD reactor chanber
pmﬁﬁﬂégfﬁagaganner that both the nodul es and t he chanber
( coBtieftyt, ianeddyar tuaiop endledre Stheouhtési'iy siedatilbcanégatiel yo provide

epl aced and, rearranged. The encl osure 0 retains
(at [eﬁﬁg a Osphimt el TABEYPELha sag ﬁ‘a%PO“é‘Pg EB@@& @aaﬂtﬂf% chpmber and one
or R8RS Had ﬂlﬂctfoﬁﬁﬁ(ﬁﬁlﬁa@! O@Bge 5ERbIANNERn FR-Y Tﬁ@ﬁlegkﬁamcal
sufficiently fixed that processes can be reliab

framew oot eactomim supmrt@:ﬂ[@ fuaettongnodules external to the CVD reactor

chamber in such a manner that both the modules and the chamber (collectively, "supporied

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. Preferably, a reactor enclosure of the
i nvention can accommobdate a range of 3 WD 2010/ 005620
PCTI US2009/ 042281 associ ated function nodul es of the
WORPEMBEN al ong with. a range of PCT/US2009/042281
commerci al ly-available CVD reactor chanbers
I mportantly, preferred function nodul es, g.
asseq @péﬁmaom@d@p@g@ﬂw fnysetignoHonewith égangﬁ@é gopmersinlly-available
Q% al Y
(0AY ag(::t g ugl}st %ﬁlﬁé@%@?fﬁ@kﬂ%ﬁ%ﬁ% rr[oﬁlul%g é ﬁ(referred metrology
functigf mgdxﬂesd recairé ne nparcmﬁigt oriabteiation ofia aif&ﬁ rélaivelylfsgiteh quartz
assoc ﬁ nctlonm) les that, along with a CVD
"“‘Fte’é\‘:’tt gre cqpfigwethnort ed and hel d by a reactor
encmé;sfe&nﬁnvgﬁﬁoa A1 ﬁaha&r}h@ags&ﬁaea furlcRod ﬁl%dﬁl%@fhtap blong with a
chanbe The function nodul es typically 1 ncl
CVieehetor drainber, aressnppdatedvenid chhldshymmmtsr famli)shmlod mmmemOn external

to tFD es S e o e oi]&e?ﬁls o(%]t Iggﬁﬁ?ﬁg%ﬁf glly glglgldgg %’pegﬁaducal framework

which @ﬁpﬁiﬂfs Qﬁd £61d86nd & BORREHDESL \WNE Br hofFLBHEL ThkGnechanical
enclosure in order that function nodul es can be

framewonk| of epghaidaetiquanedule ispized and prufigyradsp as t¢ eqopgrategyith a reactor
|

B L SRS o USRS LY i e o

reptited, Iheldl; mab:temasqfelnﬂhmus struciﬁhaﬂymdé;mndﬁﬂlof fandmtemtdgsai @fith, the

di ff t functio nmodul es of .d eren
Frp Pl A Pt PO, dite Qralveus Rt of ferot giction
modLIROGRdifterefi t@'ﬁés) ar® ?retfé} ly foisil k&l Jnﬁ%hﬁ%ur@dﬂ(& Qsﬁlfoestandard

can support and erent conf |‘gura Ions O
siz¢s) pe thabm singld W@@r@ﬁcldwrc eanl sugpdrtiaied o diffopen conﬁguratxons of

R FRATES 3 AR B TR g RS e fPasivaie cgpaicns
intqrAsI36 0@ rbacton ch@bérdaaheisuling Rtiaton phingfidin theaaapariateiior

portions of the re %t or wal l Opt.1 onal sensors can
thr%}f%léfaﬂéi’%r@% poiony ef the reaster siafis 0%%1 $SUEHS CaTERifR P Eponsive to
not limted to providing a single
ext %}cﬁoﬁgﬁﬁhﬁat her function 20 nodul es of the invention
c anFlestion ntoidufes ars:tmxb himited td povidingta yimgle lﬁdl@timul Ratpérefunction

functi .
mopis 81 G epsmiitianpeamitEeionPriuleb R o i filegigreron
fundtiéhs srtn@IIESIE typc® bf £MARPRIfenction 80 MGKES pdiictsd T (WD WtRtor chamber
can al so provi de both heating and netrol &{ge){)gf unct.i ons

and igtenien 9y eparrle.orkngle functiwpmedule cot alshmionise baHheating and
f
e oM 65cB85 thilohebt oyt Shetl gl RIka A ©
met Morogpecificaldy, |pmfm¢dmbadane1tmoﬂd1rsfm~gmtieni péomit ingeoved and

eghla a0 S Bebas S8 St o Baze fordiie e e Tegtchosizpaigl flow, cold-

wafl QAAD CHGHRGS. A ndveRSdld wRATEdflchah b QT uQURIch ZofBiuSleli @t least
(or other transparent material), and therefore can be

partiely &dmisyparty aatesial om other tsmsn@ranh m@tendmgd theeforerran be eated by
rang ion hf;rorn he z?ta gy am%ﬁr gl}]ag B%slr}% i ?(:optglrJ araic)t%g o?ugﬁ]ﬂle 8ﬁartl%owalls

Ad\oﬂﬁhhg‘eoﬁﬁﬁ, tﬁdnsp'ar@ﬁ pGitionsofiht Qharfiger Ofalls Qaic flsepérindingonitoring of
interior .to the chanber jnterior using sensors
coniigTsARFR tp ShahebroB i igRBYME EINEYTs resRensAYS to M felectromagnetic)

radPAron$at Fpﬁ&% {rﬁrgu gﬁéﬁ%tgi h{/(nf'gﬁ W 1080 YR dxSerfa. Aﬁ’lﬁ)ugh highly

exterior.
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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advant ageous, such external nonitoring has not been
previously possible for the followng reasons: cold
wo2blo/dosaet ors have been conventional | y nount gginise09/042281
reactor enclosures 4 WD 2010/ 005620 PCT/ US2009/ 042281
supporting fixed banks of heating |anps adjacent to

: _ ¢ o . .
sup %ﬁ&é %%%(?g"glg(? Il)Fl fé@allug%agﬁq’?eagﬁc%gﬁ% hgn%gcgaél walfs I?)f ftﬂe)%%gmber, and
suck finstblxinke pfhdaying émpsdeaisdg lampe Haveacoagentivaalbbisden godstrated so as

to 05%%@5?@1 @sﬁer ' ”?va@shﬁﬁéw eﬁ%ﬁ%@z?rltqi A ?%q%?ps oy pbsepyjng the

chafi®Bt @¥drior.] MProvenents provi ded by preferred
enbodi nents of the present invention can be viewed,

i n Ipdhis contexty wrmyevempntsprovided by pictamed embpdimentsatfithapresent

.| s.apd. . inst.ead providi.ng..heating | s i.n_heatin
inverfioR SR RE sk B4 Prvize SonpviBR g PnyeBiond e Hephe Totmpdand
insteRARb OidingRAEY 1afPs ashdating Qmdtidn HRASGIES that @ndeeeaseddabbye the

of the upper chanmber surface. For _exanple, in one
reacioRFIATIRENte asfio PRBILL S0 faAccess pak of eappsiFhemberepytigoe. For

I . . . -
exafiplh, oy SR A0 1RF RO pirelifly flubl blbelivided and
arrangerbmios plusstitheiigdehendend furvtion imlodyles that caprbevpesitioned, removed,
erati f the reactor and e process ,conduct ed

exeffigh oy Sy e RGO i ot 1 rPasiationd e agtie Eodpged
therefhe P4PREILIVS Ul drdstoThcilitdR dcb&S tdthe uppisiifice oFHRNMRASY, heating

(e.g. lanps) in such heating function nodul es can be
clerpertatess larpnsd ingech degtingdunctiog rapdulfiscar be wjated through 90° (ie., to a

-dire?ﬁeérpﬁ}géengj%u% 4 g%sg%%%%pé i os%mh&%@{g %/{I?dtd}?%gne%&ng

upper enents conmon n
elempertocomamonly Getherpalok yit. Gonenllyidawverigatidoesiomtrss acenore tlen capable

t han capabl e f making,up, for any heatin apacit
of e} 7 85 PGB REREB1ooL Bp B BRI RG GRBRURCSE cltments
SersEsrs aHthtR 88 a2 fhgdl (A8 8Ghd Bnidr@BSnRR:d t?;rtg@ﬁ per heating lamps,
obstructed by the upper heating lanps, pre erab?y, to
prejsrabbis to pigbe Frzions sugoundingthe kpilayer, loajpeprobethe epilgyepiitelt, or to
; iy ; . ahl
ol SRS piAlor gl OAER DA s o,
are poislfhitddeto] temiprideire barttrol,2fas asmapesiton dnalysroetilayer thickness, epilayer

emperature control ,..gas c osi tion anal ysis,
surlgi TRGRISh AT RnGLs: T eGPEL s SULS BapIRet 2chatelpontrol
pro¢R5dsbeinkoaduBihE QHidNe ctdind et aRd RRinkI&Y, th %adRb Bnproved product.
accuratéely contfol processes being conducting with

t heOptirmadplowembating ¢lameets yan ¢lso beplacaddn hagiingvierption modules,

) ' | | : i | X
B 6 e SRR o R AP E S TR e C R ifacon of
the bevep higitigaternanedanalirtiogr ppanipe suls@ttcedss toothp chanlss l@gas surface

flow NMbdularization of 25 the | ower heatin | ement s
(althoyghmgasHemepts phihe lowa sugpcegengally pesluingdess raitn fatpp gEpngement

of R AGEmedtald A0 Uﬁnlﬁwlﬁ gﬁ@gftp&tﬁx‘ilﬂ@s; | QUEibn SHED Qﬁﬁatfion of

generally acquire |l éss critical data); "arrangenent o
predrasirs, weg. Siyameditosng plagnies indemiahiotthe cfanmbepat chamipeoimigtut

fixgures; dition or nmodificatiaon of recursors, ...

e, o igenf BRI CpgeREE IR S sproms mace
posSiBRMERe bt glasreadibLefRIReAR hnd MASHdndom fahdidn i $ this

nmet hods for configuring reactor sub-systens made 30

invssien; klcacmly.irefipmaiondicinguith seledingnsy pediogamepdules to be used
with RESRERD gl?dq-gystelﬂp fid s%ﬂ?cm?g wcgéoﬁgfalc;n@'tﬁe reactor chamber where the selected

function modules should be supported. Generally, a function module supported at a particular
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invention. Generally, configuration being with
sel ecting new function nodules to be used wth a
eactor sub-system and sel ecting |ocations al
“;Pe@iqquols&@hanber where the selected function %ﬂ%@@mnzsl

shoul d be supported. Generally, a function nodul e

supported at a particular 5 WO 2010/ 005620
locgtio/pueidesdnetps 1o the pearby aertignbol the teapion eharges andsity yterior, and
muﬂlﬁ?egitﬁl}ﬂgcﬂiﬁrﬁlb%ﬂec‘s S%'EP(%IE%] ot ﬁ@‘ftﬁ;ﬁ IoCARR %{'qv"ﬂ@ a sgﬁlal dlsg'lbutlon or

|on nmodul es supporte
profild dfifph@iohs clettpasy fpn@mndmsiu&sxpabmtw sugh p&tedl db thei selecipd locations

fi f. funct t |
o DR i) o B s e B e S R o5 pgsteces
fundfich b1y ﬁe&noﬁmfemahm §upp6hs@gﬁﬂ1er}salatdrleﬁabs&@ af e wi&sed

are renoved t he sel ected function nodul es are
locatiomat &ﬂclmunﬁzuq@p@m c@tbecmrioneed wstlmt AN pieychyalrmodificatiea to the

res i) TRy A RV Ry R FURBM R SR B e e

conS@ARIgT deffichlothah @edormting b h‘ﬁltﬁv bhaiainos. chamber .
Typi cal |

it can be no rmretl m ng or
di f Irf.acraa%ortsnlaﬁyﬁ@mscbema@nﬁ%dt DT eSelRRTHPARRA® the mdujes and
IS [ I I
lookfAE oY pretbty S B 5 pAid fBRlo d'oRl fion 37 AR Wthin the
chagbcestitatilet for the selected aropcssf Fbecxanplal thetselebted porvessimay be best

un ns, wi t hi.n U|tab for t e
perigt e orualied o G ambaih & Suf B off stsidition or
profiBy MU sh&@sd proB&k f kiRt tidiembailss showlave@dlctted bitEpositions for the

reactor chanber in a particular spatial distribution

mogdyles galested te pravide thaeprtigulpr ratisg prorﬁé%u $inglarlytbe sderted process may
be 9&9 +rﬁﬁ*m%ﬁ% ﬁ 131 §1%Ict%ﬁ§ cg H:% O[ﬁgf?lbélj 181% oiﬁrcelttﬂﬁ locations within
es sel'ec provi t heat1 ng
the pxharhbd:re:an Be molnﬁoﬂeyt,, arﬂhﬂetﬂaédv@nﬁm@qmmm andlpos]iﬁoﬂm:an be selected
best perforned if certain Characte tics of the

to REAYAR E1e RRHIGUIA BicasreeRtdiyibyigR o PEC-wi thin  the
ch amceﬁre%@ iREntBAHIS PS8 RideFIE JTRhABLR DOILIE %ﬁdﬁrban be used for
nodul es and positions can be selected to provide the
condiguting cdmpatibborcastenengtosdicst Thoimpidm wedydesonid|tee re‘m@r enclosures
canpbreg;r%ﬁ n%ll)'(/\g?/c {éegp?n smgd Qrglo 1ze% élgel‘h ! %8(8 ﬁ?rﬁfﬁqgget%g% rleg?lye
rect)ﬁ@gﬂrﬂionemdlrmganen'fbéa imtbt sﬂﬂsﬁmﬁul v eamdpltam installation could
react or enc|osures 20 can be nut Uﬁ configured and
stogl sush adgicpodhat depcks-syb-SyyeTRBernHE e HEEd o dpigepRts without
dclﬁfconf iguration and rearrangenment of a reactor
sub-system For exanple, an installation could stock
s ucMoge kpetifsally, maone @nb&dunelﬁuﬂhe mn@wmpromde&@rnodular chemical

Va@ﬁ QSP‘%L{ ﬁpy%) i~ vgaqré rrent ﬁ{d\i\ﬁgt %lgxléflw%ﬁgfuﬁéqenc osure, aCvD
reallo® Yhaetser aulfpa@tedl BY ttféh@ef&&%lncloa&e VAR Qrphq@mgsﬂﬂd@per(d@,@mmn

react or sub- s& emincluding_ a modul ar react o
mogdnlep sunpeeted by thopeactas gaelesure Adingsar tosthp %ﬁm@dﬁfﬁ&s of ffee CVD chamber

bu o%ﬁ]&'(ﬂv(?sre sﬁﬂgﬂugiﬁ#’ u$de u ppola?fmaéj{) %tbﬁé’nc?(jsﬂen GERERARASN module

unctlon e reactor enclosure
proavijcaceantr mmetfﬂﬁctemh emaarbwmﬂlmmﬁ“thdﬂtévn\faMa;htmber abdtinterior

ot her e structurally in end actor
thag A BT 6, PR Ui P OR ﬁli‘eeg{}brcg‘@‘[“g Thdersior spylgsures and

fulchHfE I‘ﬂeorﬁﬂ%% gl%ll:ﬁffqglialglg RLAILPEfiRlirc RRd YR §PREL R east 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.



10

15

20

25

30

30 that are useful to processes carried out within the
CVD chanber. The reactor enclosures and function

woRdiessar e preferably mutual |y configured ang1sueso42281
so that at |least one function nodule can be supported
by the reactor enclosure at a plurality of different

205 i M, i s SO Bl oo

to ptavest g'as ilowowitthie t]meeahahﬂme aad h cyter diii:aneios o dmectxampar.hﬂel to

in a rection i cul ar s
pro{ghs Bl qoh o i YBR AP el SpR PR ol #1684 one housing
thatd} &t@chirgily RAERHE of 8nd RERFEBIS fASthE lréwtor @hcl¥du& and one or more
versa. A function nodul e preferabl y i ncl udes at | east

fungsive dhenentheyppetted by the bowsing andairpyi mgdhqa@n@im perforaed by the
o Al BRSSP KB R B

for piooidity gt toheafblypottics f frerdvYD ﬂ‘eafd:tdir}chﬁlhl&er afd éhtéréor. One or more of
orted by the rmdul housi

unct i n el enent s
the E Hrf:élgstqaﬂ o B ﬁ%mgcﬁle%%ﬁwwg thdiaton 19 Haigh @»g; walls of
the RAEfoL Qlﬁtﬁnl%ff ath%l r‘gﬁ’&ﬁ bar lﬁﬁﬁty‘ thhézitiﬂgr fundt¥8 modules
or nore of the heating ele nts c n be “radi ant
cantbeatzpmngteé by thearresctemdncloswy af eeiteapdshng positions bo thie predidea

seieg il BRBER ¥ R Y PRt it ng  unct i on odul s

10 mmbtiBelempie klpartey by e mehld Riushig@h® 8146 thohide one or more

correspondi ng p03|t|ons SO as. to EfOVIde a sel|ected
senyryfor reagiringeanditions wacebp perions e thekt\dP reetor ehareler gpd interior.
Me&!}l@?ﬁ g}n%n&%%@ﬁlk e R¥nlaPg m‘g?zllrﬁ: Qlus%hﬁﬂs GAch &l afdnsor for

i ncfude one or nore sensors for measuring conditions
detérmimeg cdypgsdrani of rgasasﬁntetmel oV C¥hkteactocdhamber byamdasuring the

| d
spegiitaraparics ey Fun ReBbied Wobdheaes Rt By vper e temperatues
inte@h@dl &F 1k WY r&a0fHP ifdrktc® By MeafaERTadini®l dditted @-otah@itkiYhe reactor

react or chanber by neasuri ng the spectral pr operties
chagiber, p gpsor Fanstermings the thotigh @e%trfp wiglHg e reastor chamber by
f I
AR e
surfaeawitbin the raobechandbes by soasuiog ratbatenmeiiéagl frdre the surface or other

seniegt €GP ﬁg?ﬁa%”” Al st i B €l JRE B Tpobted by the

reac&@ﬁéﬂfosﬁl‘érat 6'&{“&? sithtfis kO gNRSSuelscidctdd coditicd@en a plurality
within the reactor chanber by nmeasuring radiation

of didereicqrosiipmsob thet GEDghpmberdntegpr. ot her sensors known in

th em%BtheférgchL&i&%# the %ve 5 81109191]35s &‘é&%ﬁé L OGS 15ARodular

be ‘suppor eac or enclosure
CVDaeacemmhckystgmpoﬁthb |1m3t1&o(sash isn meddar €VBakatdradb- system of the

condi t rall of differen ortions of
preyigys m"'e‘?@ﬂawﬂe&w 1B fo e miofhogh At rﬁdgd?mtm? Flependent

FunbHERG ALY RE QMEGES AR FH0eh EQEELRILEH thpdllE %H@%Hhﬁg portions
25 CVD reactor sub-systems of the invention (such as a

of theo @Y Cheha@ppr arshintesior mtselgytsd,émmfinﬁfn@ctwpmd ghat are supported
by t%ﬁ edgjcorrreﬁg(t% bur%AlgeC 0%)#8 e be?ff’ dﬁqo ons o?ghq"éﬁ’)' cqgr%be[f i $heerior are

Ion no es ar

ren®REEahe (ﬂinal%ﬂéhchfsalécte@ﬁiﬁcﬁ@i aoted i &u@p&ﬂt@lfbrﬂfﬁé wabtor enclosure
correspondi ng_portions of the CvVvD chanber and

adjgoepidpicatonar wakseldbe 64D shisthentipt #anedrPy ip the deirespondiag portion of
the VD 344ERP Eﬁa%%er 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

7
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by the reactor enclosure nearby to the sel ected
portions of the CVD chanber and interior are 30
enpved: and finally each sel ected function '
‘@@E‘%@g@& on the reactor enclosure adjacent n?(gﬂbgzobsﬁmzzm
exterior walls of the CVD chanber that are nearby to
. the caqrresponding portion of the CVD reactor chanber
it DEQYEles AYnefipBt SRty BRI ViAHt e ogBlPlecieo be mounted
nea?%tthe&%eﬂaﬂgbﬁﬁo@ ready supported by the reactor
encl rby

osure ne to a certain position need not be
r enaleded funciioniBo@0dda00adade PETE UB20DGHig PR lion thodules for

rovides funections simlar to the functions provi ded .
proBig st € VoD aerbt harber i bifioh 4 St iy Rt Holsay function
mo@§lEd Foir PrcAfinl! s@lécte§@b1ﬁﬁﬁ@ﬁ ih WRGhicAbr SRBYCTD &d&or chamber, or

i ncl ude one or nore heating function nodul es for

otheyr typesdif dgnatien madyles h Eorxgpopdiag pevtioah afibe C VA, gepactor chamber and

— ' r f tahon .

o S Qe RSB0 LR PN AP GO0 UL, fncion

mothiles £¥houaadirearbyhatieehosedrcontdpendiny pesioas, hiatis provited to the
rrespondi ng poytions o CVD re

nodul es. th ctor
CVEhsaer 0@%’“ ik iBtengr accariipgtoaseieed bratiagp %qgmlaﬂy,
corf uﬁ&i M fIHHRGHS dF Mhd @I BoctSThbRBEr aniRBrib 8n BERhddRA for selected

ction nodules are nounted nearby to the chosen
metrologe spdnids sy thet mthico tie, méteclogyi Bnghiavndddest age osnteCvEarby to the

sl g BB i ey et 1 PR PG are made
accofditgd® a@{&‘eﬁ%@ﬁie@ﬁur@rﬁ@ﬁ’@ﬁfﬁianﬂrefdﬂﬁﬁ%i &athqgadhdbﬁetﬁdw()ﬁles are

for selected netrology nodul es so that, when the

deterppings| Balppendgecs Gre pEEUHECRP Pofstiodg PREIRE- t 0 t he
| i i .
"ot 268 Bef R ERAA0H ORI i O redlBA USSR FoThe h0Ention

corfipefedraceatdimgds theanghedsf dlfd ineentiBn €fueh abh methoddor copfigndog of the
nmet r ol Bﬁ% profiles are determ ned in dependence on a
Pregidme FEOPAr™BND process to be performed. 15 The

| NVEY fufedd b dRhOM | #8 SnveREM FovigMbieeRGhARE independent function
sub-systens of the 1nvention configured according to

moglples, wd kiseief igfcncndent funstion medplssichat 4an be wisd fid eorifigure and

reCSﬁ;‘g%%Q Hlot{dr ?"vd J%Sctop{uﬁysb{&%is SP@% WA, Al hBplidehd¥hiction
e I ment, he i'nvention provi dés one oOr nore

moldtld @peadbitindludestat ast ond dulhssy thanig skudtsraldy indapelentdEnind

function npdul es, that can be used to configure and 2
remoy@ Bl Togh e HrpdR %ﬂcpoew eaneor qus%ﬁwe%ﬂﬁmsms mooﬁec? by the

fur!cﬂéﬁlﬁﬁ% ol -hotﬂi?ng'. NAGRRAGR Mot ARElibPRodARAHY BreRhSuftr 3 Yor

i nc es at | east one housing that is structurally

endloriepea gefitraldfy muwadly coefrpwrad hed siraino thdtehe maciiarmodule can be

encl osure, and one or [e cti.on el S supporte
suyff8 8 e ROl R b RE Sk S S AT ER IR RO b ot o
pluirlitg bf @fferoatbdseicdn d Atdde whBd i ppbrtEEaGHRAFiculR §bAEGH &8t to the

preferably nmutually configured and_sized so that the

exteipfoy it fsrgradocdnmber. S 1adgpsertant fimpion medyle geavisles one or more
furclGAAS lﬁEﬁ"Rg %ﬁ%ﬁ@&f the Cﬁh.?re%?t%? e beWQIH SitePlor 1HACare useful to
t er at | di

reactor c a plurality o erent
prqueskd ¢anrial cvAwsthin th VB ujpposred at a parti cul ar

position adjacent to.the exterior l1s of the .
r eaEPHHIOR Fr&RsaFs, cap RS BEERE ISP Et Mo iRipeto nearby portions
of He @WT9 8RR 8hARbTRA® 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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functions to nearby portions of the CVD reactor

chanber and interior that are useful to processes
weohii/®ds9ut Wi thin the CVD chanber. 30 Functigmfrus2009/042281

el ements can includes heating elements for providing

heat to nearby portions of the CVD reactor chanber .
_ . . | i )
incfi A Sty FFUEnBRE S o B Bbeon SR A e propertis
sengdranteapeande saiser, and othdbedenairolyovnimahe ant nodul es can 8

WD 2010/ 005620 PCT/ US2009/ 042281 _incl.ude a.w de

varf ékn;{ Sondprdle A gl %’E?g§¥°PF Brcuonysych as @
funBicithbAAE pRVRIES 8B BeatDBRAD menBloe§ TRREBAYII € sensor,

and ot her sensors known'in the art. A single function

o dd¢aslings nreaissd henem/forelanityl anibping withaué pesnntended limgetson. A

uch-.as a functi modul e _provi di ng bet h. heati ng an .
orfRF B8 oot s Bt HiskaRis St Al S iR gl hore,
in thdiberitiryty Oyt sefeasitbe it diiopiirpapy. Futtherdede bf it tidd eferendes, regardless

nunmber of references are cited herein,.the entjre .
of hemeehapistiriaed B1oveHS aEied o ﬁ%rrfﬁélaf'am@%m@roz the, Subjegt matter claimed

herdifl® !Fﬁnﬁéftahﬁe%{s%nfl @éﬁﬂ%ﬁf ﬁ%ﬁﬁué YmithdtioR¥ HPAS €Rments of this
Further, none of the cited references, regardless of
invérgionotill e @pparetdbnatiefellovwisg detmiled dedoriygtioprand aret adsot wighin the
i nvention of, the subject matter clained herein.
Sco%?ftﬁgimvggtﬁ&we%q?&' details and alternate conbinations
of the elenments of this 10 invention will be apparent
fromthe follow ng detail ed description and are al so
within the &REFBESCRIPTIONOETHE DRAWINGS BRI EF
o Ldey S b3 e P A e R AR} kPR Mikowing
detdifeddiescaiptien oflérs préfetrédosmimfdimére of thefpeescednesttion) ithesitatioé
t he pr.ese invention, .illustrative, exanpl of . _—
cxaglesr FRocHHLBENGHERES B thF FE ST L B ShPORR e R B A
fi gEipaSdratRias Rierdihlry fridr laltdsdctleslofRe GXB M@ h¥ating clements;
prior art reactor enclosure wth fixed heatin

el egntd:C iljmsigatepmnldimenis of the etsve@wbmthﬁmcglsgﬂﬁatmgeﬁmmn
mo{j__ﬂggnti on with various heating function nodules; 20
g 3A-Billustrate enbodinents of the invention with
var FigusA{Bedinstrege érabadimonts ofithe ihestiamolith antioussheating function
trol ogy. functi.on dul es; Figs. 4A-C schematically

Ei
moflylps advriguspaetielegy BCROmMBP YR modul es of t he

| NVERS I4Q0C scldrbiticalyiBstPad 88MRAd Gfxuhdtion thatRildsdf ehe invention;
details of function nodules of the invention, Fig. 6
i | | Higs.i5dy-Bssckeratignldy lusteats deteilorf fonctipnmeeguiesiof the invention;
enc i%?élhﬁls{%it $ DG DY %@Ee{cﬁ&l B Ractt eﬁcﬁ‘&ﬁfe' o‘iﬂh{ﬁg&hﬁ)ﬁ with
of e I nvent] on and W a conventional Treactor
functi@nieduleAETEY invEESGRIETEN dhvditonbRERdERRABMber.

EMBCDI MENTS Preferred enbodi ments of nodul ar,

reconfi gurabl e reactor enclosures of this invention

are npyToas BHESE/IPTRIRSE THY PREFERELCH TMBODIMBNISS
descripti Y | Tor art,

Preferred embodiments of modular, recc: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

9
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30 reactor enclosure is provided. Fig.l (prior art)
illustrates a schematic plan view of rel evant aspects
entional, prior art reactor enclosu g\%}'
“@%W d&%gésented for purposes of explanation, ?@nﬁb b&&umn
necessarily a technically accurate representation of

any particular prior art reactor enclosure WO
norz%l_fey BeroDer e AOSSRYe Db Reger giclosHye (Bi]PPEF’E%F%]r supports
andﬁre{ag{s &b 6éeﬁﬁﬁtcﬁ£mﬁé}qrﬂ§ SFirich3s 86t Blon SN % agen‘i’ ﬁ%rtr%b aé#i which

ousi ng 101 supports and retains CVD reactor
includss wihinisuclscopomom comypakents ma mspeptent05q frahpkligstmigindnctor
includes within such c nents_as ,susceptor ...
waeleb et sty R ORI BRI, RRFEPSRR PR RS Hability of the
susépiorS PEEREY SscSQiMdrredctdd Ah@bdrO 03 thdlgh 7t OY inlds 109 structured to
tenperature stability of the 5 susceptor. Process .
proguesadesise patterns o get flomahbe gasepther HowiAgFPSS ARRPr ere epilayers on
.0l et : i .
sus e85, Mot U Tl o RRARIER SR B0 cPALER, B Slnich they
exiethe khatabes tlavuglsexhaeptiot. 105, where they react to
depgsi terial or,. process the epilayer fter i ch
Coopis L af iRk en it Bfing alsmeairiag v 1 13 whieh featthe &lkceptor
Rydrh ¢ LS et e ) SRIOORE 24 2BEN) S TH dadtiafdd fohthe radi
anc\’i\éhpiic% rhed;}tﬁ%t he surgcept oﬁe Q’lo and epi | ayérs t;a?l_pr ocess ¢ rdiant
heatipgplementsr ©g., heat fimpsadeo Gt dasbowih littieRbsergtion thoongh the

fromthe radi ant ,heati el ement e..g.., heat |
reat Rl S B abb@BG O ot FRTREY I ooy bR o e
chaniiRr. TRAGI0t: chiabdaeraid@dhsin boreheivalyIowbeempyratugdidthus such a
thereby to heat, conponents internal to the chanber. .
configaradigh it snormeash 69 d Wl ssipesthenargs at mashindiwrty hested by the directly
u - (8] ' :
s I o B el AR AL B BB i
resisdet BRmeytst hghtetimiiop kylid Sath sbo@dres (deerag) UB Gnias24 0}, r other

Radi ant. heati.ng el enents canp inc] ude copventi opal. .
radfiys B%Vipeon Kol EhFPBE PR e Asp PE RO T BIED EF oL hagtine
clefeake structures (see, e.g., US 7,173,216), or other

radi ati ve devices. Radiative heati n_% el enents can al so

be Ebwhratiag cleawaudroaventhyeatanagas hereifurraied, ppiercre By, sockets,
or %lg ?% Q%o% ]llli )g?‘%t#@??l&%f@ ﬁ%rﬁ%gent%gitéga{ea th Itl}e;{ﬁgtelfs?)tri]‘g%a’ctor enclosure 101.

socC I the
Thé héatisprehined) fikineds agr feqrentipomiiouyedant achegbdtso thdte number of

wal | s of reactor closure 101. The heati ng-el ement
e RIS, SRS o DOV GHFS JiReBY OS] ol vy hctor
chdnftdh 188 ARHETRSer 8ink) REaldNQ kﬁﬁﬁﬁ@ﬁ%}%{ SGUERREBE SordpbAcnt® ifernal to the

positioned i'n reactor enclosure above reactor
reaglonrebmrsus@tof tl Ak Hmpther hdstingplements fiéures oe fisquentlygonfigured and

8o S LA SSURRNER kA 0. of et Pl

endbfird bowm e reyotGhbinBe @k 1awelr Rk cxigrad hed thdldtver surfaces of
. additional heating elenents, elepgents 115, are .
inteyaali comprBeNts- nl eppreadtlower kanks oihratnpelepants gee fremgttby oriented

AR 06 07O A0 A A DRI g e
alobg theslonder NeagitudqabhasEhds valueh proeeps gatds flowr fremtigdt to exhaust) to

erpendi cul arl.y t ach, ot.her,. with the er bank . .
prc%étieﬁaorg 8mﬁqa§}}{%r fnetﬁ? gcﬂloml?]g,tuﬂgo ?W@PH%} ]ltilrflﬂatmn, iative heating
elements are also referred to as "heat lamps”, although heat lamps are known to be only one

type of radiative heating elements.
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al ong the |l onger, longitudinal axis (along which
process gases flow frominlet to exhaust) to 30

WOy 20Yd/€s280r € even heating. In the foll ow ng, pdfdiRbio0s2281
intended |imtation, radiative heating el enents are
also referred to as "heat |anps", although heat |anps

o AR U3 A 008 aoh R s B el B v

improvedieodul efg nnpraveé mpabthty raad/mpmcredaﬂe)ebldlt}ummmamm to known,

rovi ded th t are rov arit ro
pridE Lo pelogyEe St e B e by, 1 et R S dimgents of the
1nv&ﬂﬁn‘ﬁ/nheat1f§§ bRfeAk tarer:ﬁﬁ§ ;gibrts@ Bl ARUERTor eﬁé&@&\n@&sém BuOi&ead are
descri bed above. 5 rred enbodi ments of theé

suppejeshinionn ot Met mdngaee esfrmedules referred toshepin ps drpatiye funetion
mo&qusc't fﬁ m%%c eg %Q g 8%]& %%l Iimtlcpfétta q‘ﬁ% etﬂ(?lé %t%r ?@@éﬂf’{ h ?geferred
eml@cﬁhmbﬁﬁtheﬁ@vd‘nﬁﬁ@ hiis® ihchmesi Mdependeﬂthéodﬁtﬁé hbeing lﬁﬁicfigns other than

ported, and retai ned e reactor .enclagsure.
heaﬁ?@f@& raedules Asa ding Frelr crga RRFORE BACPR BOfRH er&é@t Hlimited to
gd@g@ggpﬂﬁ I [ TG JHH%
pmheatlng, ghgﬁﬁaﬁ3ﬁﬁ“@§%6@%3|dlnghggﬁyg%?gﬁ %uncﬁ?ﬁﬁgb(hﬁmﬁm
funftigrs tor orultimbelipesofza single tuniction toaxtatby poprams ioflk Ry Tareactor chamber
Si e function, but can be nulti-function nodul es
mmﬁjg 03\'0rovide mul tiple different 10 functions or
mul Airgdctoreiglesur®tancth& Botdd figuRd Wwitiode@r AR2E Agtrplogy fididton
of a CVD reactor chanber and interior. A reactor
mogiles tilkascons of moke keating firmclor Bedwies nBessesen! thipindependence and
I |
moffihi 3 PGt o ARl Fudbfioh 12 AVnl sl enclosuro can
alsmpommnkbfedmn ti;ffeoént nhl!abém o€ flinotiommd duhl%ofaﬁffmeﬂtftgpﬂnn different
function act.or encl,osur n 15 .al so
arcangBend S BRRs e AR SrRe i s PR QPO e Y RSetor
enclBagiek @8d Rldestinké:8 Fertioh YiRRiE 1k BretickibRéPRtbe pAlSiddBaFBPubble, ¢.g.,
at different tinmes, These capabilities are nade

by brirg phitandpelsdass end hevingaiandsrd andieygsibicedtaghypent means.
I ndﬁ@&%ﬂ? y otf tH&%tah@ BQ@P%Q%?@S iy Elge lgGe?ﬂtlgH? a[:ﬁte*? in éhe following

physica conpat | el ng of stan
by sdezd sheataon haniiggrativdnd aefr @rible clewat surhbers aid saxrimnypes of function

- a Descr i i an of ese and ot.her featur t he

mof s PP AT T B Y e eReIPT i ot o o

"ar@hgdri@it't ©r8fer HARE e bhRical Ia?oﬁtféff GinckiOn bidQuIel i @B keactor
nunbers and current types of function nodul es being

encingpiso Frcserdanedy. estglnsactpyenglasurgenn hawrd fiersal @niigwdtiersde.g.,

dlﬂ% ent Hlﬁnl{)e? ay Ota?és@???ﬁ%{?ﬁ moalﬁe fd?f'f'er&% ttnﬂe‘i &' rs?@%le reactor

physi ca unction no Ies I'n e’ rea
enciusateositlr £single confiiungion, can hsvadjffereneacigements (oS Ldifferat

have different nfi gurations di fferent
PlagmEy 1%&“395‘@@?%@ %%?t&h&?fﬁ‘gﬁﬂné’é at different
t'nﬁéﬂwﬁﬁﬁaénﬁ“ﬁ@b@ﬁ*ﬁ%&&?&Igér&ﬂﬁbﬂ&ﬂhge%hkﬂm%géhﬂ%h%ﬂyand
configuration can have different arrangénents
a;mﬁﬁ'1lp}1@r§1y fixed

the dike felritsrthe topindeataiahisgised tol ra@mtq keeping ah glestenbm
LeRipties. . F rth th term-s ort" is
porfloatto a0 WhER: s B bRt R PO B RER gy o
pro&fiihg dnlmﬂddkﬁent hl s@pllﬁd}ﬁng Bikins ((Ebaddicribed) Usteeh Ef also act as
refer to_keeping enment in a sufficiently fixed
retaining means). In scnne embodlments function modules can be retdined 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
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position so that a CVD process can be perforned.
Function nodul es are supported by 30 providing an
enbodi ment with supporting neans (to be descr
WU al so act as  retaining neans). tgﬁﬂgzoowmzzm
enbodi nents, function nodul es can be retalned simply
by bei ng supported whi | e |p ot her enbodi nent s
long dtre@rwmg) astnetuye; while theders widdly' it gamceally aused toirefsr tocthe short
an r
dlm%?i&‘élﬁlg ?E g Eﬁﬁcq]l%g ng 611?1? Ehglgfg cﬁr\é&t?ogaqu ggr#ﬂlp%ﬂe tﬁé} ?%Sﬁﬂor parallel)
to tﬂ@dﬁéc@iﬂﬁ 02 @as%ﬁlr 1WS20 @MMZ\BHJIG 4 Ui sekirset divectiondb galerally one that

. strucgture i.le the ter al |
is pepepPKIaT focht HECcen of Beq ane e Ahagtoes i IrBitAat s SRucture can be
elthe %gi‘r%&iﬂél% ltran efs@ CritR thel widShERE! Blihy tr%%elrs@ @f lohémldmal

or par al to the dlrectlon of gas flow iIn
respdwavdharrber whi I e a "transverse" direction is.

gen aII e that er endi t. i rection
" EiGe Al R PR of SnBERE Shiafiishl s et fgeribh G dyfdescribed
in rﬁé‘ﬂ% de@ilaviet fefénce a6 Bigh UlitSn @en@rﬁlljr (GRS Vi allu&trh’da rédfor enclosures
wi dt h then being transverse or |ongitudinal

20%, 89 b@@ﬂ.@é p*;thevh@@eoeﬁ@p@ftwerané%@@m C@ﬂv%’ﬁ@ﬂ@ﬂ“@@ CVD reactor

%ﬁ;%%di a91d 6&5 ]ﬂ:\éﬁ%l o»@],ﬁl? %@B\%ggeiﬁ%% 21?:3 }a{/‘eomponents as

nor e erenc
sustdprss, cfomguhﬂstes Inhlaisl malteﬁhausm tHboweyer litchonld be udO4drsto8d that, with

and 6 of. t he ntio orti nd. ret i'
rosph AL PG SstToe a6 | GEtie FaaRebmodn o Al stsdl 0B sgactor
cheifdr S8R i1 SRRAGEAMRL ¥nd 8drhpoMehid, Sldahe ﬁ]@é"\ﬁl%rﬁdt ®fRding. Other

i nt ef nal conponents as susceptors contr ol pl at es,

embedimests that dreavoh dlvstrated powiegkede other Sinelifnamedulem gtesteaciar

charfft st By R b add S bk TR debliatersgpy chambers are

notRAGI dliis 1rﬁ.zbﬂji‘diﬁ tisd béyioad kid desérpibn dlréﬁﬁtpiﬁﬁﬂecﬁﬂ&onnectlon with Fig.
conmponents, and the like, are nof limt

1, e wainpefirthet deacribede Adt thy ﬁigl’é?srdé’tl”é’aﬂkﬁﬁa‘ieﬁ%#tl}’&é?%ﬁ?H’é?ms e.g.,
t
iR EndRAME BTG ARGAE, 12 FIRRTES R By sl

theragtawgodd bctmdﬁ:enlslemprovmtanfiamﬁgmte this invention, and

i ¢ A tAent$Sacaf o2 Fyp SR R ey FihelOT PGy oS e

paﬂlt}@lalﬂy HEHRE f@KbtlB@ indduled Sbifaduged RUhiNSIROERANSNEElosure can
., wring glu s and sockets, nechanica

acc&nﬂmmwnbeaﬁ didfsranp gerHiguratigns @ff@fféwnbheaﬂﬁeﬁywew fedules in a
o U5 U 08, RN R SR O

endlosurerdeh feed ¢expgnplany confoguratimos béélffemndnumbars otdiffarenyexemplary
hea&#%E functkpn nodul es configured so that a single
heqting log mqdye8r e can  acconmodate a number of

di f (RE&Rfy, 305y bAUE alusRS 10k heithh)IeRht B bipdrttd At haddin
modul es i'n a nunber of different arrangenents.

indaperslent medues, Fagiog fimation imjadulss.rthateam befeadile by euenasd and
encl osure _w.th t.hree | an
reaaﬁapgedrslg atreaﬁ:aorlftg:gclosure %ﬁ?yngg%oe%l stéaf(gg ﬁlﬁl?lgeragﬁé g.g%ﬁgrg {nloﬁléles can have

diffsiéat nuebetod Ubthg clemarsatley 2, Fiags, ordfhdatihg Eldsicnial élthough
that heating. elenments are sug orted and,held in

hegtigelraprmtsare Higtinted hensea rosag birmldngap feate lpwas, heptipg function
mddis REy E&ﬁﬂ}lsle\’)’rﬂ%}‘ typed @f‘&%ﬂn@@l@ments, 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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rearranged in a reactor enclosure. They al so
illustrate that heating function nodul es can have
woibicroesah nunbers of heating el enents, e.g., BGT/G8200b/042281
5, or 6 heating elenments. Although 30 heating
elements are illustrated here as resenbling |inear,
Thd ¥, H&nﬂa&ﬁ%ﬁ? aﬁ?x?%ehﬁﬂts%‘[*ﬂ@&dn?fun%q %ﬁﬁle‘aa@edﬁeﬂ&igmﬁa
other types o eati ng el enenfs; a single heatin
partienhagtreastorrodosue emprefembdyrseleeteditd provisieta rgfile ®f cloamber heating

.C i nations of. t S f heatin nts: and, a .
suit§FHT SRt e fo b RCheLln A uaek GVENeRei Rgfiodt: A single
readtéiNSilciohre ¥Rl Hi@&iiﬂ‘é’éﬁﬂtﬂmﬂ%ﬁr&ﬁcﬁr@&hd bith@fenhtshEabitig function
el ements., 12 WD 2010/ 005620 PCT/ US2009/ 042281 The
modyleserrovidingislifferentheating prafilgs Aelpated torbersuiatle fprdifferentprocesses that
. i.th a particular reactor
lngggggggﬁnggﬁgﬁ%?@?gﬁ%bIy selected to provide a profile
of Iahaorbdetatheips. 2¢\-B slhistratzl tkatfuppert(hleoveninc €YD reacttrechamber)

conducted in .an enclosed CVD reaction ch er. A
heaiing, gingtion madyleyarg el erigaRd Haweﬁ?wg Hiione axis of the chamber
(or &PRE 'dﬁéﬂ'tﬁ)h'o?ﬁﬁ)c@ﬁ%a_@ﬂﬁﬂﬂ‘,%{f@ﬂ‘le‘ﬁgﬂlfcoﬁﬁ)@h'b[&oftﬁ’é‘ﬁ{dﬂpﬂf the

modul es providing different healing profiles selected
chambet; end baveabvidthr that ig bnlﬁ'@rmormfdb@ggg@ off et chappbegh tHegéing

e S By SR8 S5 Bl i ByfaPpavic

heaﬁﬁ@élieﬂ@nfﬁ;utfwﬁﬁgmnﬁhﬁ dalui Bscithiee tr@ﬁs?ﬁ%éhl@lmk }hbr%ghcﬁﬂﬁ?doriented in
transverse to tne l.ong axjs of the chanber or, to
transyRISYPEERPOACAIE prasEies Roghles iy igyg ranrivEc gripfpntpeing proferred.

co rmgrzadpk&emﬁ&m i s Qfredchift hBobiha E&ﬁf%m&r%tﬁ BV héating

width that is only a portion of the |ength of the
functiarmbedules-eatilng 22 kel 2hibn 221 o amd B2l daslt bngegifoun hérsiagickents and
v AR PR R A PR bRt R bR 2P o heaing
elerhérat) SatEesR eyt ronDRgvinlihatiad bi¢menhis 2§ Shkat thmps having filaments,

t ransver sel (y£ oriented heatjng functi gn nodul e@;& Wth a

LED agiusy and e dike e hha mogu ep @i higeip nestvgrcerdnents e ab griented transversely
| ik b stL at r | ¢ .y
CoBEHERL EShA A MBS S0 P OBIERP s o5 tngiuina

heatingl elemsnt2 Xba be 2Bkbyt lRRIcreactndct2inbed03 blit duaky equgpientrs not

. eat j nqg, el-.enents a ej arr.anged aboyve reactor .

i B S5 5URn an T P B CARERN aRafEopERSHS s baysine, hore

rephéitédig outlre B oged ﬁﬁbsbﬁxt&%s,e&g.,eﬁlugﬁ, QBRUEBOBNthB ¢ié (v illustrated),
el enents, e.g., heat lanps having Tilanents, LED

mowytpdgis thednasing ©rretiaingheatinpdrlemess:nd fordiertintgealemerys, ¢-g., heat

| QL1 t I . .
larrpp 15 TSR il QOIIRRGR. |SRARUAIAE Kpnf MU Sibling and
the difjeapmentine aad gherdforegict tltlistvated.20 heati ng el enents, can
be present  .below.reactor, chanb 03, but ,such
U e s 166 ki AR theLvaol e F Lot achopggafules, modules
223aldhd 22 1R ha ek IARAtHeREh S AIAGEA19 R IO 18mBO DS, i BIRi thd other two heating
housi ng, here represented in outline by dotted |ines;

funtion me@des, mogules BPiend 223 1have foup heating cfqmaaty Nlds configuration is
bl . ! B e . he: FleTe) r 0l .
B R e
readt®Bthandbaipat [2dser hdaktihg & regiosl updticBmaind swhattaahi. inceSongitudinal

.hecessary features. as el ectrical cabling d 25 the
wiqthsQd ﬂil?feurrlwa&%ﬁmaw el oF SbniRly el dreaicies gyglosurc can
be go%ﬁ'g?reh L eEﬂyQom%ﬁiaﬁglﬁ l@igﬁéle&hﬁfee MR klchdgt MB4EIe BBy NI

function nodul es, no
arrangement along the longitudinal gas flow.
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223a and 223b, have three heating elenents, e.g., heat
| anps 215, whilst the other two heating function
nodul es 223c and 223d, have four he
W@ﬁﬂ#@?@ﬂ This configuration is advant ageou21%%932009"042281
provide a heating profile with increased heating to
central regions of the 30 reactor chanber, but |ess

hedtiEnf tihlsF%T@$ thatheshiag funstiommadelsnrraalsede O@Wé@aﬂy oriented
parér%%gg% fh¥ %d%azlx il afan‘%h @Jrlto i lﬂﬁre{;}ﬁﬁl fg’gocfeyé% 'FR3% have a length

es a tantla qual tor” encl
comparnbldie th@kehgtwa dlok c/hanibe]a myd baoweta width that 9 bnltthmetldrmt‘ethe width

o et s KT ey Y S o Rasm0e hétRaduicton modues
are 5’%’:5@&@9@ %431%555(13 Fl‘ngzertgiﬁ ekﬁb'oldﬁﬁén?st ﬁﬁve"r ﬁl@étm@%ﬁé%s may not be

functi on dul es can al so ongl tu i nal y oriented
helarheiating ﬁmgtlwm@orl@imgblaxn@ h@fﬁxeldéo theapastor Cbgmbttro Havepver,
mo&jul ﬁzg?lgng) g(gﬁ Il;i%)%ﬁ he]al%\%l%elem t%bsaauvm ;1 £ RS, 1\1/1eorger to permit
fﬂx\i‘MF]lé irorgsmdilﬁﬁg,leng Qidgﬁloﬁniﬁﬁehm@fgﬁfﬁdﬂlﬁ%dw%/ dgound ;ifiputlaed output
chanmber, Pr era ower el ow t he reactaor
fixtuygaasition. Fhig %Pﬂ%waééo eoraplementithnbeating pestyigled by

uppte{'ﬁeahﬁ Gur¥ibR moldﬂlggﬁ{o%%loﬁ ﬁt@lﬁ@ﬂé’rﬁ? ﬂl&ﬁ’ﬁ@és B %.Q aﬂﬁﬁmnaﬂy

enen S may not uncti on nn
heabthe smwpﬂoe ﬁUBMGmng madukes me‘dw:tddrtlouhlsfnb@rons kHong weth, heatmg function

dul atio e | oper nd upper) heating
mogqeéﬁﬁ%ei %kfsre%cg‘i’/ra o CY\E%f der to pernit flexible
POSlntrh&@Bidegil, EngZC {IRBEhies §BbriTbubgRh v [bhgiRidifANy-oriented heating
nodul es ar ound ut and output fixtures; positioning

funpféqae eyl ﬁﬁf?éﬂuaaﬁ > a@ﬁ belpweacter ehsmbicr Aht Suchequipment often is

asstpc%ﬁé(ltl {8n Rk thg??ﬂ&y orhyith ?ﬁ%ﬁsc{%@%& ﬁgthfﬁ&ﬁﬁés%vé'ﬁﬁéé' €s.
positioning func ul es so as

longiddimallgrt&leh;ﬁd Heetatg dléreerss) $®,|dteanmg lpops 221 re:m:gdmg thewegn fixtures

in e Bt B otbese ol (Bxiraoying e REp L pisied),

Opti@laEedlBbBiit; c. E | tfhnsvese Heat?Sd E1afBits Baf BObgeut %Bb@‘reé%t&ﬁbhamber
longi tudinal I'y-oriented heating function nodul es 22

2033 bt s2OI5 bqtppla@@tds petlhete iHostotesk Mbadinere?25208d 2Z5Ucdnd are posmoned to
leave %nf}rﬁepongﬁuci ﬁeﬁ | gnen%e% re% 8%11?%%? ﬁor orttll1 L %ulﬁxﬁav a%8n r%ue1pnr1en1:

Oor =W h e susce
assd)cﬁz[’t@dl tvittl itiadusyeptar] @ith @ak dieatngittc RiveEiet of the.réactor chamber, and so
heati ng | anps 227, extending between fixtures in the
f"’r'lhongitudinal ends of these nodules (fixtures, wiring,
an dPJch:@reh'ol‘rﬁ)o dﬁlﬁtnté dflth’ﬁ 'irfv%fn@cg') also Iq'?fu'dg Eﬁ'lcti&gﬂfoﬁﬁ'l%@ f diverse
e.g. transverse heating el enments, can be present above
types amhmimg:fma mhanple, Zmﬁluldsuhatmssaqmmmmﬂowmgrimb thfeneector
i Ll ustrated., Mdul 225 0
chapipeb s o aiy GO bR disfey 3R ErREeriety SiRhs bRk B Serey to

credd & pldsBR, s 0ho@IIBOKitICAM APOEM thafseBve asPMELRITBAS in a configuration. As
associated with the susceptor, with gas entering the

with dogtingriaeaiofmadylesy ha &inss. tumbRtse Functiens. ansl arfaggements of such other

mo %lg% 1?5{6[1 &ty gﬂﬁpﬁl ﬁg%'ﬁ&g'cllr&ée}ctggey ei{;fogﬁérg 'al:e: ﬁ%gﬁe%t?ﬂpseﬁ#@dqg Giew of the

proessanpbecominctud @sart dnatospd C¥VEesagticachamders fl ow ng into
the_reactor 25 cha ' energy to

. D |
act RYAHIE SBP-81ra G itons Biefiyally SHATuAe 09 REMEHOPYolpgy function

modules having external sensors for characterization of internal chamber conditions and

epifayer 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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create a plasma, or nodules with no function that

serve as placeholders in a configuration. As wth
woesiddass2b uncti on nodul es, the types, nunbers,pCT/US2009/042281

functions, and arrangenents of such other nodul es

used along with a particular reactor enclosure are

| Iy f .

T R B T o VP efer RAERBS RIS function
modRdescdan be sofigyed @ hifferedtiegterze ilcmasor;srtebe sa&sitiye iton 24 siet parameters

one or .nore trol o functi.on [ X
ot TGAYE el SROGrLIGFAGRg Wb Savtar chaiet, 1 Bypan iy rointed out that
meted18gPRm i EbMiI ConPiide s@Rbds Y REna$ tokhél Shathticr Bkt 8Bkerve conditions

ongoi ng CVD process. A netrology function nodul e can
intepier torarepeeisthambenthedugh dhe chambery euapa tranwewnt wallt Ghe reactor

chaffhon o BRIRT R B 5Bl B VAT CocsPabuaR sty

funttimahodudss. Viihie hhm&r@\@aﬁﬁﬁeﬁ@areﬂmm}&ﬂe pMﬁértblp Lsﬁbstantially
| ogy fu ctian S can be co red

metr fi
Pla%ﬁ“??‘ﬁ?"elﬁ?"eélk i§pFsIpn p EENZ ﬁ@l%ﬂ@é@%ﬁé ﬁ?qtf%’ ﬁusctm modules can

I ) $ti
el QREAEEL S e AR oS hac LR,

outFigh 3A-B niustreteagyadterreaciossre moth gxemplaay g rasienssmp@dmg both

ter to t C er_that..observe c
et R et B AR ARG b ARl Furion modutes
are muafrhtéd hereRpeticanhodids are AdtdiniieRAlab providihg a‘smgletfam@mbut can

oes not need to be nodified in_any way to accommp
prowéﬁ Pltan)y ditferane fyngHonso g8l asingifuntion ol lg;cagpapyide bot%%eatmg

andtﬂ'l@cflﬁ@ faRltiopRtd ﬁ‘ea%rfpd?ﬁ&{sqf alhyp S{‘%ﬁ)tr %Hﬁfﬂ?ér ald interior. Fig. 3A

I anarT'zed to prevent dispersion of the EMradi ation
ﬂlugtrabm sitgd¢ matrolggy ﬁm@tlblll modwndcﬂpesstwpmmardadm teynpomiture (e.g.,

mo%nﬁg %@nﬁ%ﬁg‘ﬁ? ogES i h E}Oélgfes ge'&%c%%g\[elapru?an Eo egnlayer metrology
parkfé@is Sé S RRdaRY BEIANirIIS 08Xe Mg, ﬁﬂﬂllllﬁﬁﬁftésgfhétﬁﬂb@ﬂﬁmctmn modules
i nclu both netrol ogy function nodul es and heatin
IeSHARAYE fO Slﬁ&’é UpREaEneteR|(¢. E@H@ﬁu}@ﬁ"ﬁ dPe1EPRTSHIEAR tWo BaTR@sters (€.g.,
mo&’t'flg 317 Uazﬁ:ir @stpsgsm@{oethret‘; RGeS gﬁl Uh&R1&S £ %léo' Foli@d 317a
to providing a single nctlon can pro
hasrsohsbispd 10 reipbhavetta digtnbtticons,a sngle paramstengiressftimetdtlonf the

reaf b therbRG YIBRTCEY By T EPONE: BF S yiS T Rt bR et

chagibdr $1Me%fak@ﬁetet§'aﬂanc§%o&@th'e|ebﬂ§5tef aleQBuAlyShe igeful. Alternatively,
metrol ogy function nodul e responsive primarily to

they eanpley conligered bclgw, the rroefgr ehasibey. and two netrol ogy

funl%f %e&ﬁgééi S Rigl gggff@f_ageg ’39%2%: uleg@s%gomg ﬂg@-@gﬁl configured

netro
witFingo trmveﬂselgemeateéaemtgrfom@;a riaduidsi30fa a3 7dsind three

respqonsive to a in | e .par anet e 17d),,
tfaf%?ﬁ%ﬁ?ﬁ%te‘% Tynichigt godu 1€é5ﬁf5a 39%&8@3@%%m’0&ﬁaﬂ%
funEt‘i‘e'iﬂﬁBéllé’&ah%etsﬂﬁ@a‘i" t@a@%@%r@rﬁn&ﬁmgmdumdiéh&m%& TPdonnection with
Al so, nodule 317a 20 has sensors 319 responsive to a

Figgli2d-Bi Hikeitne oktralogy Aggicdom modiles ae ramésisabp ethgisusorptef (or the
r cC [0,

centtrafsre 1|o% %g éh%frﬁacgoﬁg‘gs&gerb\//% 1!8%%3{"% H&ﬁ é t%%gﬁg g?ﬁ%ﬁ r%)gégdr an

eplxawramrppc&fea oﬁitth@ﬂﬂc@iﬂﬁ’v ot Ekﬁlc&mﬂeﬁyﬁhis fafuee ImstRdtey/moTRSdentral

usef ul Alternatlvely they can be confi ured bel ow
motiwg 3] bAEMaFlyRERBEYS VEPRCIaRER i fup P&acqm .grorggeripheral modules

309a alnlf'f %b@@‘gﬁlﬁaﬁ‘ly EPohQle RMLATHERIRYy fifliRnd, WVENhIRAess and

conf i gur
roughness of the epilayer. The metrology function modules (like other function modules)
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25 wth two transversely-oriented heating function
nmodul es 307a and 307b and three transversely-oriented
“Qﬁ functi on nodul es 309a, 311, and 309{;
t\/\éﬁ(ﬁ‘lmg?%n function nodul es can be simlar %T/E-EE@WMZZSI
heatlng functlon nodul es described in connection with

2A-B.. The ree ., rolo functio ul.es_ are
CO“Pﬁﬂ?ﬁ Eﬁl%\%dv& ﬁ@ﬂ%gfe hed(lg%s {housing @ﬂf‘@ﬁeawgﬁuaﬁmfmodules
b&%%ﬁ%&gﬁ@kg&dg@ﬁgpgﬁ&?so as to be responsive to

tions at or near an 30 epilayer supported on the
susEgpiBilluskates amtioref &mepmmblmcs guyatrams of ingdulent &s compared to

e central |rrar|I sive to
Fig, Sy b erolips BorEot otuéIabr Bri S fgad pagroam and
dovﬁ%&@aﬁ%ﬁt&%@&e@fdr”ﬁfe&bwg? FSREBE MtRuleB 104 HEY bR hirMg@d Yiear the
functions, e.g., thickness and _  roughness of the
inled i theyeactor thembrette stnsg gonditiensivsieT trogeatien af fhiejowing epilayer; and
4
met Ry ERRTRONEE 51 10 b AR N Gl 1 Pl Gtions
subbdrpigst togeaetiot htethé epilayng NMeanelbgpfunodchanedule BéTongmagsiover the
i ndi cated dotted |ines ig. 3Bil, ustr t s anot her
SUSERDIQIHR OFf5E 49 15pee %ﬁﬂog% biihe Ginuig ARISEEPIRa  dihough
limit8d m"_lbﬂgmﬁlﬁwl E¥ntBabfpaRAlth %%ﬁ@epﬁ?téeﬁﬂrﬁgﬂocfumt%‘%ﬁn actually
nodul es” have been rearranged upstiream and
me@&uvmmnﬂéms @¢rossrtbe suiire epiceptor (@nd epilaygy) s&ﬁmheg&usqﬁmﬂu@ceptor

as he arned near t
rotgigl rlt SpBRE A MG eftEREed BEiR 1A PG T G Rk metrology-
mogiilewonieatidnaibers the l?réhctdﬁ:hﬁlﬁb@@ YiphétTadd i9 thad® evHiRbB by deplacing
has been arrana?ed near the exhaust to sense conditions

thedvp Slwgurdsirent beatiae dnchan srodules uesshin e priongopfigrghgn with one two-
elefnthCnH Ao TREW e@ne'ﬁ%g %c'?iﬁn %ﬁleg 0&d if lt’r%g(ﬁ?steﬁf cdn@iggrauon
order to sense con ns at e row n e
t heMadsiceifots. anNmmpmgakqu@nthom ﬁladtmm ot airlgast wdhmalfunction being

use i B e pnf uhort OF SRRAPETOsmE s sBeS Rlipr gt 8t im ehis

arrSpSHBRI1RAt thAPEHIER dfANSFeh oo AT kAR GRUR]UEdRBt0S BE RaPIntinscly
rotates duri ntgho peration. As further conpared to Fig.

heatol. S5k @spacsriiitenmpdylercan alsp is¢iae abt plardgider thatitaneassist n retaining
oth&%‘hb rﬁ&&ﬂ{k g?ﬁé{%ﬁ d'pB8GELYY Cchamber’s upper face
e aval l a repl acing the two five-el enent
h eaIn prgfefmm etnbodinengwif dss tsention) indbpdndprti forction modules and the
configuration with ne t 15 el enment ﬁnd t WO

reaglon FAPSUHS A9 HgCREFct WS gt SPﬁ}éatﬁF %@Q—T genclosure

carCRRbInBHb AL dFPerent ¥B at?blﬁ Gndl Srr@HYRRRE Yf BBQH&&mWH&IBQ&Hd so that a
function, or at |east wi thout function being used

functien module gen owdeid g didferam configufaions puharamgtpents aad Optlonally

w1t?1$f§ IFI{I{CITLE!»C?OT e%c gu(’;i"e %q%:ﬁ agﬁlg)é{o lgte{éf@l W{é tf%mct? rﬁ&gﬁe@%}{h each

e porti ons

oth&ﬂﬁﬁ‘c’ﬁiMthe Bﬁhf}etﬁf‘usd: lﬁﬁﬁﬁ@h yhodtile atietddiff&teatredctor enclosures provides
ace-fjller nodule can also serve as a pl acehol der

ﬂel‘l Hity padhecqaamyt A Singlereartar sip-systeny ¢fdhis (usatio e swdiGreer
end(l) u?eﬂx@itﬁ a @\@ Faedgtoﬁ) eﬁdrﬁﬂeﬁ) B8d flnBti ﬁggﬁléﬁ @aﬁ B@F{ Sﬂgﬁ%ﬁ)red to the

I nvention, independent functi nodu
nedds ef difeeaatt GV Haprmk:@sswcemdwtei withinchaichachban dllewmgdeuse and
erate together so that a re ct.or. encl os
rec R O S XGRS BT SEoRIEE S A P28 o Ry S Sub-

sy@md unction nodul es-and so that a
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function nodul e can be used in different
configurations and arrangenents, and optionally, 25
whiblvodkdab er ent reactor encl osures. Such abi | igotrds2009/042281
i nterchange function nodules with each other and al so
the ability to use a function nodule with different
%&ﬁfre&? H&lti?x? ‘fﬁr?c%o B@&hfé? 3re %L:?ﬁ{eﬁ bkl nﬁ?éjde@%f) Qﬂ&%nomng,
A singl'e reéactor su -systemo I'S I'nventl on
preferrad tetrologp Clretion eodilichamd Lxdrs ﬂtzecthtﬂr desdritrelie Lasthyd preferred

funct on mdﬁscgﬁ?gan beﬁ{9 xibly tailored to the
reaqiicgee@goatpemrp FEREC BVPP ses conducted within the
charhgibe fidt k@waﬁeegcﬁtp?g ﬁélﬂfuﬁ&1dn%ﬁ@diflés?k€aé§r te@BnfBfuration or

exi sti ng reactor sub-systens instead pur chase of
reanngementef functigh modylss érmyomoeed by degigong 686tion modules in certain

stan@a / US%E) %/é %%ugs)%? em%ru]el i 1 g%le[]ea“ i Iﬁmgv%l 234 r&%ﬁgcléln%ﬁt Inan

exeppRieémbetineht ﬁineﬁeyn fnu deit sizbs canchielchssehns bs efforifmatelesimple
then descri bed. WLtﬁ%t ly, pref er red, reactor encl osur es

fracipas efagleyans tes FeaCtge shgnmber qrefhe rpagtor gpclqsyre. The term

"suﬁ;ﬁ@h’d?tﬁﬁl" A Hiles b B tibA sl dn@! rhaﬁﬂ&ii&tﬁfrg dn€ Xrter one-sixth, and the
reconfiguration or 5 rearrangemsnt of funct rrodul es

likei slopg etb ttled mallja@ggrmmlgpfegrﬂ;g i ow-thirdy Iﬂsee-rmarm tend the like.

I RS RN, A T T T —

fracBiBROSH the [hgthf dfried ﬂe@cﬁomfdwmeeaﬁ BSreadily hearpb@aRhng e w@h of a
approximately sinple fractions of relevant sizes of
reagtoreenelogeeoF Obmm?éf‘r op¢ mefule pé width eperhald pat 1s3dibvebe arrgged along

i ST TR Sl AT MAE LIRS Sl BEplBAB B
funditbnl mdx@,lesahdn’ganwtrbe winkthy seborted|as suthesgreple fractions| of $he width of the
e%: tvvoth rds,. three- arter% antgl fhe Iitke. )
reaciOnsipsloEIiE 7Y DO RRHIlY RIS PR (i BT dirpagtor Shclosure
| onelirteldgthie] Figd T NfusE R ue thamks eBMGRdrishid® heatink dkdiioR Bsodules,
of the length of the reactor enclosure can be readily

mocéule%wl shgvinga widthgfiappioxinately gae-gpartes dhedsugt of mﬂlosed
cvERIR S &iﬁ%dtﬂ ?hfﬁ}arélﬂt%ag a8 gsfctmhﬁewdﬁeg lebyia e readily

arrange h one-quarter,
rea@anges, a)rfcoulﬁhlsofﬁermddaiy Irgpladed bgiothed lﬁnmhbtynmdulem thethabs a width also

functi o nodul e j t I, an S dt hs s | ected as
of g ia Al OB i s oo, RS GETR: Ot TheSE aiTsT wideh
fun&ftil SIS BN BReeplBddl BytwosafidiRN SHuas rh@ﬁﬁ%ta Rad @aPproximately
of a reactor enclosure. For exanple, Fi

onerdighih theahambergrrenelpgme laagthe py/tvey jueh ﬂ@@teﬂ‘i@aﬂﬁhrfgnctwn modules

couﬁc#"l? 2116 fr%o %%Llﬁ%lb %ogﬁg% Igr fmé%t]aﬁdtﬂ ’og %@%EX%%YA e)E glileglsléé}%%% Ighamber
or edOsuredastigty. chanber 203. |t is apparent that any or
al | _of theseozr%gul es could he re dily rearran

or By g bhilustates e lpagiudig ysyela?fﬁ% atlflaﬁletc aﬁmodules

mofRANBS H bak }ﬁ@iﬁ% a"’\m\ﬁ‘chdé ﬁilo?(ﬁnatélgf oRPRIRKthB® @&h %f enclosed CVD
one-quarter the ngth Further, one or these

reacq@acrhambex/@(t& ﬁFhesm modulmdwesmoe@mkad 1b@tﬂémabhz edenygd region 217

thd.t A8 8ib8 u%ﬁ%%)#on?dﬁego Y QHE ﬁ‘&fé‘q %M‘cﬁ}h gf ’%% S%dgtc‘(l)' 8hd rol)t( 5&%&%&:}{‘[ that any or
all @ﬂfcﬁ&ewuue@ randMufldddupivd edgh s coundisy zeedﬂ;cz@gﬂradagbe Jrephldesd be

a single nodul es having a w dth_of appraoxi mately
rea Rared bhether{ypgion 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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25 or enclosure length. Simlarly, Fig. 2Cillustrates
two longitudinally oriented heating function nodul es,
25a-b, each having a width of appro
“@ﬁ%ﬂ$ﬁg? the wi dth of enclosed CVD reactorx%ﬁgﬁ%%%mmzml

203. These two nodul es Ieave unoccupi ed | ongi tudinally
oriented region 21 s al_so apprOX|n&te
one ey "\O%EICW@LO(W@ Frblyr conigiod e FBRIDUE picaas which permit

the ARRBIEH bd &%&1 Meddl ﬁgl ? ih a9fa ttcf}%ﬁaoﬂﬂg %ﬁ%&éﬁﬁgged in the

unoccupi ed redl on coul rea rear range
enctsutedreateod Iﬁem the ankilospre, epd mdd:ebjﬂudt menntingmo¢ans nan include

sordiro it o &&3 S iRl M shso Sekh BPuitemerny can also

mcmﬂstetdgeg ddgde B@m\@d soMosth s 6RYal@f wéll ksRIval iBdndMitltahd that possibly
201070 20 PCT/ US2009/ 042281 Function nodul es

maf&rv@ﬂwcwsmnéhr@rs@wpwe@dﬂw@un adeagfarienetpsine fhas tewappert the function

moa%]ies‘? Rdlpc%rlgg;) &préfg %ggﬁg oq'simg g ﬁ?t?ctlo{‘:f ?f%'du% IBn eﬁ%nﬁ—'})grlgﬁjxegﬂy or

In"areac enc ure, rearrange

nergagdmilyseeured Riaaveadlobure iy} dn g., Pt k»emgrlmltspmﬂ solferth.i &&ch mounting
Suc nting ans can include scr ., clips, .and so

rodis e GRLLN  TRATY FRABGRIS Y felgange s faciar mediis ipg reactor

enclBaRs can al so 5 i nclude | edges, ridges, guides, and

so forth as are also well known in the art, and that
P os&gbl%—Bmoellwttam fb@rﬁm@mndd: dudessan be mouetsd by pheeithg them on a

eact or _encl o the functio
serfiglrRBRSH pErer SLLR iR at Py R bt Bioc o rtained i
posifRWnSRIck a@uﬁm&ﬁmlb@eww%ﬂgm f6ne, BRL SPfAAA] 6r)‘clltemat1vely, the

secured in an encl osure spot welds, bolts,
supapd mesnbes paminclede shrfse fﬁanﬁ@s thi e fimstiommpilgs fgne of several
f I
R R N Y5 A

motlilat caniatot begrositioded edow die Ibectm)lhlambek' byoveltheieactot ttember, or

r at port .mepber 305 in the r actor
botB S BT MeRE 2B /FOMBEIST B Sl MBI lsea MR Feactor enclosure,

or d.%Ql%éd inQRe RAcRH 6ﬁhn?oe§ WP Bt mARMAR! IRsthia] 'sﬁpﬂ@?ﬂ rﬂl%ber 305 has a U-
al one, and so forth, or alternatively, the uppo

shape e plteraaiivie mepnedienenbers ee haéfataue@@guwatshag@; @ré:atl ﬁ@rnpnse parallel,
| d
sep Il'glﬁiC%l:pg&'t \E!E’r%&ﬁn@pﬁo% e %ﬁ%e%%‘fﬁ{e&}e%&or ¢ ucxfré ect e

ured and
si zHdxtsalditiemal dndnadieapecifio fbahm ofdimcaibs mddelep agd itligraed with

bel ow e r chanber, react or . cha
Tef‘?f?“"eﬁ%ﬁ: %?éﬁ‘&&&?’ﬂg g‘ﬁ?‘f‘“@ 108 &n¢ %lefg‘: 1gs. 5A-B
(111ﬁ§ﬂltaﬁﬁé Bteinfary WRQ1dgY HiR&ioh8RGHuRSs). SO LN frcse BEurBSillustrate that

used Tn the feactor chanmber, or other maferi al 3.
funr:tld:mmt)d!alt&e@anwpwam fumetidya c@0BoTkals, @ Lheaihg plemebist sensors, and

the? tea{n'aaatﬂo‘{@gg“ %%%angg ”‘%ﬁﬁgjﬂrﬁi‘gf‘a Vlea.érg%gdﬁlt ”@E'ﬁar qaents.

Althaxgsl fobditingodl @ meuéihgs 26 gescn@bd hitEsizRIa6 obp e hOsditbed with
Next, additional and nore specific features of

one QFRYTE GPACHE Gelasires B‘Oﬂll]le& Beysines arastupturgl yfindepspdent of, and not
mt(%:%% ? écﬂ Febrct gf %ﬁlc%b;shf nga?fﬁﬁ?ﬂhaf éﬁnfﬂ;%%ﬁa%%gl%gg ;i/ﬂcﬁ)\ﬂdually

st’rati ng ‘exe
reomeed aildagpldbemwtth@n munidﬁddaer) of BGe merctir Ieyc;loztdne sBotsigsraes

SChFE‘ﬁE‘fﬁt“éfaﬁeSU’t@g ert?ytn ! o %ﬁl Iacaq ﬁgrqu{z@c%lly illustrated in Figs.

2ASCBP Hct-dBAEU lines, and in F1gs. 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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25 the like, and a housing with neans for supporting
and retaining functional conponents. Although
wiowagdaoesromodul es housi ngs are structured and mizeshodon422s1

cooperate as described with one or nore reactor
enclosures, nodul es housings are structurally

€ y
enc) Doy Bras 2 JRl YS! of (B hodkiflg futfiok BAAMETG1: Figs. 48.C

illuitredé trarbwerdsé ynd loagiuden] sevtions péspemirely, oﬁblstmodule Module 401

cor e o e YT EEbY BRI By Hapke SO THHEL 105 o,

plu%fﬂ dockeR, @l tBOLiRS; ﬁ@ﬂ%tldn@ﬂ’hhﬂtﬂe'alrtuﬁirrsﬂﬁp%@tlﬂg rdtiififg, andAnsking
y short-dashed lines, and in_Figs

elegifient cornestiens ta e he@w demeesl Fadhaych heating ﬁmctwn modules can be
conFHBAA it Shednthol haih BluleHos Pt BRUBEIRTISINSHA] & fully
popg:ll;(:mb\rﬁmy&ef&&}g M&lﬁlﬁi%@@eﬁnﬁzg P QJ|82 OBB/ﬁD&,tZaEJﬂEI Wi Gadiative
| ustrates an Vi ew o .ex ar eatl n

heafipgg WSH‘SE%WP@%%%WGP%‘? regitive Ajamsatsyay weerslidiras) s can also
mcfﬁﬂg sélﬂfsﬁdté Hl@hl%ﬁﬂs 6&% Cd 5 O08.7,1 ﬁmsﬁtowsﬂey actﬁzfe cbﬁil Snents.

nodul e. Modul e conprlses a housing, il rat ed

by gl $A diusicates menmarddtalri@aﬂamge@rlaed@ iangvexse lﬁcfé@mﬂcﬁ 8n exemplary,

ooty pReit i mehREET 186 ol fera i PA U B oR mocdutes

congiri3e hougigds, eaiiifg ticamsfor ond Memheatnsods, shddmRtr snorEsaors.
such heating functiaon nndulgs n be configur g Wit h

Mehplogp funcpqdules Frst have Adtred coiguraionSuPReTHRR anditpieipigg a fixed
nuﬂé?]l)éé’ s hfe%ﬁgteg E%Igsug if 2 £RER Hh%g%ﬁlem spcd}i ﬂa%eta fular, dﬂex|1b1e

Conﬁguﬂadm asUppCeilng]aaknetmgu@ enmbée manbe[r nﬁ dmﬁ&eng sensors in a variable
onvent i onal resistive

arraé]lgergslh gfagsgr reitfﬁe g d’réeag%Fand)rg}ng? gor(f‘acg?lrg%% rs (OS gre se?ec?e)d types, or

canlPerfit $iBord b8 Hiffedént e ko BEfeht@ed SRPRESE(c 2], Qluﬁhg rmﬁlﬁe
illustrates in npre detail, a plan view and, a
MAMECRARGES [ §F§lsgl§@fﬂil b crhgreddnioriiingle sensor-housing or package (a single-
i
cot§ 1S, B LA 88 L A AR LR IR on o v
codqmmsntrsgss,orsr)ectrauam bagf otbantypésorTypreallprsingbr ears;mnsmrssnsoanmclude
or nore s ynction ul es

e PR B DB PP R SEHGr P tBPRRGEY BYSD R Rg g sensors

of dals ¥6podMidt) S¢nsers i@kt RahiRg v@ﬂﬁi‘é@és‘i‘ts | ddand lireed
arrangenent or can have a nodular, flexible 15

co n’fhcguwfa't%hmcws@oﬁmpw madule Besdiowsing 541 (sshpapically illustrated
by QHS'TH% rkoﬁne?' f Slrall ﬁ&gﬁlﬂ{gméﬁs 30y &/ r@tg n sm%e c?mgonent SEensors,
arrangenen ens retalnmng nmeans can p
andfd smgie s@nsmgsnemﬁs ﬁﬁisa -and 5061 ﬁ:d retyipnes, a tero cooponge sensbr. The

sensor |fferent t s e rem ved and, repl aced,
BT e e G AN e ST GR GRS a5 Srre s TRBRP GG Is not yet

popiméd SR 88l IRt @s arsl PO kRusBERS A scBRMSTIRE ridtrdkiSKRAG dhanodule
si ngl e- conponent sensor), or can be configured into

511t thet 18 similea tecths sredole-df Fig iSAgexcont forksgyadly pomeated with actual
f
sen%@‘}g?gglfc[igstggﬁ%%é%é goc% m%?enn(t:&ﬁs% gléc’%t?stgﬁs:% {kéuég gec'c‘ure and retain single-

coryRIMPRY sBh4oiE509eRSION San hssaaﬁﬂ tRE€tdnvd dryof deffisaitsyped I‘ikdaﬂ)h&rangement A
. like;., two conponent, sensors i gcl ude sens%g
single Ae{8iaInETRTRS SURRIBHRE BYO SeRAated PiChRiPHeR 8 ?Qde@ Eb%; .5&3. here

secﬁfég awsetdslmm% B Gwd LB ddeat ?e%séﬁfa@ﬁ%%gﬁl Eded 4P and 5070.

has housi ng 501" (schemati cal Iustrated
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by a bold dark Iine), a plurality of retaining neans

503 for retaining single conponent sensors, 25 and a

singl e retai ning neans 505a and 505b for retaj
W%g%@ﬁf%nent sensor. The nunbers and types 3?&@&039/042281

retaining nmeans illustrated here are illustrative.

This nodule is not yet opul ated with any sensors.

Fi gAddionat deteily of mefrolag Bmeiigmmodwlos hve betroifystraiertinfugs. 3A-B
_ g g
o4 g AP ST ud LTS oS 3
repisetit alcahefodimvun gngreiagis-cbmposdnt gérsesan das 825 spsnes means for

here secure and retain single.30.co e ensors 509
ORI WO TR G SERErSs éﬂ@rﬁggyoﬁmam@@ﬁ% ilﬁ&_@é_ﬁm gred for

\ . . i )

mesepa% gt d %iq gt(‘:\élg (S%égecgﬁ%?g%ﬁgggh |§u é’gA) uﬁ%rggatﬂmo

congmmemtes:s amuipositicn segsan 284 aghmbens-singhp corepunesicagperature sensors

TR SO TR GO R TR h—
gastdBEHIRAMtRRALLRS ob a MEfhes lhohéiﬁ%lﬁzith %hgzda tiwd-dongfonedAaBcomposition
with respect to netrolo nmodul es. 317a, 317b, and
sengr 7 letrpig function soguts 3 13b s baea talnged PIBYEIRG PRRTgHes at the
B TR U L R RRIBANGRL « 0585 Q8038 soror
nurividr o6 ki gle-donpoh ¢rd nempedathe s8iistas FEs atd e numbér afisimglcF cornponent

measurin perties of incom ng precursor gases by
reﬂﬁ@bﬂ%ﬁ??ﬁg@%wousi ng with a two- conmponent gas

COoNPR&blokP PurtE6S RlodaRs Il)?kfé}h'ﬁl? RbmBFisSdRPr 81t SRBHE M sponsive to
tenperature sensors 319. Metrol ogr)r/ function nodul e
rirong

tenPEREIThpERSOsERSHPANSivie ¢o tdidtion reflegtad rifamy withybe chasmbesfand sensors

exhaust ases | opul ati S Q i f
res I G SRy 2 Pt SR A Shn Bedspt B fensors are
img@enaoior sddicoaiuogy pfatasts, o inDehtion iSdotbintiad tb €ese sensors types.
tail ored for measur i,ngppr operties ait the 10 suscep%%r
Ong, ot orgptaraskih i the eiirviH&now o ethsgussfitlifensopsaaudt Bapem ehtac
desgﬁﬁ%(th{gl)élﬁ,' WAl a%?é%%%%e sifth Efsoffin $ 10%37%%99 S¥dules of
tenperature sensors 321, and a nunber o
thisinmedton c Opprien tnd niglity of thevirefprrsd samorrs 2828w dstrilddoyiyh reference
. funclign nngules preferably conprise one or nore
in pAllrdO FlgsBonsi ve to tenperature, sensors responsive

t 0 Caliddrin@Tirst@bhpahiatt @, Whdsh héhsbﬁ%r@ﬁ@ﬁmggusaﬁﬂand

sensors 15 responsive to %as coglfgsnl on within the
advangges fopgonfralligy teppesgiures dpang e Tsnsespes sqrikat higher quality

LRart apt  f0r . sem con I RLAGESSES, & e . l.ovent i ‘
olBOGE B B0 Q080 LAY S AR LU o s
relwoulthramycomkick (TCrsitubied an & raaciol chamohver bélowtandnn theefgibn of the

g St R B ab IS BB B SR EL e ) hspone

only YO S AN IRRAME® Beddf and iR di BVt RsindRB At @ler@fdo the chamber
utility of the preferred sensors are now descri bed

andpgxplosedep dheclvesh infroiot ponglifraniscul ar to Fig. 6.
Consi dering first tenperature nsors
ar ot Byl RE AT BRR Gorhl 6 BB Rhinhor nd
resh@¥PRrtathei@sl rddiatingp4sMb tiroggsthe svalle of thalchdthigdre They, thereby have
.quality product can he produced, Hovvevefr , many
highgeliabwltty padreidicsanse Bme o More srgsdicply .| nyetered isnipgigture 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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rely on thernocouples (TC) situated in a reactor
chanber below and in the region of the 25 wafer, have
wionaysnosésadvant ages i ncl udi ng, e.g., slow reSoOmss009/042281
times, since they respond only to slowy conducted
heat, and limted reliabilities, since they are
suffillbly Bhnstord AP HERABREL ihoARHl SXRASAHC ThAPLARASSS of this
Interior conditions. Instead, tenpérature sensors o
invedtios, bemyembided an metralogy fedctiommokele\En b eaabidy ammanged to measure

responsive.to.thernal.r.adi ation,passing through the
tompER RS A VS IR iR &S aP @b have | 30 hi gh
r el Ceidetihy n@ deflcaBbsl sdnBSBOAGRLISA FElectMDFiBm a growing epilayer carries

. specifically, preferred tenperature sensors, e.g.,
infoymatien cappeming 6.8., 8he epdpyer's iHgmescadpurfacarovglses: sThereby,

rLSd t
SRR LEGHBLSE o AR SHEED el AR B e
outsi baofeCVDychimbageanesmadsihicdneds and bmighmdss irddmattioon Th8ness
. .emtted fromthe surface (the reactor chanber walls . .
mf‘ﬁ'ﬁ‘ﬁ??“z‘f%‘é%‘ﬁ%@af? g0 T Rt 3 e FosB008 ApleppRion can indicate the
nat® b el ggfihprddeaRs PREEXambR, Eofhid BlhRYiR! e b NEaNBEan grow in both a
radi ation). Tenperature sensors of this _Tnvention
3D geiwih mada mesablingnn Ak trraglag yurfaga sithdawegliceon, erdn 2@ step-flow
i : ed re .t s Lou . s
oo SRR AP ES Pt SEBE Sl BB ey
infdrmﬁtiﬁc tdneRcsrdingbr s used f{ir&bh@dﬂ of FaNesidetinflargprocsgs @u\ﬁm achieve
. epilayer carries, 5 information concerning, e.g., the .
hlgléﬁsiquw productyj ueh sesory san alse Pgeéedrigngwﬁ g!ﬁﬂfr?fﬁ}@&b@f,modlﬁed
prob&bdsection sensors that are responsive to radiation

reflected fromthe growi ng epilayer to the outside of
a Réblechidbensaanf fhrsouvadiond.gkyegs campomreotigghsedd3, are selected

I nformat.ion. Thi ckpess,. i nformati.on .ndicate th
o ey B BrgobileR P o X HRBHRRSES ot B BB rom

surfabéhiwGighie a rd¥Rtor OBAIBR, 18 idchRnOiGistibn PrefaaislS ©Siginkidig at least in part
exanpl e, certain terials, e.g., GaN, can grow in, L.
frorg gisRurge agsogipied poithy the prsaer: ruishensai cam ba Fespersisgip jsible radiation,

andXdh fnﬂ:%tﬁie‘@;jﬂéﬂt 5 fob®kl 86 bis@acendlabrabediAts h %B%J-A;Rﬁe’ bundle. As

“growth node resulting In a substanti aﬁy snoot
witls athtasesows,trhflectiity bansons efd mowntedhon Refrblegy ifnictign modules so that

i nforpation, can accordi.ngl . used.for contral . &N .
they, s Dol Bt o B B Gl PG B bt inai R ke Py ftpecd win
resg¥cO@UBE CVBUGHctsienaaiber.can al so be used for devel opment

of new or nodified processes. 15 Reflectivity sensors .

of Hipely. ponpedering gas eomgposition genserse kpaydadgnofgan seyppesitpn within

the ?éggm? hE0eE gs. leERﬂ A aﬁtag&glii g(?xj steaﬁé'fglﬂﬁgéc;sgé elﬁ(fr example, knowledge

Iation, ., radratio
of thetdmmisswbnfof gases seacfiarashaviurfuice ofthe epiddyer dairarthe coursdhaf a CVD

i ncident radiation preferahly originating at .|l east i.n
profsGs PAn 16 7 SBOEY HOUGPAPEE I U Y i G150, G dee of the
conSRBIBH ST 68 PEHAES PRASHY Qulify MaSibR} SlekBAd 8dl W hised BN htomatically
can include a |ight source focused on a surface and a

mopifesigas-phash clganing ef uppanted issiduesdrorng chgnbgripfedemdilowever, gas
n " I VLY. S6Nnsors. {.e : I ,
corB G0 e ENLPEL L Yy LF STAPSE OUTRUAT Pty
relifigly sftaqohdicas ontpomtionl Bingvanddey infunshl €anrdaetof tiexital,\sas
arr d wth _respect to the react or chanber.
composﬁair(])g %as,w«eretofore, us%aﬁy been estimatCe'X%om c am%er 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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Finally, considering gas conposition sensors,
know edge of gas conposition within the reactor
j s useful and advant ageous for sever
W@%E@@é@’ For exanpl e, know edge 25 of the ai)CTlUSZOOQ/MZZSI
conposition of gases reacting at the surface of the
epi | ayer during the course of 3 CVD process can be
us edETBYS of Hiis Byeringveresmegnchydisadypatages since they\ e gitergal to a
6ot ERAFstl A Bhe G4 iehth Mkafo
rea@hgﬁgg{rﬂ% g%ﬁﬁg&cﬁ;nﬁ%%%eég ganl gS cogn be usegl%tsgﬁ(iir arons
withinttbereliandet,|and canbe teadilyesrpiged @s tieg ard prgfeciblhyumesnteddn

si dues .from.a c er..interior. Howeyer as. .

el B G PG eh B e S sgrorpRgeis o SR Tvnipe gy
corRSSsRionSrdRh tHet®sdtblidd £ dp¥ctPll pfipeRieh by g dftdlpdsshg Bldhh the

measuring gas conposition using sensorsS internal to a .
chambgr neing swthedeknovgnin the artpBaiefly,dighhebsorptien &t relatnddo the absorptive

l,] N f [ .

cod Tl Yo R PrBpIRl Gle RS IRBRRE: GRUMED BalbfiRalfS prescribed
by the BeaLembern ﬂa\ﬁvgiﬁdf ferrpﬁ@ﬂ@maiaﬁsww “ﬁm@ﬁ ﬁ"edp{]en@a'm a manner

conposi tion, a ' rent .| ocations withi.n the c er..
chagactapstio gf each w%er@rfﬁmmgm 04 PFPMPREHER FA el e or a
partitt¥& Eas %nggﬁﬁ&PéEﬁs&%ﬁﬁ SRR AR BS nekiCRedsiiRncRs Bf gases of

exterhal to a reactor chanber, can directly neasure
knayascaaprsd®int i on at one or nore separate |ocations

within the chanber nd can be readily rearr d as
t he el RS o rRate P RrrLesh0Y PRREE i Bomponents
extédo8Be cHAEdLLr ahtsy corhteRet fseammg QradiBle Bid/or ultraviolet (UV-
eterm ning gas 5 conposition fromthe absorption and

d
viskkeht beain hayips &pewe spestral wai%ﬁﬁ:ﬂ@.uglgﬁggpqﬁgortcggg‘@% #1ika second

corfipHEREfor HRk o TG RS Y bboch B R imea e skpedtdap foperties
Mudtiiyele gan@eanositivh sarsonsfcat be poivided te nicasalos corygrsgiopat gwltiple

gas canponent s s .prescri bed bX the Beer-L nberJi.
poliins SRS AEGb hEeoBPY argls S5 ) SGIROh AT ffpeitioned and

arrargRE %fﬁ@ysuf@%aﬁ cBBpO&Lion ﬁﬁfﬁé etBfyiot hictovithe @AY er; another sensor can

absorber. Determ nation of gas conposition can be

be pesitiancd ead afranged n¢d thapierwerans gaity aukperti gep oxhayetnie bily assesses
thed; Leact Or. e t%g‘%earc hy maki ng neasurenments of gases of
Known conposi ti on: f—qr ef erred enbodi nents of gas
conpdhotighatot ﬂﬁmﬁ*@lﬁﬁ, nﬁéﬁ(tiﬁ)lnl rl;(a:])c dules lateheot limted OG?MgSa single
exterpal to the c er: a first copponen or
fuﬂp}l%s%ﬁi% THRCURIUPAUIS T S BFa £ @“E@"EJOENRH ppdyles that
providhul ARG AR N AV SRRDIS @besﬁﬂf‘sﬁgﬁ{glé ﬁﬁctﬁc{ﬁﬁf@ l(r)irgﬁby portions

the reactor chanber; and a Second 15 conponent f¢
of 2 €3} xeketgr ¢hambier anbimicrioe dFdricgmpleeasmalndciton fuecdwomiadyle can

. its spectral pr rties. Ml tiple gas conmpashtii

inclu¥ BEPes 8 BRS DR P Feadlls & BERsEEESIrgS, one or more

radi@t bk iBnpsPOEd dricQrIndik bAd Puddint @RAGEIIuEDABIBREAts FAlsingle metrology
exanpl e, one such sensor can be positioned and

fungtipr rgdalercan Mekidadefears tamrpbsamsoioenents, e vi &8 ApIposifon sensor,
a sgrg%{ej)%ﬂ&ie%gkﬁs%}( Ghd 2 3RbdIRreSRRRES Flndikr, ﬂﬁn@lg ﬁidte%ér?]lt'agl‘?t function

rranged nedr the precursor gas entry and sp
mogak cax iralisk fuactiouleleneatssd sisifgent 20pes reg. emating fimetion elements and

W thin.the reactor., Al though not jllustrated, function
Sewﬁglpgéonaeﬁgn%i. §1}c{lh atrg%ltlt{ggﬁ}oa\;pctdu#gcog‘i@nﬁ]gag radiant fleatmg 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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function. Rather function nodules of the invention can
be multi-function nodules that provide nultiple
woizofemsszs functions or nultiple types of a simgpgs2009/042281
function to nearby portions of a CVD reactor chanber
and interior. For exanple, a single heating function
Botﬁ‘é%'xb@néﬁ%rhr@ SuppBREVISHR Gialdean g hethl RS SfuRétidAGRddulhousing 613 at the

el enent s, e.g., one or nore. resistive elenments, one or

sidesf @eaCtoaahmher KB% 80 thatibey awersepasaied by ambnebstameted path dpugh at
lcaszgart ﬁ? H}g WELBher® ﬁg[ﬁecc?&]ﬁonentg {:Qxﬁgﬁ ééo% &%be[fs % ftvlar}%?l'é can be,

e can 1 ncl eren sensor e

e.g. ﬁs@stan’@l@ﬂ&dmﬂﬁl’fb @sdhi dther (PahsBIrmirrod irBagel at eachlodyee). tliefis
sensor a tenperature_sens Further, a single,.
compeaEn <N @Ew CPRIREESSSrfocus UVeWé it SouTcG a4 dHcemiGH light beam

637 Fﬁd@mn?l dﬂécftér%s Nor } Etng Boath 63 718 R8s é39ﬁﬁ§§ui§‘through the

30 sensor nct enents.
chambekt. i RighiaotiponemtoO6b else goammsea @ncuhl@ anglgil aeflectpeafior reflecting beam

T LAY e

spebiedilyCRAFaed et 638HSSns6rf 633bltad bk Ve pieR £ diRihel W a
| eft portlon conponent 606a, and right portion,

alte@&%@laém GO BIbe Torp RS bRamor4d (e Zon ey it A3 s uYotlbshe gensor via,
egh@é paponents are supported and retained by
ro ogy functlon nodul e housi ng 613 at the sides of
r edﬁummgmbmtb ecachHn gndusWﬂaprefdreﬂ feateres etpaloat dedcrihedawith reference

0 g B R RS O ey STt afote i oleg sy hold and

retaih EdAcBABhEber pREGably SH8Sd @thbrd ltypés ShdpleBiralp irf@&Rnner permitted
other (perhaps mirror images of each other). Left 5

the charplsn’s Frm®Bband splagwngnti o ¢lsq o pemybwadncaifiguratign gnd

aer S QRES of fifttiod BodL ST the fakuP AR B8k AiFe 4A-C and

Figh émnfBB 3G pasplang ethodioeght dﬂ'ae'eacﬂ:(h’aﬁmbbsure R Qi&tmmtrpm p@ntomprise
606b, al so canprises anot her. | ed ,reflector, f.

UDDRE PR TR B AT T80 SR BLo 4S8 BT 18 IOH R Tpiptenancd) to

pro¢iag ABREs IoNhOinReRNLOAS rélictd ha8surs %e N6 e 18336 chafer, to the
spectral | y-sensitive sensor_ 633b. Sensor 633b can be

funptiprgnedyl¢seerd igothdrcagpmante dor examme.dhe epneaand/ompgr peons can be

hing 7 {ORIGRNE R B, Eab Sy B AWaf b O Y PU DLt pobid pfbterably

suppout andigtaie Kinction meduitom wemnalmes peesttingtief moddes’ feady ur es

are now de cribed with reference
1'00@6 aéllf’wn FRHARGMTh cH R ROLIGE a{SH|P§°fJFT%b]§r§PPW Ypdgretain

recéﬁﬂgﬁ%i% & @%ﬂaﬁ%eéﬁfé flufet{dQ b ARG (orf Rh& eQuipnleRB! qsl@ less Preferably
nber preferab one or nore types and preferab

havmnbffﬁrmd tap@drﬁmctt@d madglashe chanber s renoval and
an E.Engﬁ?%gﬁl enaxtrc]egngﬁi Sioea%tt%r gr?crl § (ﬁai(sj Ylluﬁg‘nted %u{r%}slvgrge section at
the flé:lfI&D&ﬂ the sdﬁ@@tﬂd)re SThelskdtiohn iR tds I‘ﬁpﬁ&rg)ortﬂﬁ\ 605amnd lovdrg®rtion 603 of

A-B. An exenplary enb ment of a reactor. engl osure
reafefpr W@S}%ﬁ&ﬁt il @aﬁcle&wﬁw@@s of psversey- qﬂ@W@ﬁ upper metrology

funP@SH hOMTe YWY, $hhchR %hzgﬁbé'r%eg ich¥h %ﬁ&ﬂdl%ﬁ'g)oﬁ%lttghénmo' 188itudinally

routi ne malidtenance) to provide acces
ori¢nigddpver heafing ﬁm::nmambdulee&bﬂaasd |6é1b eThe yppeoartdiewer portions of

readioF G e o P YER SRR ERTRG O BT oAa B LS. fad preferably

canfIrbd N SepRNte®B provide access to the reaotor—enclosure interior and to the CVD

reactor chamber and function modules supported therein. For example, means 607a could
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hi ngedly joined so that they can swi ng away from each

ot her. Upper portions preferably support and retain

function nmodules in a manner permtting the nodul es’
WP2QUYO05628conf i gurati on and rearrangenent. LoweyT/US2009/042281

portions also preferably support and retain

reconfi gurabl e and re-arrangeabl e function nodul es (or

fun?imneas adunge ﬁ@chhtn)gar;skﬁﬁlﬂ bicewld fimatibe pab lafct®r Wige @er@aﬂ:- ylhe reactor
: . > .
e BSRE, MBIy BB R R poroponcs

susédplirLeRirslaiedlt] QiRc@itor G1NewaRY Bbldef610hehdssusep il Ohiaft 31 The
section illustrates u ortion 605 and | ower

s porarisBA BORURY congal bl raswer bk REpBeN, (gklugiald), which can reside
in o3 BESoB R Rin Ay D ARSVRhRAE K hoRBb Lot RS ang g1 10

(wi The twt lengitidimiippanmtad hyating fondion rodnkps,tsimilady foym@liles 225a
Lented | ower heat,ing. function nodul.es 61.1a and. 61
and?f5b SHREE-A5p e A PE BB P Gnen g iR g Aot sy gnents.
ThORkhtiag AurcBYEDUIRkY cARSHRANIAMRIRY: 2T FRBIS cRfiRr 809! and can
607b, "and preferably can be readily separated to

be pppuiteiandaeteined mbtheindongiudinatends by losar gortiondPB of therhgusing (not

. e D r r.c f (e’ .
)5y Y Rmp TR 4SS IS UORRLER TBEALES, g oo
heatifid Oir2666 7o didled 4dSROMUMRPBTin Figs A iBowith hedingichgeents extending
and pgeans 607b c&gl d functign as a latch (or éi ce ..
betygrsiyturcspe thesmedes haunmen ef hsmspires @dg‘bP‘&hﬁ sliggdipcsion is
pi‘ei}?éﬂlys, a@??ev’i&h%iy‘%@&ib%ﬁ%‘si Eatidn bMhE R tor CRERORSRES. Here, the

susceptor “control " ring 615, susceptor 617, wafer
heahing flectied hodalesl extast eptsuersel i ddrtap@kimafbly oge-thigtofghe mractor

shaft .|s,usual | tragllably ragtated b ui nt .

chagpigt wid R LT RcelTORRr AR B s Bh Gttty R REREY of he widh
bet TRasveRRGideidattdloBr fuabi@tmb@adsi 919 chtlBe bin@tured as in Figs.
nodul es 611 a and 61 | b. The two | ongitudi nall

SAdr WEREIGUIBRISEHGT FHNBTRANERD GNSlCONIORENtAP1SPTY %23 and 627, and
o ! .
R 5aF e SORREANR, o) B 7RI 53, R QYR8 mmber

643 T¢ntertiggy firomg thatnaisiase sidchudf eppogrotext dicf thrdeactsiomelosure. The
all of reactor chanber 609, and can . be, suppor.ted, an

g fenbh et AP B e e Rar e AR B oo BT R o aree as or

lar®9 2hal fhetvigthSTURdE REctbNSHanbRr, WHildShd RhSENdiM wh@h is preferably, as

supported on a |ledge, or insert (as rllustrated in
preFiogsly ﬁASCBﬁ?d,@rsmhlégfram@n offthe reapion chaneper lemeth. divarerdupaasnt sensor
sof RO R Sl Rl DRI g goctvi
senB@y sd@asor BOS atterapswRrsensdrdt h of the heating function

Bt Bt ol GuBERt B RHEPREIRES Mg dopR imit the scope of

theHBANHDE stitB s O PrnBRAREES 2fXiIBSFhLhANSNEOL S B ¥FehQl aspects of the
approximately one-third of the reactor 15 chanber

inventgtinh Argaaguigleneembeditngntis erinteddglbip b6 48thimthe scope of this invention.
roxi mat el. ne-third of.the w,dth, .,Transversel .

iR SRRl e Sk CrRbroh b R so bAEHRNG 8 lscribed

herSinl Weh Wk eleraste ubefii @SabindibnCoMht Blethe IR WSS ed, SRR Eome apparent

retai ni ng means, single conponent sensors 623 and 627
to thage skillpd e themuberquenslasaintion0Besh raedifiesions arcisdso

o BHBRR 0% e2o98 AR ROy SR 9

applicaidods ewidlep healingEhed legends are used for clarity and convenience only.
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20 transverse length of the nmetrol ogy function nodul e

is preferably approxinmately as |large as or |arger
woOheiodobeow dth of the reactor chanber, whil e pdwUS2009/042281

| ongitudinal width is preferably, as previously

described, a sinple fraction of the reactor chanber

le n&&ﬁhugﬁ WP HRIORRR of BRNEXUNtioR ARANGRH i ARR: HaR5EI R fot in

a gas conposition sensor. Sensor 623 represents a
otherefthisds fov convenrosanly anecuth deatiwo magds cambered evitit amyeor all of the

oo A3 e ST SR Bl RS

"hatRA¥E Ahi ORith'SisBEed htemeremRdhRiésd Bfeadiyl and Sbgtdhermisvely and are
of several preferred aspects of the invention. Any

not digited 40 ami phyriseldnieesensecion. The amiglsg "¢ rpan’yerthe like e also to be
. | .
ateF 5 R bRy ind by o RS ol MidSineqler ppd the phural
Mosdoouw) ainemlstelsmenth ddclobeerin ithe, subjectappd cationersadgtéo bis ke as the
conmbi.nati ons of t el ements described, will.beco
ont, et s ggns G RO UGIS 1 fReEi e BT e artand are
witBid PRERUSHIngdeamE] Ption. Such nodifications are al so
intended to fall within the scope of the appended
claims. In the following (and in the application as a
whol e), headi ngs and | egends are used for clarity and
conveni ence only. 24 WD 2010/ 005620 PCT/ US2009/ 042251
Al t hough specific features of the invention are shown.
in some drawi ngs and not in others, this is for
conveni ence only as each feature may be conbined with
any or all of the other features in accordance with
the invention. The words "including", "conprising",
"having", and "with" as used herein are to be
interpreted broadly and conprehensively and are 5 not
limted to any physical interconnection. The articles
"a" or "an" or the like are also to be interpreted
broadly and conprehensively as referring to both the
singul ar and the plural. Mreover, any enbodi nents
di scl osed in the subject application are not to be
taken as the only possible enbodi nents. O her
enmbodi nents wi Il occur to those skilled in the art and
are within the follow ng clains. 25 WD 2010/ 005620
PCT/ US2009/ 042281 THE CLAIMS What is clained is: 5 1.
A nodul ar chem cal vapor deposition (CVD) reactor
sub-system conprising: a nodul ar reactor enclosure; a
CVD reactor chanber supported by the reactor
encl osure; and a plurality of independent function
nodul es supported by the reactor enclosure adjacent
to the exterior walls of the CVD chanber but otherw se
structurally independent of 10 the reactor enclosure,
each function nodul e providing one or nore functions
t o near by
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portions of the CVD reactor chanber and its interior
that are useful to processes carried out wthin the

2. The reactor sub-systemof c
W@?@?@lﬁ%he reactor enclosure and the 15 func %52009"042231

nodul es are nutually configured and sized so that at

| east one function nodul e can be supported by the

reactor enclosure at a pIHECLAIMS i fferent

positions adjacent to the exterior walls of the

reactor chanber. 3. The reactor sub-systemof claim!]l
Whahiechiimedats: | east one function nodul e 20 conprises a

| onger dinension oriented in a direction perpendicul ar

to process gas flowwithin the chanber, and a shorter

di NENSi OR mhd¥ufhr @h&ﬁi%l' V%Bmpd’e?@élh@ﬁ (@VDPfe@@t@?’&bg@&eH Ohprising:

4. The reactor sub-system claiml wherein each

f unempdwlarmsdctpecriclosuteer conprlses 25 at | east one

housj tructur of nd

o R L A R VA

f uncpliveatitebLingeicadai PRREbR thodilet AgpbHedby tid rédethi leBclosure

housi ng for . prOV|d|ng¥the functions performed by

. t he
adjsgsHifodhc grempr walls of ey P @%rsb@wf @ﬁh%‘flsedﬁélicwﬁﬂy mdependent of
tho PORICR efloiQ0Re. Qe RECHAHAGHILE Bro¥RA 6% oo e RELHGRI BBy

eating el enments supporte ousl ngs
porpomnfdhm@\ﬂﬁhaactbnchan*éar ot 1psc1nten01n&atﬂre tisedul @y Processed cmned out
Lts interior. 26 WO 2010/ 005620
“mﬁﬁgg%éégg 581 6. The reactor sub-system of claim
5 wherein the heating function nodul es further
gfrlse one or nore radi ant heating el enents emttln%1
at i ohha1sacipy wi-sypfemyod|claém dfwherein theagaaterrengloawn end the
I
ﬁm@tﬁ IﬁBdl%Igs?nﬁ% Freﬁi]'[aﬂb;% gﬁg& e rsﬁ%e?@b rtllugf aﬁ teas-[ %ﬁ Fﬁgﬁegrfﬁlodule can
be mpph@at bynihe réastue tem:lmdr@ﬂia Iﬂﬂmh@wfmﬁf&rem pbymbimdj &anttothe
encl osure so as t ovide a profile of heat to the
ex@ﬁﬂﬁ“ﬁhﬁﬁ%&?rFﬁ?%ﬁé&%PLmB The reactor sub-system of
claim4 wherein one or nore function nodules 10
further conprise one or nore sensors supported by the
moddl e hl“)luﬁsnen@gr Subrsyﬁemsxflciamg 1 wclmn@intat lsag onn fusetiptbinodule
conSpor Ll g po Ianregsslﬁ:vt?rsléné? elj;rh%g 1eg Pnrgen Céllrlaé’l%(h plio%gsrs ggs flow within
the &Em@a’rﬁarfdwf dhipeter difRpsios & m:ﬂi&:cabn péralle t@proaesseasflowf or
determ ning conposition of gases internal to the CVD
reactor chanber 15 by measuring the spectra
propertigge %Ectbf ALy bb AT alirh Q% IR Wkt MRS miulc further
sensor for determning tenperatures internal to the
mnﬁvﬁeseactor chanber by measuring radlatlon emtted
the re
det bl P Be i ieibs S 5ipaRi R fidrhfvabigsfrom the reactor

enclosure; and

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.

26



10

15

20

25

30

react or chanber by measuring radiation reflected from
the surface, and a sensor for determ ning the
woaughnesee of a surface within the reactor chadreus2by/od2281
measuring radiation 20 reflected fromthe surface.
10. The reactor sub-system of claim8 further
COMRY | STFif rBadhbetdiflsldidim 8F TR HRE cHoREIgHAneRA Sfulos
that are supported by the reactor enclosure so as
furtherammpeise omuirtha sadiant heatpigmlahmtg/ermﬂttmg hflietiemto wh1ch the walls of
ortiaons .of the CVD ch | rior. 25 11. A nethod
the%@?“%%ﬁ?@ﬁﬁ?ﬁﬁgkg %5 ?gactor sub-system the
nodul ar CVD reactor sub-system conprising a nodul ar
react or encl osure supporting a CVD reactor chanber
and’-a plThedracter syb-sysiea pé algen 6 frthes cowarisipgy phisality peheating
I
funl R CREARE Hpp Sty 8-SRk bR Aon Pl 8 B HRRALI Fltpfle depfar o the
CVDhhaGh& ialeainber 30 but ot herw se structurally
I ndependent of the reactor enclosure, each independent
function nodule providing one or nore functions to
neay by PHelrbus sas-syﬁ@n@ﬁaaﬁﬁ AGHRF i bAOGEhord Fenctioh $nodules
interior that are uSeful to processes carried out
furthgn @mm%enmml@hamrs supprstadgtibemodeapeisngsdor measwing
cona%égé ROR8AY fofddnyiag %%%gﬂ%éa%i!or RELGG sl %s RGO
I'ndepen RURet iCon modul' €8 or eac
functlon nmodul e, selecting a correspondlng portion of
the CvD__chanber and its i terlor ving an X
funttiont hffda%ﬂt(gssu?ﬁaftfera ke 313 BheEmin g‘y SEROTY @&g?rcfpmpﬂse one or
moRIMEa QSAOE R GiRfcBMinkfy compolRiof OF E&s@?glté?ﬁzﬂttb BRTPH r&ﬁﬁ)r chamber
CVD chanber and i1ts interior; d supporting each
by measenn@thefspmtal propentidsidBligin tnan@mttedatim‘@tghmsm s,nneor for
detet Hi % g etIIB)teIQattt?l‘)é% ﬁgérrg%l rt(r) Q%p%?} Irfr:]aé:ttorl)" (():P mber%gfa n%)aglgmt%t ;Bdmtlon emitted
froth @& liDthe ré‘d&ﬂ:ﬁ"@ﬁim@diﬂa beinSor fof Gdtédiiniag HeahRUndsobf & Ra@face within the
functi on nodul e.., 10 12. met hod of claim 11 wherein
reagtpiecham %%bweqseﬂeg raéifﬁhﬁeaefff‘@éedffm Hersurfaesnpng sgengdidopy
derdRfifinfl 8R! bilShnb 4Nl QP SDWHhiR Sh bt QMInBLNG, MERLrib Oradiat
“Fhe ¢ rreact or chsan%er anld Its ? nteri orﬂ%(nd Whiélrgé:lranl‘r1 on
reﬂaﬁﬁhﬁctmbmmnﬁﬂmle al ready supported by the reactor
encl osure nearby to a selected portion is not renoved
if it provides a function simlar to the function
pr om), dedriyreddier sublsgaé@ @ oREH Beultigerkempnsing @ gluadlity bainetrology
selected portion. 15 13. The nmethaod of claim 12
fungiprayapgplostthat anspperedioy e reRskr iCRGOTIINa 35JA MegeHIF gonditions ina
t tor chanber and
pmﬁmérlnterlgﬂ% resggagg?g (@%n;%at, ien the selected
heati ng function nodule is supported nearby to the

cor{espop megi%dpfgrr (t;clm(%ngurmg §modlar 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, cach 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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provi ded by the heating function nodules to the CVD
reactor chanber and its interior 20 according to a

W AR 2 QD process to be porformed. LaECHfgIRlazst

met hod of cla|n111 wherein the sel ected function
nndules further npri se gne.or nopre sensors for

me aSlGAg 0&%%@#%&%@?9@%5%9%@9@%5 of the CVD

r eaﬁ)tr Qéch %@cﬁéﬁ%%n ulel S fléc% E'CBﬁespBﬁdlﬁg'Poﬁﬁn g?fh% CVD

metrology function nodul es asuring sélecte
chaodedand wnsterior;t he i nterior of the CVD reactor chanber

15. The.neth f C 4 wherein, for, each sel ect ed
ot TSR o el e S Soadted b3 e RS oD SRS ey to
thetsa%ct(;a/ ﬁ%ﬁ@&ﬁhe ehanhifimiRPehd #Sintetol2h@r are sel ected
whe 0 the sel ected metrol ogy function

o dmp@mit@g §@Fﬁp®hctqd fiveetionynadyla arethe tacies pelenurrpdiacent to exterior
wa O(r)ftrrhg 6’\/%%%% '3 {ﬁgpzttr% arbgl‘? th'e %I%SI ?ndlgé &*ﬁ%n g}@e CVD eactor
cha 6] 18° &8 B nf

ar e made accor neasur
chapitet hditdiateibrsdeted for dﬁpﬁmdﬁmmodme a particul ar CVD
process to be perforned. 28 WD 2010/ 005620
PCT/ US2009/ 042281 16. A chem cal vapor deposition.
(CVP) repgd ﬁEthé&‘ Qf élXﬁﬁ ?M&%fd A5 QA RAL I Poddl&s fiRfer

met hod of claim 1 An 1 ndependent function nodule
cothpusewsie oninpte Jwatmgal ﬁtnauomﬁdmlem&x provading héat so/the €MD reactor

chagg PE Bt aer i Bhort At Sikis oI HEreitE RinpRHEEBF b afbctor
encdlbi@rd W4 etyg atsbla&teﬂ potloh iChd kethdvediifd 9&%&@ Rtfufion Bhilar to the

renovabl e fromthe reactor _enclosure; one or nore
functigreprogided be therrelecied prsiuteds bsynqun@dfﬂaﬂ@t %Wtwm

housi ng, 10 wherein the independent function nDduIe

and the nodul ar reactor enclosure are nutually

coni3.gur €k mnttioé of eldins 02 tvhadeit, lﬁﬁ‘ chcnsddoont hoadag fanctiom module, a

be su Ort eact or | ure adj acent t t he
corgigpRId s PP 8 CRHGR G P G DY gF o8 S5 sy 69 that, when
the%felegtlea heiRBtundBa mddaRsis s@ﬂg)@rtwﬁé’a%ﬂo tHOERTSHRRIMD Rftion, heat is

partlcular 03|t|on adj acent to the exterior
prumlerl@ycﬂie hagting iﬁ@cn@raﬁlpémleméh%GWD teheion ¢hapentnsiits interior

[ | o)

acco%‘ﬁ%{o a %8 C Lé% ﬁ%ﬁo (ﬁlﬁé 8%%%}11%8% ore%gr};&éﬁg eén gﬁ d—h&%lar CVD

pmmameﬁbepmﬁhﬁkdare useful to processes carried out
within the CVD chanber. 18. The nodul e of claim17

wherein the function el enents conprise heating 20
el ennt STHOh AL YVE Hlalt 1 DGR PMPSALRY HﬁEﬁérP;%dlﬁés ﬁ;ﬂﬁcr

CVD reactor chanber and its interior. . The nodul e
comoprise] cak 0T i®TdPEsW@H fortmhsinnpctonditions mrtmatbef pfomcmh ef the CVD reactor

chgE R o s, B0 Fie o PR § R T S St TR MR SEIRF BpheMing setcoted

conditions 1n the interior of the CVD 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 18 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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chanber and its interior. 25 20. The nodul e of claim
19 wherein the sensor elenents conprise one or nore of

wo 08500620 P0Si ti on sensor, a surface properti aETHER®042281
and a tenperature sensor. 21. The nodule of claim18

further providing two or nore functions to nearby 30
DOrid. O SherkiBf Vet deFBGHAH (VB REL0ARS-ybi8m' Bhfifired according

to the method of claim 11.

17.  Anindependent function module for use with a modular CVD reactor sub-
system including a modular reactor enclosure that supports a CVD reactor chamber, the
module comprising:

at least one housing that is structurally independent of and removable from the reactor
enclosure; and

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

wherein the independent function module and the modular reactor enclosure are
mutually configured and sized so that the function module can be supported by the reactor
enclosure adjacent to the exterior walls of the reactor chamber at a plurality of different
positions, and

wherein, when supported at a particular position adjacent to the exterior walls of the
reactor chamber, the independent function module provides 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.

18.  The module of claim 17 wherein the function elements comprise heating

clements for providing heat to nearby portions of the CVD reactor chamber and its interior.
19.  The module of claim 18 wherein the function elements further comprise 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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