Met hods of and Apparatus For Accessing A Process
Chanber Using A Dual Zone Gas Injector Wth | nproved
wOpimsoail4Access by Inventors Jeff A Bogart, LPOHaEszm07/013831
Shar pl ess, and Harneet Singh BACKGROUND 1. Field
[0001] The present invention relates generally to
sem conduct or manufacturing and, nore particularly, to
nmet hods of and apparatus for accessing a process
chanber, wherein the access may be optical access
. through an optical access wi ndow, and protection of
the optical access wi ndow from damage due to
nd{ ti gns iginating in,the process c er is
Meihads of dndSopanafh Eor ALessig A ProcassClamber
Usiry ArDarabZoge %l'::geuordwmlf IRapatovedr©Optieal]Access
acuum processi ng chanbers have been used for etching
materials from substrat @y Isvestdror deposition of
mat er i al S/ Bopas LeakiHd.Shihsesy bl FalrBgeh$iMgh been
sem conductor wafers, for exanple. U S Patent
6,230,651 to Ni et al.BagxeERioMnD 15, 2001 (assigned
to Lam Research Corporation, the assignee of the
1. Fielgr esent application) is incorporated herein by
. QL] . .
10001) 760 BREREE Ahbh RIS LER-AD & BnRonadlioP Bbutldfluthe and, more
particuletimstbenethodpebHandiepracates fortagceaningrat pocens chhmbhe wherein the access
sy eS8 RRIR Gl FLGH P00 B0 BBl sces
windowdiramed anageuhettb abeditione biigihatias id thegtdiadn chdmbetrgh fAdildtated by an
) t of theﬁgi el ectric chanber w ndow was said to
1mpr°"€‘£é‘(ﬁ'5“ﬁffﬁi°f’ AR P‘&’N’h@“ HYeF ¥eposi tion, for exanpl e,
thus inproving the access to such processing chanbers.
03] However, as industry standards increased,

[ 00
2. Desqription pf theReJaleArs were required to provide even

[0002] WRLEGh REe6&SMe! Shathbichs BERS BS NEEICR2 HIGiRg fifErials from substrates.
exanpl e, there was a need to nonitor the processes in

and fort depositinmpef eategals pnfe gubstiatesc hAhe subgratess Bayq been semiconductor
wafers, 380k lGe ! @I.@?ﬁ?ealg t6,f2@b,(9§'§0 FHRPLY ssHbE R/I{?)Pﬁ t < :1 [ﬂ?sg%%ed to Lam

optical signa may i ndicate a process co _
Researdhn Cofrorptiaceths ashpmberof thn prpesmit egpplicatian)risdincorpmsated herein by
. ' |_a Lure ended. Q ] :
referendil SR RRa0R arBSGIME o 31, QA0 Hict B SHarbbE: indow at 2 top of 2
processofy cloamhbexperdravids dcsessanfanginteecbrwiftthe pretassinghthamber, for etching
unobst r uct li.ne pof . sight, . thus "clear"_ i used to
and oth RRRE4sSE G el enotcd sBlrinids, M axfrop. T dati liahSter substrates,
center gmwiRjeetion wtheughhtte goetof thet dielebiritpeidmbiece wkslow was said to ensure
en. to t hechanber, because

wnifornf FeRing a1l ARG it 49 S by s QRPN B HASGRER PUY Processing
chambers.

[0003] Howevér, as industry standards increased, further improvements were required to
provide even better access to such processing chambers. For example, there was a need to
monitor the processes in the chambers, which requires chamber access in addition to access
for gas supply. When monitoring an optical signal that may indicate a process condition in
the process chamber, an opening, referred to as a clear optical aperture, extended through the
dielectric chamber window. Such opening, or clear optical aperture, is configured with a
straight unobstructed line of sight, thus “clear” is uséd to describe the optical aperture.

Difficulties arose, however, when the clear optical aperture was physically open to the



relates to a threshold electric field strength
required to initiate a plasma, which threshold
w@eoosngiie i s based on gas pressure in and t he POUHDS1007/013831
of a bore of the clear optical aperture that is used
to supply the gas to the chanber. The Second Pri or
Application described those two factors of plasna
formation in the gas supply bore. Attenpts are
generally nmade to reduce this diameter of the gas
supply bore, because the gas pressure tends to be
chambeRS6dchhi&d pR¥nA" AGH B rrh SAUinE STBAT (Zpt g@ﬁ&fealslu}éh [;ﬁgsma formation
not be varied for” suppressing plasma P rmation
relatesgoc ribrephold relagipic i field istiengthssquinedy e initiate aipdasmodyewkich threshold
t S
strengits Bdatd B s Mol oy BUTRY BiasBBr 8} 5 005 i ¥ ook pfcal aperure
that is ax@@dagssumxﬂy thesgasupphy chamdri dFis) S¢doad I’Rt[d.rlA);I);ﬂxdaaen descrxbed those
t s ntlic ui rements, That jis, for th
two £aB{GS B a0 Fomidrehhn B TRPGbYBr - drsdine il Egferally made to

reducetthfs dmmetealof sheggml subpBt borodhecaliRstha ghé PFRBre GOMUEI thiRMpecified by
need to_increase

proces§ ﬁ%qud'ie ng())lgtggy é%e X g(}gr sHpnressing plasma formation. The

Second Ptiof @lppﬁbﬁidrﬂél@o taught €68 WHeR thér8 i hRN1iHeN8r SRlIGALous, use of the
access for interferonetric or spectroscopic

ce
clear ¢pfigs f\PcPFrtBW &Fe-c MfpEmubarrasslye §or bpth @ptipelt apcess andcpas supply
functich@$p i I%ﬁm Eoﬁfe mﬁfé@&ntg%ﬁﬁ?&tinﬁe%ﬁuﬂ% LS STthaEkélaf]pr the aspect of

) n1n|nun1va was def | as a out one-
facﬂltaiﬂﬁsHnorfltﬂrlrm@ﬁﬁ}a@nosm of the anticad signabthat butidatesch pocess condition in

the prdBef BRUMEHATREESs 5'?1@%d h n{c‘??&ﬂs ifid dia?nqul‘ag% thePl Ops%rpp ly bore of the

access to the optica nd was referr
clear epticabepsrivrePrFar exppplec anl provaking haptital nicoess firaimérdérometric or

oo oo BF EighyGPRHLALE, of HSE: o HEyoBE AE e pore s
generagasbeanjﬂbgs thapeacﬂmmfnuhhealﬁﬁ Whi&lhewasseeﬁﬂi‘ﬁ & iﬂﬁtﬁn dnBER inch, for
ativel ﬁnalj iameter. (sigpificantly. |l ess
examp{ep TRy ity i 3P ctopd o oL B BB bR e Hpat focgtired to enable
proper @aptdss ab tk&qu’tida[ sighilahnd wapkéegedasid Metdt@okd RRBL Applifition as the
avoi di n fornatlon in the gas supply bore, F
“mining{ digsBSte p He i pBTical Aperuiony Fdaar i RaarAlgSts  the Second Prior

Applichtééni Iridicaitd thAefoyihd F@.J ﬁlpﬁ%ﬁaspé& Sithé BRlIACGRE Thdtk IR need for a

. qust l’oe used tg sea cl ear optical aperture so as
relatively smgfl figmgter (vae@emtbm% thagrQg dnal) 9§ thmaﬁasmplsahwe of the clear

optlcaltdfoét'tuﬁé"ﬁlapgﬁﬁrﬂféls g%g G658e Vhie %i’ ?{l’ot o‘§id1?1 rl C??ﬁxr%ttlgﬁ in the gas

| ocati on at which the strengt hee
supply jbore, fgs exgroplgt | This adelyeid. als@umkilqmﬂntﬁaamg: ﬁaashtat@ the smddple use, an

optical d&@@&ewir[?iotxhﬁuﬂpue GRbd ‘% @gﬁ"\ﬁle clgar’ %}Jt{ | ca cAAMBIE, | intain a

from plasma formation aper%h?
vacuum nathermeg@emgwham calndrthatythe Bptwal mbetsnavmdywcshealﬁebe mounted at

i enosi tjon, o
a locatlgﬂeatt g\glﬂ:tggfe accgggbf]&% Qctla c].gieg és?tg tézﬁ Lieduged. ﬁléc% mounting
was to 8xhuga dlaRrage to Ao bpiiad mondownde gate dedubatdatriagé @rdns pl3tna formation

v v g8, TP Pyt A S R Bl 5 St
contamirutionead p‘rOﬂho&: «Sdmbitlodlcﬁﬁ@tl%f ogRal ME@& Wikie, TR, the analysis in

S als m | engt h of such gas su
e SechiBrlol A i ip it Bers Beomin ensniprine drsagerof the g

supply ded of Rt RradptRAl apshndaMadecH & thoRiict GAth the need for a small

diameter gas supply bore, but that there is also a minimum length of such gas supply bores of




access wi ndow that facilitates the nmultiple use.
[0004] In the Second Prior Application this m ninmum
waele@swiane of the cl ear optical aperture was coOPQERUSIHN0T/@13831
gas bore passages provided in shielded gas inlets
descri bed, for exanple, in U S Patent 6,500,299,
i ssued 12/31/02 to Mett, et al. Although nmultiple ones
of such passages are provi ded, the passages are
provided only for supplying gas to a process chanber.
For such purpose the gas is supplied through grains of
the cledi ep@cal rapertomt Aedesdasy $oI6dHuBS SEEH BB tESin A4 éqlae?ama[ge to the optical

t t ed
access RBIOE Rosteciitaten BE madtilo sy ovi de a cf bar -
[0004] LInCtbstSeUGﬁ@@rﬂot %p@{f:at%rgtms Sininfurh Qﬁ‘éihét% OI“ %e ?lo 5 81?t|ical aperture

%f%iio transni ssion. Such passages are
was °°§Uﬂ foe83sdhorp PassagFsRForided in Sblleldﬁdlgaaanle&;sddsaﬁbdm €or example, in

U.S. Pawai, 500,299t r C t r,0S bservation

of chanboér pr%%:tteegsgggwl\(/jb?rteo%eﬁp Al %‘qﬁ}ﬂ’l"gg {tlﬂi ones of such
passagesarg ﬂaopﬂ?@rth%peﬁsag@tam pravided ¢rﬂy mwmppw RABAHBEess chamber.
For sud pp e Hh06E s RabR iRl itk fﬁﬁ@?le%tgwdﬁééﬁﬁ% SHCh A ceramics

e side vva
and thff HRESSPIBES are dafne@éxyemtercamwlctédupwie§Idf&hb)’po?é@d %Gxtalrﬂl@eihat do not

I ha f
ool SRR 08 e S [ATeCRE T 7
passagagalate ghug heotpswicatds fohapieeiding 004 oEH@alaQE’cl:e'S§ afb'isth%f exemplary

oI esent | icati on have determ ned
mterfergglg ig ?g/sq,eg ?q%gl slgrv&tlog ég ghaIRbRr mgqq;scpaq d%emdr it was noted in
the Sechry Bridr Appsieatict thwhioGholdt&uEl ﬁ%g%& t\ge%% APl ametal cup and

to mseAﬂF icatigns were directed, and use o
T Hier B sidr palied 4 Woé@ﬁ&hﬁmbn&aedthbetﬂ i tlgiaMett et al. Patent,

would SndiRirdblyf SUHjOQrthi RGN B gtrl%‘%?aslfn%q“' {q%g?ﬁ?g?tger 0¥l 98 ample, and

even better access to essing C

introducg PraPleatrcipssaling theupgalouprtd thptviall alf trcmesssstdnaaibel a
[0005] TheaspsRiahkalora RS taﬂ«[-:% a?ﬁpI}cOng e & agﬁtgrgiﬂg S{lpg{,gz:s industry

conponents. For ex
requiremeyyp or standars faad uﬁcucasfed behierid thoee @MGWER:hsthE IFatst Wod!S8cond Prior

Applicall | t fltsofteallceramc singl e piece
PP 1calﬁ§19§ég\?eger: (gfe Feh“:c‘f’]ea ecoeH(? né’r 8rusg\pc&‘ Fucht H%ﬁc?mtqs‘r peficgldd ceramic
materialgq for gps eUIHﬁE,eﬁsth'(::r lmprovsmﬁhlﬂstaaﬁ eﬂ&§ p?H?HL: ¥vBfBetter access to
ess 0 rocess cha o have
such Pr&ﬁ%gélégb%%g?%e{s }% TIHB‘EF?’“?CHE 45| Sf%’ﬁlbh @nfé @@@P@e@@pstbrmough a clear

optical a{p@)tureaaud Ito dg sb Iaelesm@sﬂf&f cdntbd@ndsaltot & of
but al | ov(\fnﬁ)g use of %lﬁﬁq t¥Bresent applicants

have 1deci1%tfaeﬁ] adrxge Pugt'yﬁf gﬁpll'ogp@en@rthgtz)vop@qmqvldegﬂmHmnefits of the all-

ceramic s’npglet miecd ﬁlj&ﬁoﬁéﬁﬁﬁ‘ké@bﬁ@ PRt
zi rconi ym oxi de, yttria- S 0§ 1(?dzje t ?‘{:‘g'ﬁé gmlhple access

(ie., Sm}lﬂ%pﬁgﬁ §a%§1,1p£}g@ng|q®qqcﬁlumcgsa) de, a procy$st chambem)( bk to have those
benefits d\eﬂmﬁt RO WIRE cAEFRT SHGRE
ceramic AL &L I s f r omthe eff e(l:t S g)% 1%1 Ocelrge% @nﬁe fegpicated from
ramic Pga,}eraaé,p owgngqu}ﬁa@f q«pgalu@pustpnalswhqnampr@r%e @t (2)requiring the
injector &pbé @@heé%ﬂ@l‘?%ﬁ‘ér@ﬁ? e Lo the 1iyecta
Squ I ng TG SSLICAbaley Wl Bicpmil Bl irpsiabilized
21rcon1a,f fl'&zﬁn@ ¥-sprayed salugtimurh eoxide,ndovyttrbar ooxldel adpgsitdd ohNfhe access
| ile facilitatin
aperture S’E%%ea?éir%ﬁgcs%ﬁétﬁgg@%Wp %e citects of Ihe process plasgma or (3) depositing
damaging deposits of particles on an opt1ca1 access window leading into the injector, or @@

requiring long spacing of an optical access window from the process chamber window to



i nproved injector. [0006] In view of the foregoing,
the need for nethods of and apparatus for providing
WO e00Bl0&3146 nprovenent s i n accessi ng processi ng PCEHOIR®NF013831
i ncl udes ways to provide inproved nmultiple access
(e.g., sinultaneous gas supply and optical access
through a clear optical aperture) to a process
chanber. This need al so i ngl udes providing such
i nproved access when the access is for dual zone gas
supply, and when the optical access is subject to the
avoid dzmﬁgel totth® gptiea] UadcesERinkioR, afl Wlﬁi@fabﬂﬁét}i}é gécgﬁetm: QHMgGS in an
aneter of the clear opt|cal aperture
"np““@ﬂﬂWE%V“access) and of a relatively small dlaneter of
0006] AnGasw ATTtRe FRE
[ ]av0| d plasma f%(?ﬁ%t t?‘g ﬁ:‘&lla% f%&g&tglggg E?S‘?‘E‘? E%arat%is g%ﬁ B’i%wdmg further

impr °VﬁF€§@ﬂPe9&°e%Sﬁ@pmp§smhambsmihcmdey miys 1Y pfchﬁdie improved multiple
and how

res essin S,
P (O B B PP R, P Rl B BT AP 3 et PP pgprure) to o
processdﬁ;}g@pnbmn d hgsmesllﬁbqﬂ mpludmfd pmv?ﬁng bactoipiproatd t@é‘&:@éSﬁrthhﬁ tlie access is
e _conflictin ui rements, W thou
for du§lh %§& Sl%é}jgy %ﬁél gé?%t ﬁI“S ngpm%ﬁ n‘??g?iﬁ [Debbiechigathey contlicting

requiregigetik Ofigy relatiodly niarges ntihirhiif PaRREH of ANERIdaR Mo ﬁticlai aperture (for
s of and apparatus f P

eds by .provi qd
°p“m“Hq ?&P%g"e&s)p%‘& AT g%Y%B’ ?mglﬁﬂ’éﬂatﬁ fifegaschase gom supply to the
Chambfw mgl, { aneid pmmaSﬂmlaMom Wi Ohe B&s BERCEPHe g r@%%ed then, is
how to° Cg . g C access through an opti cal cess
*’ﬁi R'R ‘fﬁ cihet ImRysEientsaiHdacsRasig pronessing tchambers, and how to

providel RechOphproatd A66RS n
p nj{llyur? fﬂllg\rqﬁc{cﬁsg% ?gg‘eaggl g n%z?s supply, and when the

conditjions ori
optical (ageess; ’(saP'éhdeCtT%’eg@ @h@tﬁjlcﬁ@ﬂmgngl lequiréreeatbpvdthoae dse fpur above
considepdtaks di Nng the benefits of the all-ceramc, single

pi ece injector of the Second Prior Application t hat

provided nultiple access (i. e. simultaneous gas

supply and cl ear optical,access through one clear

optical aperture) to a d$ YRR hanber, and by

[0007] Beexdlydspakidpoemvbanfdits 8 el H0ddhnt Ml%n{l(% ?’@lofh?& needs by providing

h dco siderations, all while facilitating geone
methods, aarﬂdaﬁggargqus aﬁqr,q@ggﬁugdmmp@@smhanmﬁp%eﬁlﬂnaﬂe rmeodss may be

s1mu1ta1ﬁ¥fou§ l@ﬁs BOSSIE Rhtol tﬂ ngmdegsnc ek gﬁh Lele <ar 3 ﬁaag ‘J“E:Sg fnrough an optical

for process cha contigure
access gé@@g\é 1mq1&mpmqemchgmbgt,lmﬂl mn&eSSprb&cﬁﬁﬂ off €H® bpfcal access
r eye, my be co red
wmdowpf(;rregxegirfn?%@@g@ atopcg)tn;i tF o ot a% H’(g {;er ﬂé%fﬁ V\fa%{pber is facilitated.
These egbedimentTfidl @lsréévonaylebds by)pf‘dv@cﬂihgdhwbélhbﬁiﬁl o GE&aR- c@fa%ﬂc single
transmtti ng_ an Optl cal

|
piece ufg%tgg SQI;V: the ?éci?égls E E%gséﬁg 1gatigng Itlbq{ aPrqvidedyimultiple jagcess (i
simultareNR)gas A;ugplgyt amd elepr PticAINAdcgds” Belol gl oh& %%9'%?102111 apdifire) to a

tun1 eln further confl gured to
process dfAher, A8 3R bk dfess oo RisowaboRae foraasin: ponsdasations, all

while facititaBE gepeieitc 8vankaeh ofhn throdtd ifaghr. t WO

[0008] Embodiments of the present invention may include a gas injector for a process
chamber configured with an optical access window allowing optical access to and from the
process chamber. A sleeve may be configured with a bore defining a path for gas and for the
optical access. The bore may be configured with an access area for flowing process gas and
transmitting an optical access signal having a desired signal-to-noise ratio (SNR). A septum

may be configured for reception in the bore, the septum being further configured to divide the



separate access apertures may be configured to
cooperate with the other access aperture to flow the
wEe@sesd4gas and to transmt the optical accesBCEHUSVAT/013831

having the desired SNR through the optical access

wi ndow. [0009] Enbodi nents of the present invention

may al so include a gas injector for sinultaneously

transmitting an optical signal along an optical path

froma process chamber through an optical access

wi ndow to a di agnostic end point outside the process
accessghaamﬁ theabateiinjoeat leag tavof Seb&ﬁatepﬁ&{égss Spifed. nEQCﬁ BEthe at least two
separa cessaceaﬁ?_rrber The ector may include
oUSI Tt ?ngaéfobet é‘%’é‘i’ ¥ FoRpepRte ceidk t@fagthet laecess aperture to

flow tﬂmqnmcasng eiang td tahdiBi tiseOsYtl d

the ont rounoﬁa na he opti C;| pgtcﬁpéa%gsyn\%%’h?]%agm%tﬂ)ydggr%dﬁm through
eoméctf‘iég“seswwh‘g‘%ﬂ»’ -adj acent to the diagnostic end p0| nt A

[0009] EABYEERYs S Ghd EpeQRH: | EWeﬁHori Ofha regﬁﬁt 'ui?cﬁ‘éc'ieo A Sas injector for

hol | ow body to define a bore Surroun
mmultwwlaﬁgawmmgmnegpmﬂ kiganl aphg cal oﬁm&BﬁSthaﬁ’r@iﬂ 4 Qfocess chamber

througl® hHWptRAE § Swidlo #o J‘gl ! he Legq%g%?ip %ﬁtsfggé’é% gr%?ssd?hamber and

process C er an

inj ectmﬂﬁ ﬁcqﬂpr@qegmgas fnta)metﬂnecq@xﬂ th&ﬁﬁerc hamga& ihjeEeH Qﬁaytﬂ?@lude a housing
my have a

conﬁg?-@&'t? Fhcd§E GRS R{Vgsc[ggﬁ?é\%ls,-r 3 ﬁéllgg in g?rg@)conﬁgg@gtwwh a hollow

a mnimu

body swarguiding shé iopticatchakipnd @ﬁ&ﬂiti'ngrthé ra)tpht?ﬁ &%éSAO%If‘dowaﬁéjacent to the
dlagnomerpae c%nf i,g U(egd to dIlVI i cal access are
it OGP Vo imay Al gf CQP@%(Fd dpreracgpiéen 1rEstmhhqifow body to

define ahmrershrm&hdlﬁggﬂhabp@iﬁﬁlr Mheﬁld”&%f&%r&f)(lfﬂhg% %tléeﬂ écc%ss area for
simult pti.cal signal apertures collectively tra

apﬁ?‘bsg’@ RIS B Rgresssgas sutanthsdncess echapthec ahd doc eliswing optical
access 5}' gnabtida \sighd] ﬁ’orﬂ ﬁ@%?oé&?cﬂn%ﬂﬁ?o%lg\ﬁthé r:tai1 agcess window. The

odi nents of the present i1 nvention rray
optical F}%‘Ph gy have ah depst @rmmpmumamgwaesrmlseorapbqsm exaRbiim may be

configu@&d Hr reBehtidh 1?1 S %%I? ﬁlﬁrn S hg g na[yt l&e;r 0 erbfl:%rg% ip gtsgqlql: g]%l gpcilecal access

an operation of
area intg e plisalgyitaf QP@FPM ggndchpbﬁumar Bachas tAd BptiéASHal a res may be

m,t he ocess chanber to an anal ysis
conﬁgU% d:mﬁaﬁ'1 Eo%ey g‘g"alr?pF 8r‘f§@e‘it6’e@h€a‘§"@ﬁ thropgly Fh@gomlcal access
WlndOWd@Q meqalsacgmlsagnal havisg at lehitehd SNPMUPENK, 0CESS

th configuration nay provide

defi ned
[0010] c)/d%n% ts t ei glée;gsgnt ﬁgeﬁgo%éxb@m Garthgr inc ni trngthgd for optical

ear op |ca

access tthr(tb@ss eeehtSNRctiltilg IS ahpideRNORHHL:OF 'ﬁlgelﬂét‘ﬂgh )‘?]19 include an
o eratlo%cgyratgel i ndi.cate the process anal ysis 4
p gF 8“%n%|‘ﬁ’d@%r$a6 ﬁgfianttﬁql @ecass itagh regnfigeredniot earyy gas and
transmltgals apitidab pighgla froae ¢RS prov r
renem de@gatz Igg anrd b ?g I gé;' é:gés%ggatg?%ﬁr%a'l){) %ol ] that gperates in
| p ep gﬁ,ﬁ;&g ﬁqfxrpﬁ@lggthcygmge ra;tm (SN]h)afqilptochsm @nalysis. The
defined pathfdogbigetibh %ﬁ%bﬁfe%l&?%ﬁ;{lﬁl %%ﬁésg 3}15 L cap%{ﬁogfrales’%lttmg the

d d rtures coll ectivel esire
esire gﬁ% that isshigh snowghafes the tasd to ecaunatelyoinbicats the process analysis. The
method ﬁﬁﬂ}tdliBJinEHldE%n Ydt b b SR AGGeS S LO Lt

| 't be obvi c?% gﬁoc%/\f:eh@‘él(ramgtathe gﬁgagrkga} qntic lnaé;cess path into
a plurahg)f pf sqpqaqte aabend ma’nt&l astessupeprues detween the process chamber and the
analysis tool. The dividing configures the separate apertures so that the apertures collectively
maintain the desired SNR of the optical signal transmitted to the tool while continuing to

provide the clear optical access.



i nvention may be practiced wthout sone or all of

these specific details. In other instances, well known
w@e@smesd4®per ati ons have not been descri bed i nPCBEUS1007/013831

in order not to obscure the present invention. Brief

Description of the Drawi ngs [0012] The enbodi nents of

the present invention will be readily understood by

reference to the follow nggdetail ed description in

conjunction with the acconpanyi ng draw ngs in which

i ke reference nuneral s designate |ike structural

[001 1]€Tt &R HeSobvabeh; WBRESEN o bRO 43l ed krﬁhe]ari, sc?@tt eﬁ‘lgttbgig%gétﬁ tof the present

) vi ew of an e[rbodl_rrenf of an apparatus o

mvention\fapy Pempragicesnyvithqyr some cesdl eofothaspspecifics dethdstbén pther instances,
11 khé\on REEESS ' b Lﬁg .0 ect.or havin n

e npr %\_/ed ngﬁagﬂ?%?ﬁénﬂl&[a%gﬁ ¥fﬁ%\d lg,&% :Easlpgl erdgy, 08t " obsoure the

presengnyertiesect i onal vi ew of an enbodi ment of a chanber

wi ndow having a port into which an injector of
enbodi nents of the present invention is inserted,

i11ustrating aBHefDbscliptih 80tHhe DYavipgkect i ng an

access region froman eléctric field and™a housing
[0012] heeepedimentshef iginsesgntinvantion svill hereadityoundbrstgod bg reference to
the folldWRh ! dels Bk 6 ACLESS - LG 2B IS a. oo :
. it osgtﬁggaé{giao&négﬁé fcglwﬁlo(fs I{ecqgﬁg%% S pecsmmaRing dapdres in which
like refgrange wugieoals desigitGlike stroctvah elementsnen@ FhaRihn FI G 2A

S i a er sectipn of ,a . nultiple, gas and optical . )
00131BRITB 5838 S b I BBk oF o e o 5P ot
for mublipds seceectd Dpedcess ehamtifer Ahe acdeas bemBfadlfitatetPby Bh $GEQDr having an

f illustrating a two-piece injector

. of, FI 2A

1mprovggﬁp?§%?rgﬁpg,n conpr i _si ng the hous! ng arid a sl eeve

[0014] REGeR e alsidd drosdigdesibnal, view &f ah MbdRiRe S atRahBefwiRtbw having
sl eeve to provide inproved optical access to

In the (
a port I{IH)eWEIrCB(’aélslgje&F%r?é embo[imn;zi: of:qhgg)_res:ygt myenBan isrigserted, illustrating a
shield iathe pot g6 ?Rﬁ‘@étin‘é‘ R c&s égﬁnmqgﬁﬁléﬁ Eﬁlfdé%dgaAhousing received

. injector of FIG "3A taken

in the sh $¢ first partgseviding the impravied amultiplei ava¢ssaccess ar ea

0015] ®IGt P8 iSh eRWE <EE i.n.cross sectiqgn gl ear. .

[ ]opt i cal aqcesgss gatéogiaaﬁlgg‘ ?ﬁg eg’)? ogmsl,%nﬁtog%‘e( %laﬁ’cb%@j‘f‘dow shown in

FIG. 24 tgken| opsling 2Ba?Rrig fIGe r’s shewity arabssvdcerio®fofthéultiple, gas and
tical ept shown in FIGs. 3A and 3C,

ophica %‘%ﬁ%%%@?rﬁ%e ﬁ%@%répt um di viding the clear optical

[0016] HiGeS4 & eacross-sectivpaipliamy of \wa ¢rdbddifleat IEGRS Sgﬁ@ﬁ)r%\deIG. 2A,
B are

: ' i gnal ertures; [0018]. FI Gs. 5A and
1llustratgrfédir1] %3{)- \?\%c%tlglggﬁe i) rF‘P cw%mpg the @usgg}g and a sleeve received in
the housiniguand stidwing exepRlim fecetridf ihghé Setans REnRO i dptical

in FIG 4;[0019] FIG 6 is a crolgfgysecti onal phcal access

to the pls hcovm amber: . . A
{163 BP™Por tion of the two-piece injector of FIG
[0017) BEGs. 3B and 3C are cross-sectional views of the embodiment of the injector of FIG.

3A taken on line 3A/B in FIG. 3A showing in cross section a clear optical access area of the
sleeve (FIG. 3B) and in cross section clear optical access areas defined by a septum (FIG.
30);

FIG. 4 is an enlarged cross-sectional view of the sleeve and septum shown in FIGs. 3A and
3C, illustrating the septum dividing the clear optical access area into exemplary two multiple
access gas and optical signal apertures;

[0018] FIGs. 5A and 5B are plan views taken along line 5A/B in FIG. 4, illustrating

exemplary configurations of the septum shown in FIG. 4;



illustrating an enl arged portion of the one end of the
housi ng and the correspondi ng end of the sl eeve,

WG b@sisg4@ U- shaped enbodi ment of an interf aceP@RUSOTI013831
one end of the housing and a correspondi ng end of the
sl eeve for mnimzing particle generation in the
injector; [0020] FIG 7A is an enl arged
cross-sectional viewillustyating an upper end of the
housi ng and a correspondi ng end of the sleeve, show ng
a flexure nmounted on the sl eeve between the sl eeve and

[0019]aw1@p6I il crwsﬁlgléwohh?(efw 8f be%rH&P%h tplécgl igjectpg of FIG. 3A,

housi ng; [0021] is a view S|m

l“ustr%tmg@élt%%rgﬁ@ P?lﬁ@nquéh‘tm@e el ioff thel Imnsmg and liteec@readponding end of the
1 Cﬂmﬁ B e. ed flexu

s eeveur g r%gg t%ﬁg Sgt Cfﬂg'\?;}% ?]f 1 nge:erV i\’vﬁ?’{ oxeehgncF of the housing and

a corrqsm@rmae@d Qf @evséecﬁfg rfommmlmmng] gamld gaxﬂefat@ariﬁ tiad inpdtidrd
di agr am of a flow

(00201 F¥%s. 7 R SRRERNaneT v MuSptisacin UpRRFe efethe housing
and a c[c@t}ezﬁc}ncﬁh? end as$ nmcslsem dh@dmgrat ﬂ@ftﬁcfa %‘ﬁﬁp&? ﬂﬁméev%fbeMeen the
nt.i_an one apparent fromthe follow ng
sleeve égi? “8‘3%‘8??%4"8? to thaupper and ghiheousHE: with t he
[0021]aRICb rman;ya Rievel 68, FIC. 7S titddt 29 ke Wufé‘ AR 6 the sleeve
dco 8% |gwugles of enbodi nent's of the pr esent
an P}W q Betinfipwe ﬁ[?e%‘i’:fflplf?ﬁeérﬂ?m@m}gmg thtyether end of the sleeve
against 1@t B ﬂ@éiférfbpiﬂlﬁ%lzfﬂ G di tﬂg grgeézt ﬁ
jﬁt forth in order to gﬁé e A or oug aﬁ& ng
[0022] HIG, g% aidingsas obp flavec ofm meﬂmdsmlbmhmeht ofithk lprdsent invention.
[0023) AP BaF ﬁﬂects%\ﬁea\ﬁ%ﬁmtﬁ%& @P&nﬁ&hHeggs dotn th% ngﬁarxﬁxé)af?g?]gpecgme apparent

tgr esent 1 nvention rac
from the follexdng pdatailadc ddstra:rtiost, thkenotih econjmﬁttmac @sith We¢ laccompanying

d 410 ons haye not .been rlbed in
e R DR PR ot PRMBRECHR P9 GcRmoPApaRRS G tne present
inventip®025] Enbodi ments of an invention are described

including a gas injector for a process chanber
configured with an optical access w ndow al | ow ng

optical access to amef:fifsll DRSeRPABGSS chamber. A
ve may be configured wth a bore defining a path

[0024] ]Ilb fhejggloglmg descriptien,opimerats speciERsdetdilzeard e6tefof)in Q@der to provide
process

a thoroﬁggfdrgfé'fﬁqut{‘fgé %f%gg&ﬁ%ggl g?ltfeigesfgptgvﬁ%g HaR HgWall o apparent,

transm ng an op
howevegetoi anecskligghial the artnh)atSthe pedser®t i vdiRlon ey BO HEIBLBY B@ﬁout some or
g

£ r tJOﬂ in the bore, the septum bein
ol of tEaEphE dealls TnaRBG ndiiopdte Wl et rscaneotianidiave ot been

descrlbd:rbmsderml n catdei mastb ob¥éurs eRiraicat afef§sn apertures. Each
e at ast.two separate access apertures may be

[0025] g’&“n PrERTEY QE&%BB’BEP%‘E &'idetPrivRe ipelvdmeas cas singgtart for @ process
chambet @oﬁﬁ@ﬂeﬂ hﬁltlp bR @PSiSalRTedNWiddew! SRR Sitkto rﬂtﬁg]h Q%Eé:?cl and from the

S Si havi ng the desired SNR
process 8@?’?‘@ %ﬂe@gg RGOS withe kiws dﬁﬁm@a aepdsh domgastand for the
optical #y¢sd. Ul‘hé'l Bbrel M&Y BE RoAfi PR 91 200k G RBF ?l%%vsx’né Srocess gas and
transmitting an optical access signal having a desired signal-to-noise ratio (SNR). A septum
may be configured for reception in the bore, the septum being further configured to divide the
access area of the bore into at least two separate access apertures. Each of the at least two
separate access apertures may be configured to cooperate with the other access aperture to
flow the process gas and to transmit the optical access signal having the desired SNR through

the optical access window.



process events occurring in a process chanber. The
met hod may i nclude an operation of defining a unitary
w@amsasd4opt i cal access path configured to carP@I/gsm07/013831

and transmt an optical signal fromthe process

chanber to an analysis tool that operates in response

to the signal having a desired signal-to-noise ratio

(SNR) for process anal ysis.g The defined path-

configuration may be capable of transmtting the

desired SNR that is high enough for the tool to
[0026]aPl%”cféE<§'k%d' %bS@frﬁen@q%ﬂ PG f’ﬁgmﬁsé %hg f1Bt ?pg’rcﬁl access to

may al so i nclude an operation of |V|d|ng
procesy gyenfs Pegprringain aqeessss ghambemt Tha méthod mayy um‘lude an operation of

definirP GRS A28 DBLER IS ROF ESTAREL |0 SHhe 88 SHciftpgpmit an optica
signal diomd it peesthehamipartatan apdydisicRs thaet Gpeadtes M response to the signal

rovigSRSBHTES SR EENE ) Tl oo el e ned pan
conﬁgmtlbn mayri@ diapabreoaﬂ tet@sinlteing ileadesHRHISNR 118 GeRTh e[ngggﬂ ¥or the tool
a schematic view of an enbodi nent” of

to acolygEly Indigs ghd praares Rl T BeiHGmPB Al Bistilengn operation of
d1v1d1nlglﬂhbllﬁilt%rﬁg§§§§d loptidal RIcOER Stk Ii‘ﬁ"cﬁt%efélalr?cﬁ’t? mgﬁl%aen gas a and optical

facilitate an i njector configur

access pﬁg?:tg\q% eimﬂepltlbq Brogass qhqp‘g@( apd tlm]ajlad;ys&noobpﬂ‘ he dividing configures
the se@@@t@sﬁ)e?ﬁbr&r &F et tRE gg&hés%emyhaﬁ{%n RS ldégltreecg SNR of the

access i s through an cess reglon I'S prot
opticalfsigngl FAnwniged to eftpel whije centituad wdjraeidathé clear vptivabaecess.
00271 &1 e e X n,m oW access to
[ ]a gter% condué tgocpe r(lﬂ]g' gﬁ: ur |aﬁlgg’[6’$881é‘§éétﬂfl aratug %ﬁ of the present
inventiex afnppmwd‘lhg matléipter aavefs &l al proceappharfiber] QuéthBedekd ERMIStated by an
aceni to the access r.egion thrqugh which
injectof (TR 4r25Bhlrateub SFpRUEH SRt s weeih podplsauiaptioal access

by progese mphlgrst)s egﬂSmeiHuwhérﬁﬁoal@d TeeCad¥tesd Eeth%t%leéﬁ access region that is

I d
prover Bl SRR ST L0 S N0 L e The wcnes

region atwgwslldvecegpas at b@nﬁ@ndd&%r‘%ﬁﬂ&a@tuﬁﬂ%?ﬂ%&% SR For example.
The lchan&e 42 haV|ng)a substrate hol der providing &
eleglrig ‘8 1L PRRYFAnEP thsrRiecess ¢hasbss tadipcentd® theagccess region through

which the Qﬁﬂﬁﬁ@%cb&sﬁ@ﬁi&@d@%f‘ e s%'il%@ééﬁlk' k&g%ﬁgeé&t fn?&%bn and use of

for exanple. Such substrate nay,
the prcg:gﬁﬁ CPplysist and iagasprengant aigotsh ecco}yémg thaimbicglinpemts es elgk  present

inventib) MKing a device or conponent. The top of the
chanber 42 may be provided with a chanber w ndow, such

[0028] HIGql ghewsdhe appariiug @@, indigding poatwbh precessiopehamber 42 having a
substraf a4 bx%v&ch W ndove c?ar{q?]nelg g{ﬂ%’ﬁﬁ&a s&strgtsé% fggt fsyprocessed in

access to the in erlor
semlcoxghxctqrj suinofachitingf operatidasyefor sexatngidie sm&s &lbstrate may, e.g., be a

t 0 G IS a cross-sectional view of
semlcoﬁ(ﬂx\é?& \klgfé magr Qrg(}%il?rh asg; tﬁa 1§ Drecesss 11@&51 ing,at JEvii¢f0r component.
The togoof thdsghamtbdrum mangl mpmvmrdt wRBG CiinRPEy %W Guéh as a dielectric
wmdow, A89 plogrﬁ)t 18 shg\rz]vn parogl(()ieé n t %t \!VSI%O\S’V%S to permit the multiple access to

the interior of the chamber 42, such as by an injector 51 of embodiments of the present

invention.

[0029] FIG. 2A is a cross-sectional view of an embodiment of the window 48 configured
with the port 50, illustrating a port section S0E having a large diameter and a port section 508
having a smaller diameter. FIG. 2A also illustrates a shield 52 in the section SOE of the port



having a smaller dianmeter. FIG 2A also illustrates a
shield 52 in the section 50E of the portfor protecting
w@rooaoeass region 53 froman electric field. Spemes007/013831

vertical dot-dot-dash |lines define an exenplary
cylindrical access region 53. The access regi on nmay
thus be a threedi nensional volunme wthin an exenplary
hol | ow cyl i nder defined by jhose lines. In the

enbodi ment of the access region 53 shown in FIG 2A
the access region 53 extends into the mﬁndom148 and

o 3§k, A BASY rGRHE 5B 15 e o, R} ATBA oot s tines
defineAppexaaplanncyiviirizal hasd egdion 580I'TIRY ataes b@gmxefn@rwﬂme.be a three-

X FI G, 2A al so.shows the |{njector 5 odi_nent
dimengfong] h%éﬁfrﬁ’s'é’h i) A0 SHEMBIFE R Miogl Belindse %'}gwgq?bg oS lines. In the
emboddhRABS Lihe @XEEs rOfiofi OBt heWnl ATV 04, ithe AdtRsS$RBId PSS eRfends into the
and a small di aneter exterior section received in the

windowet§ padh ha® & nertiem gosstensise witlpthgdprae| diametey sgegsion SOE, as described
in the grjgﬂﬂﬁ{)ﬂ &ﬁﬁlﬁéﬁt§ﬁ°%lcﬁlhﬁs SR BROnfatRl B rgfegeﬁ@et IT’IG 2A also shows

o les 54 t urre access to the chanb
the injgiter S eofpry embodinTung of dest presertsingentioay condtpvirede “sﬁhcaw large diameter
exteridtdeEicn I‘eQ:e \%ﬁ' h tﬁ@%@ct %?:ﬁﬂdngs gﬁQﬁ Etgpe CI'ISI‘ gelyti%g received in
processes I n er suc y sup
the sequcncii&ofghspsrtti@ t he charrber As one exarrpl e of t he

[0030]2?&5' lg > gsié rB%rca e % gﬁ C@‘J % ?Végdd fV\I;'l %‘cr%letles 54 that

requiré becesmoembajhaﬁlb&r 4815/131 thé Qoﬁtfﬁﬁnﬁﬂ’(e F2ilitdd 5B raaypreire 30¢h access to
... Shown r.eduin ssure in the. ch 42 for the )
facilitgie SHAdy T HE MEPOStion o Blh M octes B b ShRBbR Z gk ot BY supplying
proces@ kY totHd cidinbdiPelavae exainpld B titd Faeilitiesi $4,GR00R6 dddes may be
to a coil 60 to energize the gas in the chanber and

suppliggh fiQMuPRe ar AogH ga%ﬁmlys (h,roggh theqacgessegiont? ahthedpigytor 51 into

the cthlnﬁéfWZ | Rwithe t héwn Fﬁé‘dtﬁ:ﬂié th@%r@@ﬁr@% fﬂ%ecﬂa}iﬂ)%r 42 for the
hat i nductively couples RF ener Into the chanber 42

deposntllqu@agwhmﬁepmcmgw asgures 3 FRE QHQI‘EES “witly#n geprsiange matching circuit
is compéc@ét{% J 04i1 68 rﬂﬁ Eﬁéxjﬁ&% tLQ Ei%mg% 'chhﬁﬂ%ﬂéncﬁﬁﬁl}{t{lﬂ a hlgh densnty (e.g.,

" pr ocesses N at cou
10" wooil 0 %@@Mhpb@mmmﬂ@cchambdrl@l d Teeeofli msnm be the type that

mductweg cgﬁqlei %%3%1]1 r‘grﬂgntfoatﬁ c'hgﬂn%? Zrié RN gltﬁg \?[’1%88 ré?S \Mglo rovide the
access 0 e éh er Vi a he access redgion R
high diehsityf pta'shiat foes:o'ndudtingethb alepssifioe foe retedng anﬁxs:sﬁe&'ﬁn the Céhamber 42,

During g GG it e AL EGR Mt FEriBn Ceae et b ol b

[0031]TTRe &tlitsss Dy n{aly&alﬁd) edquird hbcesB o ke ERAAbEe4B Via 8 access region 53

whn 0L eSS oo e, SLSEE! oL B e o

chamb®P 4D Fofbfacedanadsis rHl@h%BE' & rﬁéashhﬁnéiﬁta's Qﬁlscrﬂfé@eé’e‘}ow The access
FIG 2A shows an input optical signal, or signal,

S-IN
by theqtpals S¢emay be rsfﬂreﬁety ) ﬁﬂl@h.aéceag @0 m#ppPe dirgrEd Hy the tool 54T
along lah %ﬂal pIh‘p iliseaRl vy !nNe P]Q%, flhe oad ﬁ{ij{ bRe A9gh &ddiple of the

rough the injector ong the axial path onto a
optlcalswa?e @IGf 24 H@wmtmt epﬂ@l (ShEmal, or)signedt S{IN that thg tool 54T may

configlf e?%e(%?l%inai A g ﬁ%l’ﬁ e 51 al Ma?%@'ﬁ?}e%te%fbyp{hg ¢&1554T through

anal'ysis, di agnosi
the injector 51 along the axial path onto a surface oft the substrate 46 (FIG. 1) that is being

processed in the chamber 48. As an example of process analysis, diagnosis or measurement,
one at a time, such surface may be of the substrate itself, or may be a structure (e.g., a die) on

the substrate, and the surface or structure may modulate or otherwise change the signal S-IN.



one at a time, such surface may be of the substrate
itself, or may be a structure (e.g., a die) on the
wGausvsrase, and the surface or structure nmay neC/US1007/013831
or otherw se change the signal S-IN For exanple, there
may be a change in the anplitude, frequency or phase
of the signal as an indication of processing of the
substrate. As changed, the,signal S-INis referred to
as an output opti cal S|gnaf or signal, S OQUT (FIG
2A), that may be emtted fron1the chanber 48 and
For ex 1 along the opti.cal
DOPe” st Bl £ a5 b h Bl Bl e eny by B signal as an
mdlcatt%‘t plcarocegsins of rﬂa%/SlﬂBtllateOVAdexﬂlangdﬂ; hésighil BSIN'Gs RIBREd to as an

S-IN (other than
output PR sinal, ¥t el S Qi Rl A RN Bt gua e emied tom e chamber 48
and traosmﬁtedctbmginﬂleng}e@t&reff 1 el6ARIRS obfcdl Pt '@‘% %c V‘ﬁmn by the tool
54T, (§Hz%h ot her fotr %of optical access are include
L types of aptic S%f’sﬁé?@’ ke psovidest. i sugh asduessing whert forms of the
optical tlhmtsslgﬁkﬂl S#ﬁ\ﬂ (3tidr then t\ﬂﬁtéh@ﬁ@' Olsb e sLQ&'?a% &}Exéfgcef, c2§Itructure or

E sho Eat the injector e con
process {ﬂ‘? NgpPHgR chapsee de thy signel @dﬂ‘ﬁg S&lChlcrther fmms 6foptical access are

includell I ! l
e s st iy ORI BEL BT Ehor v e

ﬁ)&s FIG 2B
-signal - Tate the entire area W|th| n the bore). The bore 66
[0032] MG h2Afh¢soa£}ﬁﬁv56!%apfh9\4hj%§ﬁ)r 59 rrg gge & %#rgg&'ggﬁfq?l?pggggl access by

and for clear optical acc
mcludl%gé'ggt Ypre 166 kaving en @ﬁlemyl mhltiplﬁ-;' ggﬁ Qad Q)%tlb%l E?dééédh&bQ%tS (FIG. 2B,
id tica s S- and_S- QUT havin
i entlﬁ%cpg% r'é?%b%m% ?ﬁ gsa%r)oe 16 ét}da%%? q}e erﬁgp @éear ¥ithin tredaqre). gFhe bore 66
with the g@g|68ept03m3)for Sarcflowl eahe @RAB& 4@0&1%51% Icfeal %ﬁF&leaQ:cess The

opt. access" and t he op ti
clear oprtlga]aa%céﬁeb %\? ‘gllﬂ?lgleﬁﬁ% %I@Sﬁuf@%le@tﬁplf@ﬂsnn@bewtlcal signals

cess ar
S-IN amhys QU T hﬁemged do?m@B & defeldl &fhnaR s a' . .
Nis transmtted t rotd ﬁa’!éﬁq%g?iééf’rﬁ of “desired

» nal
SNR?). acli: gscgg% ‘%P&’GG\)I Ag§eSnif (5ef[eﬁ'§d T%P%ﬂlﬁ IdCSll‘fld aptital ataess’hand the optical

access acdsmﬁ& 9[‘0v48 ng@il@h Hesthd o icat g%de?% ﬂ'la?/%et lre? al}s?fja%d S ?@‘?ﬁé’ﬁd optical

A chamber 42 and t njec
access ?f"e ﬁ’t’? signal Scdkis transatitted throogh Iaa dptiohl &etEs{ Wifdow 70 into the

injector 3 Bland Yithihé ERRRG: 400 nd to t
4 o t?‘ gﬁa S-QUT tr arﬁs4 I’%l trlt%c% %A%i’ %a¢ 13 afsr?at tt‘?‘ﬂ?‘btlfbfﬁhe chamber
2 and ﬁfélgélptPF dajcctgs aad shuughi dive Fptidad at;dms tvﬂﬁHO\547-b. td @€ tool 54T (FIG.

required

7B). WRK &t tottﬂé §ﬁ;§?$ Rd ai?(li\l% h% sgge]{flé Eeglliﬁgg.l?ﬁgnged out of the injector

or accur a
through dﬁ%@ﬁagalsamssmm fénto, teotood>samp|fer ekNAZR] tﬁi&edesued SNR is
oJr

p S c esponse to a signal
efined % {Ha?dreﬁ&tréa;g arly 3 %ﬁﬁs (S#E'y o %B?"Ea"teh Lrqcssy gasl,gjystso diagnosis or

havi ng t si're

measuregenty feit edampleidi cat e t he processing of the substrate.
his desired SNR may be typical of the SNR
100331 TH SRES Bpricfi S n 1EiaRRs i 7 Aigneb SIOLA Thasing tl desired SNR)

may enablgt tbcftemloﬁﬂél‘ @ aCturSeRCIndRARS fie. p rf)@ésswg@'sug%\ﬁatg Of £ general,
this desxr%g S& e desi L qd optical access aré€a

H}aé( 5% SPRELOT e SR pha stepal moi focg ippnitmeng kel $4T such as
an mterfemtr&te‘refr&ﬂie&tférﬁet@f for example. The bore 66 with the desired optical access
area 68 is thus configured to facilitate the monitoring by exemplary interferometric or
spectroscopic observation of chamber processes so that the signal S-OUT is representative of

the exemplary surface of, or structure on, the substrate.



spectroscopi ¢ observation of chanber processes so that
the signal S-QUT is representative of the exenplary
w@oBaea40f, or structure on, the substrate. [ OPCEPSANT/HM3IS31

input to the tool 54T of the signal S-QOUT being the

desi red optical access providing the desired SNR, the
SNR may be referred to as being "high enough” for the
tool 54T to accurately indicate the processing of the
substrate. Thus, the S|gnaF S-IN entering the bore 66
to be directed onto the substrate has a relatively

h SNR t ha h enough", and _the signal S OUT

1003419 Rt i Breoloa Bkt e aEwL SEUT thedesing Hesired optical access

iding] @6 tdekir&d S i ol
provi tdlge rel altrl vely tf@s%ilg{ ? zI:t;e?t l%l%s:r?&lﬁtloé\ésngégl\é\é ng% ér*obgﬁ"a?or the tool

U
54T toggeungtely h’éleﬁF dhe Em@ﬁng@%@pusvgbsirml dus, (ﬂ%‘hSlgﬂl@l’ $-AY entering the
bore 66 & Sé HREERE SntEHRRubStrdtd ﬁ?pgﬁ tgxﬁel* i é%lo%gcﬂglteg ‘51%? epough”, and

facilitate transm ssion o
the signileS-qAIT reeldmg)thcdmre &6 @eégranwm‘ctwlutﬂlm\i@ uha'pnjwmrrém&d the optical

access %I"]"amo% g?gﬁa he %?atRIe %%thrg ta:ﬁogr‘]‘hhgepa e’ 311 absent the

interferenbs tiamrlbzekilt;elcb\ovv@orishhﬂng driteEferente, Gav,enhﬁﬂlfefbél’éémi is configured to
access

facilitaﬂggé*atﬁ]sg%jwﬂgrl}l Sﬁ éﬁegéh i BM{APQ rg?os\glg%ggg eosl%}qlg %%lncal access, without the
1mproueﬂte€1ts‘ 6f enbedifmintdsE by prevedt Iﬂv@ﬂﬁoxﬂtﬂy‘sﬁ?m% sleadhdg-ouT may be

t ?% tical path AP, For exanple, the opti cal
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end 90K (?tr &e }boglgyv body “}1 s cafigures] with pplocaisy of leastiistriddios Bores 104

that mayedistribute process gas (e.g., a first gas) G1 (FIG. 3A) to the process chamber 42 via a
plurality of nozzles 106. The sleeve 92 may be configured for reception in the hollow body
102 to define a first gas supply bore 108 for supblying the first process gas G1 to the gas
distribution bores 104, and then to the nozzles 106 and the process chamber. The first gas
supply bore 108 may be annular in shape as defined by an annular space between an inner
wall 110 of the body 102 and an outer surface 112 of the sleeve. The gas G1 is supplied to
the first bore 108 by a port 114 in the wall 110 of the body 102.
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first process gas G to the gas distribution bores
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sleeve 92 received in the housing. The injector configuration includes a septum 126 that may
be received in the tubular inner wall 122 (FIG. 3C) of the sleeve 92, and may include the

optical access window 70 that may be mounted on the housing. In a general sense, when the
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wall 112.GThd wiebl dissikisatlm@omneexembtaiy cirodlad 2@a 120 fdefined bgmiciwall 122 into

oo o B PSS SRS B Y A0 compit

length IifGhe Kleese 92GunANGI thesdepiint €6 TDBIG NBAtshdRB-thatofhetRBBtum 126-1 is
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he conplete | ength of the sleeve 92 an
more tm%ﬂﬂe mgraper3 Avhsringhe manyt embetst apepe26: to define the X-shape. The
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rod of ¥nft&iafleto ddfedb vidbs! fer SQRIPIN WdRrratficl), dBS ﬁéﬁ)eopﬂl%rheptum 126
lary circular area 129 defined by the wall 12

may b NEBIeR Gt OO CRe o EaiSd 22 OF EifcHioras Bk lfg, oS shown in FIG.

5B, thep amdblherk Q2¥3t390ﬂﬁiea§efﬁﬂﬁ h 26%1%0% %Qﬁ%n&& &n SRTRIrRE 6 pre-formed
| ength _of the seﬁtum 26. The septum 1
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sleeve jg¢-f made drdmak nadyater syrh aShETB\E bAltdrpativeknrtpe sleeve may be made
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tubes, with each tube extending parallel to the axial path AP and along the complete length of

the septum. Each aperture 136-3 allows transmission of a portion of both of the optical
signals S-IN and S-OUT that are transmitted in the bore 66. The configuration of the plurality
of apertures 136-3 is such that there is- defined an embodiment 142-3 (see double-headed



open tubes 130T received in the wall 122 that is also
circular. The septum 126-3 is configured so that the
WO owes43130T t ouch each other as a bundl e by bePemyURI0T613831

fit into the sleeve 92 if the sleeve is, e.g., nade

froma polynmer such as PTFE. Alternatively, the sleeve

may be made froman initially solid core and drilled

to formholes simlar to tq§ tubes 130T. The open

tubes 130T di vide the open exenplary circular area 129

(FIG 3B) defined by the wall 122 into enbodi nents

t pertures 136, one aperture 136-3 | .
arow BFIG, 30 BB REUUNE of Aemciey BS0 aien 142 Srocrited with respet to
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of, the septum Each aperture
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dimension (significantly less than 0.5 inch) of the gas/optical signal apertures 136 of the



of the described configuration of the septum 126, the

resul ting reduced deposition on and etching of the
wowendo¥s1F® serves to maintain that hi gher SNR mim/vk2007/013831

tends to enable the tool 54T to continue accurately

i ndicating the processing of the substrate. [0049] The

above-described retention of the desired SNR of the
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AP. Thg @‘3!1559%@Lﬁ $kma1 coriftignrest with pnr&molar-shapdmojmﬁem legmﬁdmg around the

| | ustra nl.arge
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grooveStGGﬁbedec@f\Qﬁ)g’ theAysturg 180, wAtM idan@NEENThAERIGW Td¥onforms to the
I YﬂT&J The end 92E is shown confi gured with an
annular,Gon at% the l5ues-| The Sexuseds sgniigwid vith armaxil68 configured to

flex relpavd tc fh ansulaNb&dyt Mo S A
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the sl eeve 92, show ng noun
windovg 7@ axhengbe pandase A0tis bel &S@Gmbl@Q mM&Mumg|My aceass plate 172

of the MJ&QQ’VaKQyEfs% H%aglt}gment tool 54T. FIG. 7B illustrates the flexure 164
mounted on the sleeve 92 and thé arms 168 (that have been flexed by the window 70), the
flexed arms and the flexure body 170 urging the other end 92E (FIG. 3A) of the sleeve 92
against the interface 150, e.g., against the shoulder 118. As to FIG. 6, the flexed arms and the

flexure body 170 also urge the other end 92E of the sleeve 92 against the interface 150-2, e.g.,



upper end 160 of the housing. The upper end 162 of the
sl eeve is shown configured with a groove 166 for

wOo e@eiNdimg the flexure 164, which is annul ar. A¢EUS2007/013831
groove 166 confornms to the annul ar configuration of
the flexure. The flexure is configured with arns 168
configured to flex relative to an annul ar body 170 of
the flexure. Application of,force downwardly on the
arnms 168 flexes the arnms and urges the body 170
downwar dl y agai nst the groove 166. FIG 7B shows that
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thus in[@0%3ar! HptfAP ?@ﬁux%nmgﬁéﬁe jch Ty {)%tfc%tl s?f%}i ﬁqg RPhnd S-OUT are

el i m nation, gener ati1on of part
transmifted.ector 5 1 may result fromuse of a gasket bet ween

[0055] ke, ﬁ@%s%%ﬁg&pﬂess&g {h%%rc%]aS glﬁl gy?la IS\(nYté ogxé 9@1;%%?)@%?&6 an O-ring

gasket rrade roma
174 intg, a§eahrcg1arcme dr7i6gbisealothe |p0W Y2ar dridcihe g€ G2 fbirDthe AhoBphere, thus

; on of the en 92E relative to the
the()nk%@é §n¥81 gﬁegoumqgéﬁﬁgFé “Ybes not result in any
[0056] Elfbsizﬁlaisoadhog&arthe apparerdf 162261t the |sfb‘éve @Q%ﬁﬁgured with openings 180

I O NI MR T R

124, Thdendn6l Brulsd behfiduest deth aav@indlab $fodvle @RS dxt S hor zontally for
de th(i ve 92 and inside the housing 90, ﬁw
fecept“ﬂ“&‘iwfpeél ?’gn ?@Fé&lpar sdlsatde and peipined fiw the groove for threc functions.

One, ﬂdxﬁf@ﬁf e Wiber @E&sésmg?mﬁs@ tﬁé“@amlq‘@fbeﬂ%é t%g @8@#&%4 and 124 to
ugh which the optical signhals S
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the wiper 184 applies a force on the wall 110 of the housing to center the sleeve 92 in the
hollow body 102, thus avoiding particle generation that may result if the sleeve touches the

housing at this location between the ports.



174 into a sealing groove 176 to seal the port 124 and
the gas & fromthe atnosphere, thus the Oring is not

w0 p®Baes1she housi ng or the sl eeve. [0056] FlI G PGHUSI08T013831
shows the upper end 162 of the sleeve 92 confi gured
with openings 180 to facilitate entry into the
apertures 136 of the septum 126 of the second gas &
fromthe port 124. The end &62 is also configured with
an annul ar groove 182 that 2Lxt ends hori zontal I'y for
reception of a wiper 184. The wiper is flexible and
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the firgst and fromthe inject
path thahds FRRIFUES gotre%w“ﬁne%@ebﬂanﬂigor@  PIORSSTEhpRLE o an analysis
tool tH@BSpérafy iRakfork® o tRE sigARERavihg atbsid 8RARI-R- ﬁ@i@e ratio (SNR) for
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procesgfanglysisy ebhdriglngd pathrepndigyation is maitarysindsyanagle of transmitting the
desue@ @I\'?R NhAgisd r&%&ﬁ%‘f'stﬁe GERdEd LQRFate ngp%‘%ate the progess analysis.

di nents resent I nvention al so i nc |
Operaaom\b% oehyf sy pgff@metﬁ bngtheméeed'eeHZr kging pom red szgtisthetiopner wall 122.

As deaggggcgaﬁ%ﬁeg%% é?,ﬁfegqﬂgtynxﬁgf ge RARE 33 fd;?gaﬂﬁsm 8 septum 126 is

such thaftke epereatea IRI9GFIG, 3E|)||deﬁnexhby\5healmbnwaﬂh1&?(2tls Kafficidifteo transmit
t
the sigfEp A FRYSIQUTIRNME bie JoRi SRRV ekl e, T cprmrea 129 of

the sleese 6D rthayguowdrinot thamsultiplea Basopiid Gﬁﬂlczﬁl gieads path mftdjbEration 192 in

that b(&hgtggs@ééc nbﬁ éhé :)cbqa,?glo%ﬁgl ?/%:Iﬁg%st %gsqrpg@ed t reoru% ﬁelorf)en area 129.
With Rb@Rako tir sighdeSI8 bAd (SHR) sikedl PUIOICE HanamatedSos. othlns injector 61
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d h f
through b RICEL AGFERaviaday & (b (ot 415 FoF GrroE gy gsired SN is

definell B0V O QL that RGGIHEAWS thel t08] S&L ol Q@c&ﬁt@oﬁ%éeﬁr@{aﬁiss -diagnosis or
Qperation 192 nay be perforned by the sleeve 92 ng

measupeHint g uPBeratipe H R2heay miee copfigure 2he angesqgath vy the optical access
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holt the septum 126 is such that the open area 129
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accessgﬁgﬁ @'z al‘ilgeofye? Qﬁ& Iélcc?égg_ﬁger%gs Hﬁy E{]tg&c%ggt&geen the process

red lne ove open ar ea
chamber and the analysis tool to mamtam the desired SNR of the optical signal during the

process events occurring in the process chamber. Operation 194 may be performed by the
septum 126. The septum 126 divides the open area 129 into at least two apertures 136, each
of which is configured with the reduced area 142 A that extends parallel to the axial path AP



the sleeve 92 may conformto the nmultiple, gas and
optical, access path of operation 192 in that both the
w@amssiand the cl ear optical access are proviPedus2007/013831

t hrough the open area 129. Wth respect to the signal
S-IN, and to the signal S-QUT transmtted out of the
injector 6 1 through the optical access wi ndow 70 to

the tool 54T, for exanple, ,this desired SNR is defined
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the enexgy bf theepapticles A@dlintcoeaaa depabitictOoHthe phiciéscmvibe wWilB 122 and 138 of

6,,combj.ne wit he bore 66 and,the opiical .
the apdRERL 15 GBemic PR tEs el hotuaeih otk St dor Mipadmseuraton
in opethiioaﬂwtt heyaalsd y:ehﬁgﬁreocfalcﬁlﬁf. thA: aﬁa@rtufebelmﬁrﬁﬂrk]l%l g)@fticﬁﬂ of the wall

0 e.apertures 136 c i v intain the desire
surtecig dfd SR BrsRpai apihes E5kandrinadatie fimmsiongiress e aperture
136 snpllee @%m £¢eféspoadiigl dinft@sion dffike Bleee@Sal11ICI@NRAA vwith the area 142A

operation 194 may configure the

. [0060] | detaj |,
that is i‘fsf éh%ﬂ ﬂ{ér%‘@%ﬁ@? 1t gt veallo L of thertrsvae drer yeallgs apRrtures 136

result @f mBAY §4165i88s bBrdAA tHASuAREtsORY £l 1 BCGLER, %}éérgﬁ (on the one
ronote collisions between the particles an

136 to
hand) @IerPWéiCF@ (e Eam theachembenor gieheduireny theGurfipedd2 or 138) on the
| 1.5 t t i . .
other haR4! ﬁeﬁh@iﬂg thé QH%?E ﬁﬁ}g?g Pﬁr‘i@t’es%{nld é{}gmegﬁé 'td%éc?satéﬁp gf the particles on

I ncrease deposi e pa es
the surfangs 1128 wfd 13 oftley apertged 366 thefwe ah¢ Ipertjzdest ieatkeshe optical access
window€ach the optical access w ndow 70. The configuration

I'n operation 194 may al so configure each of the
[0061] Ser sroalles apBunes t1R6 aedting GonDdpdrionbd4 asurdndipRrdid be effective

) : h

R TP A R TCHE AN S———
because plasaspaoudi g A shicat atdnad theewgacealds d22he asliter-dimension

with the area 142A. that .is | ess than the area 129 of
apemr?%elr}i‘snn:';hev\g}ﬂat Z‘Ed‘&festtlkfé Sftenty el any plasms |igrthe smaller-dimension

aperturé @B Uredicihg Geté1aas oF thé) oféa? aeedsk iviin@sw LbWRitnid)e€The operation
Srs'1lirf ges 122 aq[1816138 .of the apertures 136 (on the one

194 re 'hﬂf)a ReFteR o hegariidey on the swifess 128 afifbe apertukes 3@ before the

particldsre8H the optitdlareest22in@bwABIsPReshteir®d ARKucBIlelihood of the optical

reduci n;{; the energy of t_hesfart_l cles and pronoting
access yupdeyt T beerminge conied i vitle slepesitedepasticlpacend apoidarthat cause of a

reduce(%%&l@%f HBE MRESIN£R1 tha&-BRIPASsd, I‘z?itlpgrﬁlils%ae fesh Ffﬁ%ﬂl to form, and

) he optical access
with a smaller plasma if one is formed, etching of the optical access window 70 will be

substantially reduced. By operation 194, the reduced deposition on and etching of the
window 70 serve to maintain a high SNR of the signal S-OUT transmitted through the



wi ndow. [0061] The smaller apertures 136 resulting

fromoperation 194 are configured to be effective to
waappoedss | i ght up of plasma in the apertures BGBUSANY013831

plasma |ight up has a reduced effect because plasnma

does not formin a sheath around the surface 128 of

the snmal | er-di nension apertures 136. The sheath

reduces the extent of any ghasma in the
smal | er-di nensi on apertures 136, reducing etching of
the optical access w ndow 70 by plasma. The operation

Wmdogﬁf(% ;;AESUA 6%2@6 f&&ﬂ%‘ aper gr Eﬁsﬁ%stg’g{)g%or e %glg%lhf§ QP& having the

desired 8NRremahlesdhe i 54T de ewmﬂel}dmmcﬁfé thk peodeesing bSthiesubstrate.

r I hoo he.apti c access W .ndow
[00621; GRS 1108 Thb BRffofh the SiRing B, privGfing, ik cchpbrling the gas and
opticalt lbmh mt‘muas @ltﬁ'ﬁlﬂ@r oﬁgwﬁfﬂ SNR:athapbﬂﬁﬂést each- dih@l'h%eIrthﬁ:s may be an
sma less likely to farm

and
apertutg; &é % dReHDEY HEP‘é%r?é‘% 12y b segarets; b alb g i gther eamand optical
passageﬁt Thil dieklies Sp¥atioR \WhafObdvpeifolge SH tsiphah | 196, to d1v1de the open
d B $ :fél on 194 t he reduced déposition
area lé?nﬂl“%ﬁt%ﬁ%% AP haB Wi IS conb v rith thel waks ﬂﬂ@ lnd 138 that
dIPR t t
exten %M l%ﬁs t(?j ggcﬁlge'}gdtg&%s?ﬁg&%uz{ogg% : eﬁHHJ?l {%ﬂl@%’m deposition

of partgq%%s [ @%Fu@@ﬁzﬁaaﬂdngﬁ RE th!’e@eﬂ'@ldeﬁm bnﬁvbd: e p:tracles reach the
optlcaltéé%ssaﬂl-ﬁdbgl P8 C oL Eve1y, Sﬁg'% ﬁlﬂl%h?y n ptlcatl apertures 136

substrate. [0062 erat’i on
are copfigired 1t tmyxsnpntothponp’@al/vaﬂghsl SEPET ahirought tlhe cgﬂﬁ:anwﬂndow 70 to the

analys GOS8, Syl Sl Hr AU BE e, SRR, hat may st be

high en@&haiomlﬁmcmddemnhova;pumaynwldaee HRP Preetsihg WP Bel substrate, as
descnb%ﬁa{)he ot her gas and optical passages. This dividing
eraYl on may be perforned by the septum 126, to

[0063] dqnmm ¢thieodipent af & iln%ﬁ)dd’lbﬂﬂbh/ecwll@@' sy i'n%ﬁxdeeﬁpg eration of

ch i s_configu wth the walls 122 and 138 th
removif (5 0Fn0sl 3 PRI 8 Al 58 R e 2pAcvised h: Bersuoh operaton,

the sle@ROYEan@pEtatd 026 14 BLidthdved fForﬁetHQiifoh$19? 9 and the apertures 136
icles gn the surfaces 122 and 138 o he’ apertur%
Cleane‘ﬁg‘ﬁf%ﬂ%ffa’r lacipg dhe, sleeye pad septahin the bgyisingal Imenethsr embodiment, a

cleamn‘gfI o?loma%el &Ifbﬁﬁ%dy in_He! prgf:esrs h’ﬁlaH{bléf %{2 t%yregIov%at?Ae deposit of

opti cal ertures 136 are configured fo tr
Pamclqs rf@na th valls é YAad 138 ofthet dpeourds 136e thoptavoidingopretimg #2 chamber
42. to the analysis tool 54T, wherein the optical signal
S-QUT has the desired SNR that may still be high
[0064] émwgmnﬁrm th%éescold)bd &Aﬂbd(hmams Ldfalﬂlelprea;dmdllﬁ'@érﬁlohhmeet the above-

descrle%gggf ?&KEE} rtupl ovgI a{o Provh% ﬁ%fa:llalggg glpgp?%wtgﬂallet access to a

processi@@mbgy. rrﬂnclprdbleandeﬂmrdadbava 19f)véxeﬁﬁl\él bBy0a phsblelaR@Bition providing
rom 38.of the apertures 136.
furthor BpROLEFS 38 Al i e RH oL E DA BEIGIRG 150 (rroved access
when tlhﬁea¢®m)u/sefbrf dwainzbhe ga uﬁpplg, 91511 vkl thdpaBAr édééﬁsslsls'iﬁject to the
b % Qed bef ore repl ci.n he eeve and septumin
above cr?n ic W& reﬂleglﬁlslillﬁer gﬂf P legl solution is accomphshed w1thout the

four considerations identified above in paragraph 0005. Initially, the injector 51 provides

the above-defined clear optical access and desired optical access.
[0065] These needs are also met, and the problem solution is accomplished, without
depositing damaging amounts of particles on an optical access window leading into the

injector. Oppositely, it is shown above that the septum 126 is configured to provide a



cl eani ng operation nmay be perforned in the process

chanber 42 to renpove the deposit of particles fromthe
woR0B843122 and 138 of the apertures 136, thus BOUDUSI0NT013831

openi ng the chanber 42. [0064] In sunmary, the

descri bed enbodi nents of the present invention neet

t he abovedescri bed need for further inprovenents to

provi de the above-defined Itiple access to a process

chanber. The problem definéd above is overconme by a

probl em sol ution providing further inprovements in

ssin I 0OCessi rs, and providifng suc
dimenfiG5 AR 0 B AERE L O PRI Sl e PP P ottien gLihe sleeve wall
122, asdipith)the afeds WMIZA thiterr® pidiciats thes e5Sarks 139! bf atwilp 1211 of the sleeve,
irements. Further, the pr

mcreaggg\lgl?q gﬁrgl lgll tg Ie{]}%ﬁ{oi%g é(cpz\ﬁl‘fl%mlmt the vragbrIZZ and 15)8 of the apertures

136. 2B E6MiohS NsetweS tafticteh RO VEe I»oa1pqaég&ﬁph3§0&5the surfaces 138
Initially, the injector 51 provides the above-defined

promoggsedeposiion o |the pemisiesamthgentfaees LIk anchl 3% o€ dhesapertures 136 before
e e
surfacegmygsuitssingf reguead likedihood of megpitﬁcahaccasgsc\emglowi Hdbsgoming coated with

deposilteg‘ﬁgzirﬁ?}ﬁg ne{r}%hé\nﬁ& a?%&% of%%%% & bXIR ' {‘ bci)t% tﬁlé] %%al S-IN and the

e Se I's” con |gured
signal 8dOBENSi on across the apertures 136 small er than a

P R R A —

geomelizd adxfanit:iges \i\l?ilkﬂe ih?lﬁ'oo&d idjectsd ElleVBor b)ikri]ﬁl?ﬁsddlﬂblslbhﬁidzxémh respect to
ol I'i sions articles e walls

FIGs. Jhcemids ffs?lﬁflﬁ%awwﬁégg&%m%wgw@mt cYMininge PREicle generation

in the RPESbEH €S F@f" @xérﬁﬁle"‘@iel dekggb&f‘&)ob%gatfbﬁm dhfe %5&&&1&6&&%87 0, flexure

ronntes BE?OSIIIOI’] of partlc es on the surfaces
164, amzh@ﬁéetls of thmmt@ré@qet Lfrﬂeylth:;lae lsad S2E xegeltpin thecdagnward force

applle{i ?@ﬁl% '(er% %tﬁygﬂiescﬁﬁﬁgfsac‘c L NGO GPT tl%lﬁ% qf‘eoélﬁi éi]? gf ﬁ'fe sleeve 92

artlc sur aces Cesul a reduce
agamSt tbceelhphbbd 188 of te ioprfacall SAcwbeh ineffdetiverio matmigen if not eliminate,

‘ partlclg ogaetngrgg% Clg Otﬂ%ﬁlﬁ]sel #o‘%ds r'Af(L etl%nféélxaﬂldesa%/%%ldds éit P%lti ahdiDferface 150

maintagi gteaﬂo@; clihie gafi366] af[dhél?eeffa&adslyanpartal so nmet, and the

ol ution | acco while f n ..
10067 Ecke AR st e AL HOPTRe” PGPy ErPoeRatesh SN pequiring the
m_]ectcﬁ)ﬁarfmbe fabScaded ﬁbhbegaiaﬂc?ﬂhrrrﬁﬁﬂeﬂt aﬂi(DlrE{@G by%ltﬁﬁdg @ise of various
[lities. are proyide or

materigl T i Veipusaria O 116 Rttt ghe SRy ﬁPéé’P‘b pemfym 126. Many

combifon® 6FRherial ARy ARSGiddPRLoFINNPES Bld pres@it ihtéhtRRt | E& example, in
w ndow 70, flexure 164, and_ shoul der 118 of the

one embpdipenl die bepsips; the flecsnandthe seatim mpy; be MRde i fither coated or

uncoate@ rch%rrﬁE'@br‘ Sélyhferd. Mthe@efinité fahdbel hE sARE 2 MosR eSS 5hed in the First
wi ndow 70 urg@%the end 92E of the sleeve 92 agai nst
x

Prior Apylicatien oF it cend Prier iAppéicttinne eg,(ﬁlummac lgetia, yttria, and zirconia.
C par Lkl
QuartzeH 2 bé MBel G rﬂ’lﬁ eﬂ?bg&s ey Q%&nﬁk d(‘IjE e a??l?}, %tﬁe%arngzé q Exemplar

gen ration int njector
polymensdngpde XAFE, B1&H, AEFESPEP, and others sold under the trademark TEFLON;

polyetherimide (Ultem); polycarbonate (Lexan); polyetheretherketone (PEEK); and polyimide
(Vespel). In general, advantages of low cost result from use of polymers for all of these parts,
and combine with ease of manufacture as compared to ceramics. For example, if criteria of a
plasma etch application (i.e., substrate type, gases, temperéture, power, etc.) are compatible

with a particular polymer, then all of these components may be made from that polymer. Of



maintain the flows of the gases d and & effectively
apart. [0067] These needs are net, and the problem
w@odosnsame i s acconpl i shed, w thout requiring tPer/Us2007/013831

injector 51 to be fabricated froma particul ar

material, and instead by allow ng use of various

materials for the various one of the housing 90, the

sl eeve 92, and the septum 326. Many conbinations of

mat eri al nay be used according to the present

i nvention. For exanpl e, in one enbodi nent, the

26\

partioulh gt FEmRIIRE!Re ADE B0 T 4 Pofller 38 MR Af1cV i 2 necd for the
coating éh@tmqme easanes treguisandt amnyt h@smddlsmdl ﬂnad al mobihﬁlasma- resistant

embodi%léﬁtt élp : %os‘?‘q'@élst’%%{ 'tc()) nrﬁlgsgnail 88{;1 P@gﬁi@g&%gpﬁéa@ is an “all-ceramic”
configaratioonin azvhlfi_m aadlzofrthy Himisingpeletve hlid sePtBas SmadeOfrom ceramic. Such

o SR oSO G STR B TLS oo
better tébﬁstﬁﬂo&d@ﬂmérhmfdiﬂﬁﬁe pasiet hﬁ{d Hb&kEnd Yb! ek 1s ex ERosed to the most

Q/car bonate (Lexan); .pol yet her et herketone

mtensgﬁ SPt VAN BRIV ed ﬁ%‘lafmc IcRatRS | themﬂt%{bééd c&ﬁpuuuw92 may be

uncoaté® Sbrafhfis Bbdavkt Y ﬂ%eqnd%bm ngpéy%&lriengé thte"égﬁl% high intensity of
parts, and conbine with ease o manuract ur e

plasma oﬁbﬁ’ﬂ%ﬂie‘t embedimngsa c@mbingd anepdnaic-anid-plyner canfc'bguratlon may have

advantQéé%S MPhefl SRR hﬁ@tﬂeoxﬁa(% frgm’ a é&gﬁéé %qt z)lésxfx?ahteg%?ance whereas the

enmperature, power, etc
sleeve Qaramd@apiarn inﬂ yaprhe mh@fram pa:lymeh ginee thm@ aree:itttslocfm@d in the same

mtenseﬁ@agmg tﬁeo JS}I?% Q’gky mogvn% lésegc%f %h@lﬁjjleg gr rflta?s% (mtense) plasmas

becausalthcev«:ratres haquOJ‘ whethbeoc nett doaged, h@istssﬂﬁplaﬁharﬁn@&he sleeve 92
pl asma-

and Sep@gﬁl‘l;tzgn?’l %%lbe ur;éill%'errtlgo %ﬁ%(tggp %§§qle:‘nett\)r§:§pp@31 ﬁpré@ﬁgatlon that is
easier @ndahifgéugl. ectric fields) is an "all-ceramc”
fi whi ch h of the_ h , sl d
100681 S5t 57 drRals0 Fr B LR ebler, fofiah 1amPeteplithed, without requiring
long sﬁh@ﬂfg &ﬂﬂ@tdﬁ%aﬂﬁé&!‘@wﬁﬂo& e HAHSRL pRIRSIBLAHEY \ngdow 48, where
onpatibility due to the better resi stance of ceram

the 1°ﬂ£oSHaﬁ@gp15al§n%n atteraphu8Yeid drgnagetiat the @pémpbsmessowmd@w 70. An
exempﬁ%ﬁ&oﬁﬁ%ﬁﬂﬁ&n Of 82 TRie {B%ﬂrﬁ%?‘ Bgo%lé’e ﬁ%rS%Eeucoa?gt | B steeve 92, and

but the sl eeve 90 an septu
the septama G d§§ealgseque2%Ieeemplaam@els@ptcqumhal rsignal apertures 136, each

having %’ﬁ?&mbl‘répgﬁ%ﬂggﬁ ge%cﬁés% aplteggﬁ) 1¥1¥1d8 l as 'TS‘)& ?ﬁ?&out three inches,

anot a co | idgmnpdg e
as shovgoinf Fli§uis&-i on nmay have advant ages. The hou5| ng 90 may

o0 0TS 5 A0 R P 505 B s o
clarity of méel'sfaadmgantewﬂbbela@paﬁeﬁd tha cbRSinSeHRgdNaRD SR I @$iPBs may be

Qus Thi s .use of the injector 51 in
practio @Rl R SRR (3P aSniRd STt ACRe Rt Prrdeat rgbodiments are
to be c@iderbbadRlus@iti veOin AR esrichi @S iafill $hd ﬂﬁeﬂh&?ﬁ%ot%‘ge §iBGited to the
detail sl eeve 92 nd sept um 126 may be pol ymer allow ng a

etails giyen hegeryy by ey tfﬂﬂﬁhésﬂfvn jr 4hg sepperpd qquivderite of the appended
claims.manuf acture. [0068] These needs are also net, and the
probl em solution.is acconplished, w thout requiring




| ong spacing of the optical access wi ndow 70 fromthe
process chanber w ndow 48, where the |long spacing is
WO pooasn4Hee enpt to avoid damage to the optical BCDES®07/013831
wi ndow 70. An exenpl ary configuration of the injector
5 1 may provide the septum 126 in the sleeve 92, and
the septum 126 defini ng about 20 exenplary separate
optical signal apertures 136, each having a di aneter
of about 0.90 inches and &I ength inside the sleeve 92
of about three inches, as shown in FIG 5B. [0069]
Al though the foregoing invention has been described in
What issd@ignedaf ai | for purposes of clarity of understanding,
|stinjd L wethaROESti N Access window allowin
1'Agdﬁﬁ%fdga@?ggsﬂﬁg%ggﬁqgfga%?iﬁg%%é Wit hin ?%e_s,cope of the s
optical apysen theandcirainithe prasesy diangioy, the FycEPESURPIIEABOdI nent s
r | i r i cess, the
Bl AR I 1P g/ (5 @Ry e e o
bore beihg cdefigired Wit en dveessi area ronfigupdie fhowirrpeass gas iand transmit an

. .the scope .and equi val.ents,of g}gﬁp ai ms. What
optical jagcess 51igﬁ§lqhqv§ngL Hﬁsnbegsﬁgnrﬁl"g‘g é{égf %?(P proc ggs chanmber
@ORphugy cetligired famreogitionain the bess theé setvumaidimgurther configured to
... optical access,to and fromthe process chanber. the
divide fli a5ty 68 M PS PREF T 8 LS ORIRIRIF SHO%r (ReLuisgy gch of the at
least tW8TdePhia® ac@Rt Mpefire@abeinf bonbiguiddetoRbosahtcadithsthe other access
the bore being configured with an access are

aperturg G 1o FREIPROGOT| B PdeSSHISHHE HE RPIEAL RS SBREIgingyfhe desired

SNRtkﬁ.G%lSﬁl IhgR&l acbasiwigidegwdesi red signal -to-noise ratio
(SNR) ; e?rl?d a septum configured for reception in the
bore, 't he septum being further configured to divide

2. A gl gxé]@&%?sﬁ BL5RA B c14ilf 1 PRherei iR ?échlcﬁ‘atﬁé at WMasBRRRE@Jafate access

1
ccess apertures, each of the at |least two separate .
aperturas ¢esenfapeed to esdusei thy likstihper o dormptionoplen #asnig tmthe respective
t he other_ access aperture to flow the process gas and
Separattegcf?sgﬁg?ﬁufr%t he optical access signal having the
desired SNR t hrough the optical access w ndow. 2. A
as. injector, as recited.in.claiml. wherej e f
3. A ebliienior e Lt e i o BERdr areif R DrfislTioRL 8r HERARE An e septum
define @NE iof Bh&@adcesy Hsbifige tdprdmdte hilhaenkeoto the wallsiafpadicles moving in
plasma in the respective separate access.aperture. .3
a respaRliga 0re3r SBPRITCAOVAEL IECRPHCAT BYSEh R BT e, gartcles reach he

opticalRBédsGihabwons of the sleeve and the septum define
wal | s of each access aperture to pronote adherence to
the walls of particles noving in a respective access

4. A gAR[eL Gs FQUREGN thEmaDWHeRdinaccess wi ndow before the
particles reach the optical access w ndow. 4. A gas

i thi eptien! ageess signebimdigates|aggopdition gfay saibptrate, and

the at least two separate access apertures are configured by the septum to collectively
allow transmission of the optical signal indicating the condition of the substrate, the
transmission being from the process chamber through the respective at least two separate

access apertures and through the optical access window to a location outside the chamber.

5. A gas injector as recited in claim 1, wherein each of the at least two separate access

apertures is at least three separate access apertures.



the optical access signal indicates a condition of a
substrate, and the at | east two separate access
w@p®snuies are configured by the septumto col PEDUS2001/§13831

all ow transm ssion of the optical signal indicating

the condition of the substrate, the transm ssion being

fromthe process chanber through the respective at

| east two separate access %pertures and t hrough the

opti cal access wi ndow to 2% ocati on outside the

chanber. 5. A gas injector as recited in claima1, )

wherei n_each of the a .
6. A gehTar e 8 SrUHIAnP RS FeOHPRATS b AP AT SaPeLUERE 4R Sptical path from a
process2ORIhBYr Qfirdighfarl dptitdl KLESY whitfovs itdyl GRpAGstR] ynd point outside the

transm tting an optical signal along an optical pq&h niect
process ¢hambsr gnd dBisting arfiFst PIORETUERS 18I0 BIStRTessss fhambets the gas mjector
CO“mﬁ&h dow to a diagnostic end point outside the process

mber and injecting a first process gas into the
privusing configheed: totrieeiya the POeRss @A Chpopsing peing further configured

ith a BOHS! | t&l PERMERE 8 Soptiche window
wits o ARSURGERYS S U BRSE Yook B RARESE i Spiaces
adjacems to theudigignugtic ked ppintical path and nounting the optica

access W ndow.adj acent. t i | C Lt g :
310608 CoRERgaieh AREPlod M ko RRBRRL L AR, P BRI, surfbunding the
optical dgith nadachfigarediwitadi ogidahacess i ared fpatsimualtwheously injecting the

configured wth an opti cess ar.eg for - :
proces SR IPFANE SERIES® FHRE ] (PHAOY D6 S0Log ASoT by ptical signsl from
the proeERCERMR WHBALED Wl opQEal Alcbersiwigdow! tizabptivat signabliadng at least a
~ optical signal fromthe process chanber through the
minimptsignal-teraeiss s2tg (RAR; 2pe optical signal having at

I ?{un?cgﬁﬁ#lm:‘ﬁrl’&' 3B ticndn I 88 BGit] tBe (RN belng fither configured
septum configured for reception in the gas bore, the ical
to dividethewnptioal angessarem tto @ginnaliti efiontisahsigndlAPeHUTsSppactAt the optica

; 6}#&11?3 Sy TR i ' ¢@8S collectively transmit
signal ggéér gsr ggﬁ%egc 0 c?ﬁg tg%lt fﬁgai‘gtgiggtﬁgl%gggrtur es bein Y .
througl ahé iogticaldacsess Wandavhéhe pptieal| acgessnsignalpeaving a4 least the minimum
SNR collectively transmt through the optical access
Wi ndow the optical access signal having at |east the
mnimum SNR. 7. A gas injector as recited in claim®6;

wherein the septumi.s. configured.to reduc
7. A GRISCHBOR BIOUPH et R Gof ™ e i SRR 5 é@?&‘é?‘? §g, reduce the
1ike1ih@&|t })ﬁ &rfaitigA Jf a_aﬂlagmu ﬁﬁshélmipé@ivbrmicd_bsigaliﬂl apeftores and dto provide
collectin articles noving in t opt i t h towar
walls fpneolstipg eiriusev end Seia! BB anrsRe BEPRAEHE Window, the
septund SCHEEHuRiSERAGEhE WRp&ditibh 6f BRI Parted]es o BndRetheiL b thg opfical access
- the optical access window. 8 A gas injector as
windowecited in claim7, wherein the septumis further

configured to be renpvable fromthe bore to permt

renoval fromthe septum of the.d%%osited particl es %pd
8. A gas injector as recited in claim 7, wherein the septum is further con igured to be

removable from the bore to permit removal from the séptum of the deposited particles and

replacement in the bore.

9. A gas injector as recited in claim 7, wherein the septum provides each optical signal
aperture with a cross sectional area less than that of the bore to facilitate the reducing of the

likelihood of formation of a plasma in the respective optical signal aperture and provides the



repl acenent in the bore. 9. A gas injector as recited
in claim7, wherein the septum provi des each optica
wWGae@nalsiaperture with a cross sectional area |BSHUS1ATI013831
that of the bore to facilitate the reducing of the
i kelihood of formation of a plasma in the respective
optical signal aperture and provides theoptical signa
apertures with an aggregap? surface area greater than
that of the bore to facilitate the reducing of the
deposition of the particles on the optical access
. ow.ndgw. 10. A gas injector as recited in claim
optical B $PerHEcS S AP AEELTRALS AUFBES Ao GBSt e 21 hgty gf the bore to
facilitaROth€ réducinpédf th @epositict b1 the Phrtitis drptheipgioall acapssrwindes.
are two optical signal apertures. 11. A gas injector
as recited in claim®6, wherein the septumis

10. A e20fdjedbesk Niidl i S698 $; VABRE BRIGRbhih BEtcRlOEErobd € @Rfineter of the
eéxt endi ng across respective dianeters of the bore so

bore so that the pdurplityr ofl dptigalofigra) @perires prpriaio ebisal sigaal appgures.
four optical signal apertures. 12. A gas injector as
recited in claim®6, wherein the septumis configured
11. A gustihjeatqylas re¢itedyingflaitubewhersin thgtseptu 5l eardigursgd with a cross-shape
optical signal tur ' [ .
compriZfg i isaBt T RBIR 8 (EHRERIS ol Mo GRFLEMQE MR the plurality
of optivi gighiahapeearts ot folnoiceksignalapeitured i n t he hol | ow
body and the housing is configured with a mating
interface surface configured to mnimze particle
12. A ganaftdrar rebiedd inhdaift] Wheieii el @paurs iy Eatfigurad evith a plurality of

urged, i nto contact.; .and the housing is.further .
tubes s gt P BRI OF OR1iF1 U=} BOFTEO PP ORRRS T9pE PRYFA sigoalgpertures.
wi ndow, the first nount being configured to cause the
mount ed optical access w ndow to urge the sleeve
13. A gen injrgtonasapeiteddnslpime® evherels: contact with the housing -
MRk R éh@EEEff@f&eNéﬁfiﬁ‘%ﬁc héflow bddi§SarldHh8 HARin@Sis configured with a
recited in claim13, wherein: the'sleeve is further =~
matingcioteifage sedacs eanfigufadrtotminimize eagitde Bendraiipmwher Hregmating interface
. i 0 a4 s further configured with a
““&C¥$%§E#@kﬁgﬁﬁ#ég&%%&ﬁhe second nount; and the nounted
dpe hoading éx sthenconfigured gath a fisst siamy forthe ioptjcal aceess avindow, the
by fl exin he fI , . '
frst mgi b SO el PR unk M Bicel FHRE PG WREe the sieeve
matingihterfage sutface iatecauadt adth the hbhsing nemting inwtfang surface.
interface surface contacts the housing interface
mating surface. 15. A gas injector as recited in claim
14. A gf”as iﬂﬁefoﬁ??@ 'reditbeéxhelahaW3bwﬂyreﬁxs configured with spaced
irst and secon s iplets and an annul ar pad | ocated,.
Hbb flsere b GpHut egses VAP alSt SRErEIdrRERR TGPR glount
chefinjestor s fhather @GRRUFQNWItA atthRuROmMSINEd dafthe escond @sunt; and

suppl’y conduit for a second gas, and . .
thg pmgunted optical access window mgges the sleeve mating surface by flexing the

flexure, the flexed flexure urging the sleeve mating interface surface toward the housing
mating interface surface so the sleeve mating interface surface contacts the housing interface

mating surface.

15. A gas injector as recited in claim 6, wherein:
the hollow body is configured with spaced first and second gas inlets and an annular

pad located between the spaced gas inlets; and



wherein the sleeve is configured with an annul ar w per
extendi ng across the gas supply conduit into contact
wWOowRaR/0¥31e6 annul ar pad to center the sl eeve in PCEURINE0OI3831
and direct the received first and second process gases
separately into the respective bore and the gas supply
conduit. 16. A gas injector as recited in claimb®,
wherei n each of the hou5|qg t he sl eeve, and the
septumis fabricated from"™ material taken fromthe
group consisting of: ceramic, quartz, and polyner. 17.
A nethod_ for optjcal,6 access .to ess. ev
&ltf‘cﬁ}?er"er@ fr ciniienesk BF Crnpen i [RGB PVRIF ST B8°S SHRPLY conduit
for a seb&fd @REhAG1 ons of 1 defining a unitary gas and optica
access path conflgured to carry gas and transmt an
oyherainlthe derye Tsr ennfigvecd mithead aaRElepVIPED XFPnging peross the gas
supply ggr?ciultt E@& C&R t%ﬁ? tHeﬂan'hﬁFaQ?Q& %o Eéht&ht%e sie@velin AR afd direct the
-to-noise ra for process
recelvcdrfa'bty&&secbmépc@bsmg@epmr@dyfln@mtrﬁmc@@ h@re@gﬁébp &as supply
dui of transmtting the desired SNR that is high enough
Conutf’or the tool to accurately indicate the process
anal ysis; and dividing the unitary gas and optica
access ath L.ur I|t [ . an
16. A g5 rosdnrtadedgl furt e sibedh AERDTIhE 38T fhe sleove, and he
septumdb Ehtritateded S riatetiol takérhﬁ'odi tihe growup comsistiggoifng t he
separate apertures so that the apertures collectively
PRTAIG G I&ﬁg?lmrsm of the optical signal
transmitted to the tool. 18. A nethod as recited in
claim17, wherein the path is configured with
17. A ogffipd 50r SRiicabacasFTRNOSKEP SYBRHE OPTHTIHE 1 Ar9Res Shsgher, the method
compn@ﬁ%tﬂ@@ﬁéﬁﬁon§ﬁﬁ di vi ding operation configures the
rtures to reduce a likelihood of plasma fornmation .
|d¢fmhg x upiaratgas gad opticalgseessanatineenitgnred g carFpgas and transmit an
optical sgé:ﬂrjc%c'o“?n gﬁg ?)%ce%pghﬁ{nbeqq{)tdncérﬁﬁyélﬁt&olﬂ %ﬁ&g&éﬁé@% réBfnse to the

e nu cl es noving past apertures

signal thavinfea dpslre.zhlslgaalewsmlw m:tmN(SNB) ffét peadest] analysisctheedefined path
in.cl | m 18, t ho 1:S4: 1
conﬁglbrﬁg?% Fing <:61P d‘ﬂ es1 13 $IG'§ at?] ts:'}lgéh ]pnmrlﬁh for the tool

to accdritély\/&aﬁic‘éteaflebftﬁbe@epﬁtdlysﬁs&&nﬁO A method as recited in
7, wherein th on is rf
H{)wﬁqﬁ/ﬂm W&t%ﬁag aggﬁflﬁ?f?ﬁfgf%gat& K é)(ljursgg/ aégaagate gas and
opticalOfde§Ahpdrirds ibetveeenhthegi®cessdelnpibes aindamer analesis todle the dividing
gas and optical apertures bein %?Egﬁate
I

configiring the SERABE FRFTRETHY Sogrele PBe w‘efﬁ{f PPl the fesired SNR

of the bftfafEidgh¥iStashshf®dd fohBe @l cal signal having the
esired SNR 21. A nethod as recited in claim17,

wherein the dividing operation is perforned using a
18. A method as recited in claim 17, wherein the path is configured with an optical access

window adjacent to the analysis tool, and wherein:

the dividing operation configures the apertures to reduce a likelihood of plasma
fc;rmation in the separate gas and optical access apertures, increase depositing of particles in
the apertures, and reduce numbers of particles moving past the apertures to the optical access

window.

19. A method as recited in claim 18, the method comprising the further operation of removing

the deposit of particles from the walls of the apertures.



sl eeve configured with a septum the method further
conprising the operations of: closing the path using
w@eoosjp¥ileal access w ndow mounted on a housi ngPCENB2007/013831
m nimzing a generation of particles in the housing
and the sleeve. 22. A nethod as recited in claim21,
wherein the mnimzing of the generation of particles
in the housing and the sl gve is perforned by hol di ng
t he housing and the sleevg in contact with each other.
23. A nethod as recited in claim2l, wherein the
m nimzing of the generation of particles in the
housi ng and the sleeve is performed by providing a

20. A HRIHGT abalhR&D it NBailP U, Nghatid ihke dblidiay eopdriitogds ketformed by
being configured froma material hayvi

providingavallst esnasating §e coWOHEd B3y & riical et dule fitg gas and optical
aperturds® i g&@%ﬂ@b’&f&%paﬁmé@ BEing REpA1AdSi-&iE ABH olikt? anldaigs configured

to collectively transmit to the analysis tool the optical signal having the desired SNR.

21. A method as recited in claim 17, wherein the dividing operation is performed using a
sleeve configured with a septum, the method further comprising the operations of:
closing the path using an optical access window mounted on a housing; and

minimizing a generation of particles in the housing and the sleeve.

22. A method as recited in claim 21, wherein the minimizing of the generation of particles in
the housing and the sleeve is performed by holding the housing and the sleeve in contact with

each other.

23. A method as recited in claim 21, wherein the minimizing of the generation of particles in
the housing and the sleeve is performed by providing a gasket between the housing and the
sleeve, the gasket being configured from a material having a characteristic of low particle

generation during relative movement between the housing and the sleeve.



