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may still reach the collector end of optical viewport 102,

[Para §j In an example, to perform endpoint detection via optical interrogation, it may
be desirable to collect a signal source from a specific area of plasma 104 with a particular line
of sight at viewport 102, The area outside of the angle of acceptance may nclude diffraction
and/or reflection of light from other surfaces m plasma processing chamber 100, Thus, a low
angle of acceptance may be highly desired for optical interrogation of the specific area of
plasma 104. However, the simple setup of viewpeort 102 in the example of Fig. 1A may lend

itself o a larger angle of acceptance.
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ratio of L over D, 1.e., (L/D), is the aspect ratio,

{Para 11} By employing collimator 128, the example of Fig. 1B may have been able to
address some of the issues of viewport conditioning and/or angle of acceptance of non-axial

hight. For example, the higher the aspect ratio {L/D) of the collimator the targer the value of



address sone of the issues of viewport conditioning
and/ or angl e of acceptance of non-axial |ight. For
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collimator the larger the value ofL is conpared to D.
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{Para 16} To reduce the length of the collimator and still maintain a high aspect ratio, a
collimator may have a hole of diameter that is 1/10 of the size of | inch for example. The
length of collimator 228 would therefore be 1/10 of the collimator length required for a hole

diameter of 1" to obtain a specified aspect ratio. However, a collimator with a very small
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collimator of the plurality of collimators is separated by a connecting region from a second
collimator in the plurality of collimators. The method further includes collecting optical
signals, through the collimator arrangement, from the plasma within the plasma processing

chamber while a substrate is being processed, resulting in highly collimated optical signals.



The col limator arrangenent is configured with a
plurality of collimators, wherein a first collimtor
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[Para 30] FIG. 3C, mn accordance with an embodiment of the mvention, shows a

struplified schematic of a multi-compounent collimator arrangerent.

{Para 31} FIG. 4 shows, in accordance with an embodiment of the invention, a

simplified schematic of a multi-component collimator arrangement with alignment featurss.

[Para 32} FIG. 5A shows, in accordance with an embodiment of the invention, a

simplified schematic of variations on shape of a bole i a collimator.



[Para 31] FIG 4 shows, in accordance with an
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[Par: aeﬁ‘POd' %@E’.@E%&hq}ﬁﬁi@xﬁmﬁ%i! 'nbi%‘%ﬁﬁ?»&%eﬁ M 881 AGEIPRANYE O fow
drawi n th | owi ng description, numerous

nmbméxpwt%ft mdfeawai utsmaqdenslm ackomphnying dxmtew%t do predvildeing
descrg it LI aPRAe ThaheyBre’ 5 BHETER B A Rl
undertdading BEHP @;ﬂ.@eﬁttm dhvient HORMIMRYpB& Pl BER-1ES oko\MnL BlglEd in the art,
some or all of these specific details. In othe
that Th@ﬁ‘é,?téﬁb@scmml‘Pd\ktﬁbﬂmdﬁwéé‘éﬁ%‘ﬂ‘s%@[@%\“a%'dﬂdh@ﬁ?%‘@-@ﬁ‘é&‘is- In
other [ha%’a‘ﬁcél% nﬁiﬁ@m g%ﬁﬁ&bbﬁﬁ% aﬂﬁ %? t"tiL'xanx:QbR dd%'i b&gv[d&%nbggé detail
unnecessar sent 1 nvention. alr a T
in ordviatl i snﬁﬂibﬁdtﬂ}ﬁms&nalﬁ& ]ﬁéﬁ@f inbegtidner ei nbel ow,
i ncl udi ng nmet hods and techni ques. It should be kept in

Pamﬂiﬂ]‘d t Ratiohh@nbiuLREk QR dd:6MiedalcBniGOVeindtling In@8h@fk and
manuf acture that includes a conputer readabl e medi um

echnighesati gtonébapkane in naabrhnl the inyserarcmisdn slse opves artkydsny
manu%ﬁ ﬁii gm Pﬁik HEQ”E ‘% ¢ (3(1}0(?1!]1‘ i(@%?‘nfgm&ﬁl Il 0% ‘PH]&H %Slln l T% 1y ~§\, %ggffqg

mput er

m&truSt@:msCf@zrkdmmi@’ i)ut@@zﬂ&ﬁmem;b (Ef'ph@ﬁi&glﬁt&tcl t(‘x,hn&pi}elaw&mrndr The
ot her forms of conputer readable mediumfor storing
compaighisatlaie pedggbmey sudute. K CEHBPLE. SCRECHYEAT. IGHENARS Opto-

mam@ck,sg QY &y 0‘3&9% s$FCamb g&re; RLAGHL G009 1?5‘;999{: B W Sipfer readable
% ll( e circul té,

nventi on. ch apparat us may I nc
code. dénh 8tk naﬂdi{mmmr gy anrabbey dmzm.‘\ d‘{a‘rmy& t@uty dlﬁ&ﬂdsnmns of the
g ni ng to embadi ment.s of %ﬁ tlon qﬁ
invenfiE. ool SRAPARSCUY HETG LGS JUAGRIR Ot b SEETEEpYF o camy o

tasks AR B ARVEALAY of ARAKE dnfi8n d EX%,{S&!@%F&CQ RRFARGE Al a
general-purpose computer and/or a dedicated computing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the vanous tasks pertaining to embodiments of

the mvention.

jPara 39} In accordance with embodiments of the invention, there are provided methods

and arrangements to unprove the efficiency of a diagnostic tool to perform optical



programed and may include a conbination of a
conput er/ conputi ng devi ce and dedi cat ed/ progranmabl e
W@ 2000103933 adapt ed for the various tasks pert ai PCTIGS1008/066706
enbodi nents of the invention. [Para 39] In accordance
. owith enbodi nents of the invention, fthere are. provided
eI RRatRY GorGN QEW%@@%WL%HMM PR gf e dieREgn giclude
ampl fgn Y da&ﬁﬁé Liof aﬁerQ)lkat Rahh ﬂi@ﬂ?@tdrfé@hinﬁﬁ(% E@%ﬁ:’x anr 19xf effective
| asma during plasma processing. Enbodiments of
mpm mue nBiv ettainigd higlser eﬁiptt@yei PR TBOl, Icrpihaﬁmr aamsmmwnmtv protect a
i gral i.ty ( i mat ors ) .
viewng g PPad sapb ool o Har R HT MR RaR: Sr e i
light tB&NE&dhes Al bQermalibhdMBleurahbangenent may protect a
vi ewport from being conditioned by plasma species
[Para¥d]| € @ %U&hﬂ&i;ﬁﬁ@ll AU mAb: &drulrbSt hhOR cddt@lired to have two
reaches an external signal neasurement device. "[Para
collimd@rs bepagtedembo dimmenting tehenc ok hithtromiadmangermen tolbfaptor may
ur.ed ars se arated

be nu@gﬂﬁggl{]}; ﬂb\d}sguguﬁ 6rfumllhma\|ﬁo&lh grm%i@é(df%rﬁn fog égwmﬁ,ré/hﬂ?‘y feasible

%spegﬁ‘%t JJ' Emp%\ IRY (RRpbALeRE AGLRhLEMIFBSNIARE: L@t dodh& b egion,
i ghest cost efficiency and/or commercially feasible

the Loélspé@f argEwenByapboutildimihiavd ep erdetie kifedtichispreabite beyond
the sn%f;?ﬂc' SRk QLS su%{‘é?{tgﬁ as %mﬁf& gthl?%i?ﬂmmtrhe col | i mat or

n errent Ieve an I ncrease

, fect Lve as rat.i o ond

(Paraglfys of 1 SR EbenT B ol RO CuE BT et B Iop ParL o sinele

unit. IaAnSRRQEMTBR ol RRoCAt L IREQ AT FANGSRALI FBY: R8tiple
machi ned from a single uni t. I'n an enmbodi nent, the

wmp@mnm rﬂﬁn@xcoattnaﬂgenmftnﬁatyln@eb%mﬁ@wiﬁu@teédwfw wmality of methods

p e gonponents. Thus, collimtor arrangenent mnay
to at_hzms;, synlat 1
be rranu ac ured by a pl urallty of methods to achi eve

[’Parasr%}:’]nt i a l'biﬁﬁ%gﬁ%{w\’ %%Mﬁr ?{.éxf% negt ?(gat’(’}é}% ﬁ:tmig% Y e&h AEppment between

a piur@l@cﬁ \ﬁ@%@ihﬁmﬁﬂ;r‘# hﬁk bk Yer ﬁf‘*slciﬁ’ LéHiMBhO AR Y:pRE] Glehkl iGRhsityn
achi evi ng )ge est optical signal intensity collection.
I

colleckipnahy axampipes. thewligoptor wmltmnamrlan‘gbmt’nw yigh keying
featur gh%l) %%ﬂ cﬁﬂ;{x V\élé{tw h iﬁ'e(X r«%ggl% g@@&jﬁl’é}%ﬁ Si%gH%?g?‘Hﬁ‘" B aﬁ%&%mdm}em In

an em@BBiRthRLIinhdoeR eftedicipabeni@citilatorahangdnienaniy bk

co onents col | i mat or arrangerrent rray be confi gured
Lonh,wut with povesBret dagede sllowdpr Givstasionaly miaiionn) :mq!a}; gunballing

m.etm tHaQﬂ‘alkL q/fgftmg' QP@% r'118‘9tnq91tt {zmi a%xmtﬂ@(t (ﬂ%ﬂh@( b may be

a ures-an novenent stage,
perior@ﬁdl%ﬁi&tﬂﬁ*&_y mmyo;imenmpémnmdcas necessary for opti mum
performance. [Para 43] In an enbodi nent, each

[ParaCil | | Mt OF eliBYdiRRNi, BeRnNdeRtt a¢ 00 iiBPERInTOchE®red to have
hol es of different dianmeters, |engths, shapes,
hotes pagidierang dfamsess. denthsp pth@éwémgsm ﬁ@}ggpw p&aﬂemcnts, popuiation

densities, andfor diameter distributions. By having these permutations of options for sach
collimator, the collimator arrangersent may be optimized 10 atiain the desired optical

coltection efficiency.

{Para 44| The features and advantages of the invention may be better understood with
reference to the figures and discussions that follow.  Fig 3A shows, in accordance with an
embodiment of the present invention, a simplified schematic of a collimator arrangement 300

with two colimators,



densities, and/or diameter distributions. By having

t hese pernutations of options for each collimator, the
wa@eiobiossbdr arrangement nmay be optim zed to atPEI/NS100&€066706

desired optical collection efficiency. [Para 44] The

P S e A O e e Th 80, T 8 et LS

wlimﬁ:‘té@%s@apﬁmnﬁmgét %(f)@lnka;p"{\kcaﬁugw ﬁﬁaﬁha‘f\@'bcbi}aﬁg %@raQ%ﬂPQrm 304,
an enbodi nent of the present | nventi on,

Void srueméw friag dbe somidgraed © lofve a sbdl Fihavond wrid an@eﬁé ¢ 1380 both

i th Il - i .
- W El . tV\D }S ’I. éO!‘S b ‘é 1— (0] |é nt} a’
SepArligTAPRAT B "H?‘i"é“ﬁ‘*é\?ﬁﬁﬁ”%é%“%{}“ Do 0 Eroar s Py
colli ors, first_ collimtor 306 secq

[‘Pam%% i i apot ’iGm}‘%gfﬁ%‘r“ét‘é@‘IB‘;}D%\dIVBllwaméWeé)%Sb‘H’ahW“&Qm{“d such
that e@d’!ﬁﬁ RO IRYoRE reQREIIE &% 0k AnBAY S B8 B8k }i Z1@rgqund

void area 304 to retain both separation and
mdepaidegnimsen behwsembéd ofdtolaotpaiintron . Godewnd! see:bélnﬂ:, length of

ncollin tg. 6.. [Para 46]. 1n another, . enpodi r(ent v )
collinffi wESh S ansaneiot Bhi iR ek COHFRGE Piad Tt far
flexib@AE h @fsidan@ideRlchétOREAQNSH of bdIBha®e bRk 38BaReH A6 specific
second col | imator 316, are independent in termof the
applicatioaeedaf hol es, spatial array, dianeter of each hole,

| ength of collimator, and such. The i ndependent
{Paraf4gat ur ésantxaeedh foeldolimatior 3(tapaphov st gre- detelmined length

flexibi.li.t n.design,and u zat,i on
310, agi iy e G arASiGRNERY R90hehes TRk b Ry Jfalire dgtermined
diamedRPliD Gat d20R hore dsmithiRAkachdlcolinAR BB fro hdveStsecond pre-

col | | mator 306 may have a first pre-determ ned |ength
detertgmed leaatha¥ilayn afraaoly yesondpre-dgtrmpmd membaunbleresolls, and a
sewnﬁg %gﬁtgl'lgig necgélﬂgﬁn?tée? 'r"ﬁ'§ o E%xg}n !g)% e[ {n}‘&e anﬂ' @\}Ez‘iﬁ& 1%%3[ h£ Rlachined
indephaNatawshe @fﬂmﬁﬂl@p&ﬂ‘et ionnede | xﬁ@@bm ﬁ&&m&ﬂ cadioRYic @fw} a

second pre-determ ned nunber of holes 308, and a
manuRERSHE CPREUIYEL-er mi ned di aneter 322 for each hol e.

Hence, each collimator may be nmachi ned i ndependently
{Parat4$it he ‘Smcg messhingrepeepebifint ey bedsiliming ecaponbotistdrio
nmmx%x%{m &l - mm&n Cﬁ 'ﬁh g%&?xc;ggga%ugtﬁchﬁ bnlgtB 28 % !E lrxxli%!r n%ct% . r{fhm‘idtgl
sepms&@iﬁ)m@meﬁnﬁ iaatdfatiobyaautachane pmlelsy AIRERITSY N&%&dﬁal&nﬂb@& in

ect ratio, the ability to_mmchi ne each col|imatar

aspec %@E‘ér Aberiprasee tHafecivg wspactraiihatieaonlihs pathancsic spmetabe aspect
rzmos% 9&%‘%’% 13h1Qvs; i«fn@ vel hﬁc t@habndyl Sf Sﬁﬁﬁdfap dﬁ%ﬂx‘iﬁk C]{ ﬂLd Rav place

increase in effectlve aspect
an yp@rritinhinet the «Sironaf aspbe ragpect ratl os of each
collimator. However, the total |ength of collimator

[Paraddo] angeRBAb w3 QOFFRYA pihd @&ealicURPEI rdtoifcolimdifiCarrangement 300
ef fective aspect ratio.
may be between the sum of the aspect ratios of the collimators and the aspect ratio determines
by the total length of collimator arrangement 300, Consider the situation wherein, for
example, each collimator may be machined to the commercially feasible machining
capability, e.g.. an aspect ratio of 10:1. In an example, the total length of collimator
arrangement 300 may have a total aspect ratio of 30:1. The effective collimator aspect ratio
may be between 20:1 to 30:1. Henee, void area 304 advantageously increases the total length

of collimator arrangement 300 to increase the effective aspect ratio.



[Para 49] As shown in Fig. 3A the effective aspect
ratio of collimtor arrangenent 300 nay be between the
wWamwobsovhe aspect ratios of the collinmators apdr/ukmos/066706
aspect rati o determ nes by the total |ength of
‘vﬁ’l it or arr angenent Consi der t%m tuation o1
Paragll of i COWRSERAMGH &L @ Hﬂﬂ‘e’o*’i‘mf"r&ﬁ%‘r“ el I‘%i"‘ﬁ’éfdhm
LH‘LL[]:\Q A ht CORMEL Chraddkymhe @ﬁ' Iy b{\ ﬁh&ﬁ%ﬂh e LRADARY Hdﬁﬁ(ﬁ&aurmv cost
e.g., an aspec’t rati o of :1. I'n an ‘exanpl e,
and/ot mmhuttceh@x hmeor kokthi bt emimarmdngb n*émmfe@spm*agmlhaméhraamr
> ve .col
arcands Bt 3OPIRRY bro ot e o Fofidiged B ol oS e
qnama&e@“ 30dic g vanhageotslive bhgppases the total |ength of
col li mator arrangenent 300 to increase the effective
[P nmaﬁl? ect pfabko;] AL Aan®wiiafoBbodfeni & RE hﬁ%mﬁfnt shows a

I i mat'or arrangenent 300 nay achieve very hig
stmip éfxzﬁieg&qrm@maﬁ pemnuﬂx&m: opilimagr artgng@'@e@r 33thads 38wy in Fig. 38,

o wi.thout incurri

lm.‘)lmrm%{r (a\gtnlll&(gf Ellé%l? 4&%}?&{( Db!inghg h(gi:ﬁ‘n It‘éig\lsﬁléé{} niﬁ“d ﬁié\ﬁi?@i b .zmd a

secon@LhiGtah S 38 SPE&h dhalfich o GRblel prBLYT n@ﬁér@@g?ﬁﬁncbiiﬁ@ﬁmw and
protect a viewport from being conditioned by plasma

second peldinssoraiii e spratagit nga Mwangl region 3t ceptiamee drongement 330

may be'fﬂt d%ﬁta%b%%@na% F?whsan 34 getr{ftplg‘é\ ﬁ'% \Iﬁa §§ &b%ﬂ]ﬁ\? ik dé ﬂum souree

from &cda;e AEehCofQfon fediap @&g;@hsm m@ﬂhnmm lbe@ideA RgeR®Ndo! 1388 ed pieces.
As shown in Fig. 3B, nonolithic collimtor arrangenent

[Para33) Mays BR ieeRhicauied ot 38 Edifishice QlrhhdBRt0F 3 8BhaaBe
a second col i mator 336 at each end from a si ngl e

machippd oot singit anita an gnbedimeol. | Hirshedine82 334 dnd srond collimator
336 mglg ljr)lu n&.? ]m_d n%aﬁ,}}u‘[ﬁnﬁ egi’:l trt,lar%ed%lg% :mm%u 0 ¥)ﬁs{sn%1dl¥:glg}tn ay, d.mmuu

al rangeren

of cac®Holy, akthafusil ngmasan& Sl ﬁlV'ﬁﬁibrd@]h&S»m} speabadiment. Thub first
unwant ed | i ght source fromdirect access of connecting
collinggyi ‘R asé BEGREE KPR Y u’tmb%t\v@ée‘ﬂd’f‘ﬁéﬂ’#% e Mo cespect Tatio

mexpﬁ{sﬁ%ﬁsh >from (R0 Gemidhattyad ahgtég ”ﬁﬂ&ﬁﬁl‘:ﬁﬂ QL clf ¢ (g}m‘i%%l may be

or arrange be mac
mac nmah gi atagnihe hw’mamxsm admrmmlbkm istiaealfitharat moi%ﬁ ha@and

meur il?lg‘?f%g) ?aglf 1|,p|é§t ??r{féigfs Fr[%éhégnggggglt]&ggmgg qu ang gfg.:l?lgg @?iﬂ mator

336, Qf1 uﬁ'@&!hcunﬁxl“@mmlneﬂgti 1 OfchRRL Il {E@F m@? gs&@@ﬂlm'ﬂﬁm posxlbk by
accordance W t h ‘an erbodi nent”, I rst col 't mator

conved8@ua nthcBieopnd acoidlé neltiort336 may be manufactured to a
noder at e aspect ratio i nexpensively from
[Paraciventipionidy, lopllawadd @bheeteal380 milytheraatdly edl yi pieacdt material,

col lLimator pay he nachin dtoat nthe hest_ 3
s shgpat [T b1 BoheuCrBTe i o Seabe el 2 o eatrared by a
Lonne\i‘hﬁ hf?:'flton' ﬁgu T HH gm@&&ﬁﬁkﬁ %HE%‘EQ% dewmv‘ﬁ\ﬁe;ﬁm T;’é/l_'nachined to create
nbi Al ng first collimator “second col | 1 mat or
a m:f;’(}B@; 34btbhi way oltovafer a«ng@smimﬁ \*3@1(1)?& n&ymamm el/igethbglvern first

wlhn%og ﬁ‘?ﬁla\ﬁg Plgc;t hmjs %I 6\n}f§f 8‘9‘3“5 153 m¥c z‘fx%ﬁ%f fn cgl?l?n'xtm 332,
second collimator 336, and connecting region 334 from a single unit may be the very high
control over the alignment between the collimators. In addition, connecting region 334 may
serve as a separation for the two collimators and lengthen collimator arrangement 330 to
mcrease the effective aspect ratto. Thus, alignment of the holes between the collimators in

combination with high aspect ratio may provide line of sight with a small acceptance angle.



[Para 53] Initially, collimtor arrangenment 330 may be
a single solid piece of material. As shown in Fig. 3B,

w0 2eogmos9ed | i mat or 332 and second col |i mat or 33PCHDS2008/066706
separated by a connecting region 334. In an

¥ mc{,';ig? Ie trl]xg;ag‘,laggﬁg\%}ogngﬂfaff ie%ﬁgﬁ 43&%%&%%}({{? a\e eden td?su:s%ed i
the in ll{kfﬁttl@ﬁﬁs'nﬂ Yol Whlanlin@NSM 1§s“§!‘&9>n1 ks 1&?9&1%{1@%%%“’({&&@
I'i mat or 332 and second col |'i mator . “advant age
a@;}eunﬁtzmh@lmmnglq'tss xnemmsnr&ateamkesﬂ tl‘xssetagrhawcwlurﬁm of
ng reqi 334 froma.single. unit
collinfiing (o VBP T h COURERGT- DYo it N SR BHEAF Bt e tle. o
user 1&“&1&@@ |*1|Lblmﬂi'@d$xsmx anBeBstdiilONshoBRARERhEAGT HRA fORmM3BAoned void
ifl serve as a separation for the two collimators and
area. CoHyRHENAEBIRENARIIDRY @T?@ﬁg@fﬁéﬁ@ hggothrag ar m@ﬁ@ﬁ@‘éﬁtﬁm i the
3ame Eenu& 1Ct)tf4i§\{€i ﬁ%?e@s?eﬁt}uuﬁ@{uﬁd arieﬁusfh% 11%%3?@9 { \ch a@g Ihgi%» een each
collinBspeat bead ditecivgly M@W(ﬁ@ttmmau@ﬁh@mﬂhtﬁthIle the &E@tih-‘e aspect
. _acceptance angle.[Para 54] Alt "hough col | i mat or
1atio. arrangenent with two collinmators have been discussed
in the inplementation of Figs. 3A and 3B to illustrate
{ParafiShet hbtk. Pér ivarceaidanergyth gheebedivepied the peertiqradhoys a

h ,
sirp gleg ﬁ{}}tﬁ:ﬁ tl‘?)‘}gggﬁgé Tclolﬂn%. 1{% i 28 1@%6(%“9:1&&&@@%}% a%baz E@Xh&\al\( fh Fi 8

3¢, n@m L(hﬁﬁhﬂbﬁauiﬁﬁmﬁ)k dﬁﬁnlahﬁ:nﬁ“&h@h} 08 coTBIuddNwith @first coltimator
,co  EXxanpl e, a user need a col|imator arranqerrent Wi th
352 \%ﬂ S HEPRS ARIEMaER g*ﬁﬁ twoslﬁ@ngm%rh AR BT Bhederps) puaipg 458,

Col | i mator arrangenent may be configured to have three
{Paracte] nor dssbiwe mtmn@pkﬁmh@og aibig. ehgism pftiipgeor 352 and second

coll “‘i%{lﬁgg%ggpt éegnl%ge s h?g!?%’n 10K ilt %J%}% mﬁ étgr x?lax E)h?n ,ﬁ)mgd

n eac een e

indepéRBudedth whhhethe ﬁtt@ﬁttfdm@mb! %p'iﬁi\if ek dignthe (}EMLB Q;bk\/ ®ngth of
aspect ratig, [Para 55] Fig. i n_accordance with an
collimaiornidipel. dhus gech sollenRgtpomay §ﬁ m@ghsgu@;fqﬂﬁp ifghsy attainable aspect

ratio eMBhig. of;@ mul ti-conmponent col limator arrangenment
gég ‘gg‘s (hovsn in Fig. 3C, multi -corrponent col | i mat or

[Para 'z’r angelne 11 ng‘fgme }‘llalet Conadtgy Kﬁdfm %%0@5%11 1&%1\1% 1‘\(% may be

coI e col

mounteﬁh@zo&:@ﬁhelmﬁ e@fergn h@kﬁ;ﬁfi B . lbﬁelﬁzlah@m'\iﬁ@ ﬁl&ﬁ’&{xabe%ixpiﬁed to
shown in the i\rrpl ementation of Fig. 3C
wfamcéwwmwd Qelch ‘éﬁﬁ%ﬂ@’éb‘tﬁﬁ‘& t%‘b‘l‘-‘?ﬂ*%‘fﬂﬁ? us@seuawi@é@ar‘aﬁ e

amru‘H&{{ mc‘xui axeillmg %t \KSQ@ Hm%lﬁl J 1@59\[ ﬁgiqu ngthen collimator

ependent y In ternms t'he "nu
amm_namcas33(smat1¢ra<ksnam@&cmde astmt.efauo.f each hol e, Iengt h of
collimator, and such. Thus, each collimtor nmay be

{Para8¢hi ned showh her il ghiedt aaﬁmﬁérﬂ@bhﬁxit&&@;&ﬁ@m’m&td} fmatora
reasonabl e cost. [Para In an enbodi nent, first
arrangegien| frft vey 8% Qtia%‘(fdé'-écﬁﬁﬁm&‘&l olihetbeds. 386coruganse with an

cmbo%iﬁjﬁ 0t &dﬁ hk BLQnE&C tlléggd f@afmrggs Glal %lc xggﬁ@{rug(ﬁﬁ?‘ge limator to attain
ternal housi ng

alignment. In an example, first mlhma{m 352 may bL Lonhumcd with a first keving feature
360. In an embodiment, first keying feature 360 may be configured at one end of first
collimator 352 to serve as a depth key for determining the depth of insertion mto external
housing 338, Alternatively andfor concurrently, first keyving feature 360 may serve as

rotational alignment key for first collimator 352, in an embodiment.
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retain separation and/or alignnment between the
collimators, in an enbodi nent. As aforenentioned, the

waepanetddn feature external housing 358 may SPCWES1008/066706
| engt hen col i mator arrangenent 350 to increase the

P am?"{a‘l)iegf :r\égﬁﬁzg% ’t%g% W F&{lt}?ﬁlﬁt&%ﬁa@ﬁ?t t@?ﬁ!ﬁs;gg%qu{n nl\ﬁingi fe%t%i’e{q}

may h@ﬁ(}ﬁﬁgﬁﬁﬁ@ﬂﬁ i*@@gmfrﬁ&xshﬁ* ﬂ%h'i‘%‘r’ @Q&r@gn ke &'@Nﬁﬁkéﬁﬁﬁr szmre 362 may
hods. I'n accordancé w th an odi nent of

be comfnueerd drothe ey ﬁw@x:feememee‘(%mumw e éomia@urbed»ndmeauw feature

apn oCOLLTMAtOr ;1o atta [ first

362 ﬂ}s’«aﬁ}lﬁﬁﬁﬁg}ﬂ%\sﬂ i »*Eéﬂ%ﬂf‘fqg 8 P A ERERLE. ey ng

[‘Pam%%gt @Lxéb%ef\mgméﬁmg% L ;Léth]éibg?%tmfch%ﬂm a%ifq%%%&%%?n of Fig.

3C to %ﬁ&uﬁfé a?z@fﬁt\ﬁ@maﬁ&%t Q@@Ex rkeki%)f ;ﬁé?ﬁm@e&ﬁ&”lrmnn&n&h@ HQ%RIHI& the
inserfion into external “housing 358 AFternatlvey

same amjttno:hh‘c@ntimmmﬂbyq igfoinregit arkByn degtif !eaumgrmd‘@@@} hmymployed.

serve as rotational alignment key for first collinmator
[Parad3B?, | McamaBplodicodntathRaraes8totithatacgonddac e pirdlity of

colln 3ot L yEmbod: PERt. of, (G, Liwenti an.. Keyi g Loatut eCe) cosiy

coll u%@nm;em : S840 mkl@mgw 884 %&ﬁmﬁ@% E@ilf;mtlﬁd Qe 6

he in er surtace o é& t er nal ou3|ng
wquu&i :m danbaricdle cppokekeydengt § emnaiﬁﬁﬁrem‘ﬁ ﬂzkt&mm:eesmpic

a8 I, ed as. an alignnent and/or dept y| ng net hods.

wansi R S i B oy P e b Rl AP S S s

s,hamibﬁn ahhlﬁnbiﬁp lremanhalyk OR a@forfli@e vl dnQuhtlddusdd @F Ghe invention, a
al i gnment and/ or depth keyi ng net hods, ot her

simp!idied apporrsintod aimybioehwgnei soBammeoramanprmelit (4 &h erith alignment

mmrgeatures for alignment and/or depth keying nay also be
errpl oyed. [Para 61] Cenerally, in a collimtor

Jiangement  t
(Paradgl 1 o5 B L Rt So i raahedhe 00 ey
Lom‘uki@ecpﬁ ith haalt HOmAR 4RI FsE SNBhalod UBNHL e CBhAGES Qbe fixed in
For many of the optical interrogation techniques,

positigfdidtivate axiasgbhdisingsiOzy e&trt@mnmtﬁe ol ofi caknsne X@mmwﬂ"’ a
5&&0318 BB]?I%M?{)I —ﬂ}g%%\\q; 10%1&&(}:: 33 Hl%) %’{d‘l Ttb%ca# m“ me

macr oscopi C trans cont

Movehid@t fililed 408ahdy Bt OITigassedRllywisscondReBRMY: nf(mrm have lmnslaumml
_crosschanber ‘ali nrrent Fig. 4 shows, in accordance

motiogy RoptigR R, B FMbeRBSiHIERE i on, a si mplified

schematic of a rrul t| -conponent col I'i mator arrangenment
{Para(680) wistshowh |ngﬁv;gemmﬁ)§§txgm.é g‘;mt{opar@\ gg]iudmngnnmm along x

d}i&ut@;‘}m@e 7 16”1%;0% u@gégﬁ{%o %1 ﬁpeéu i F‘g# npétla ?@t\zgwljl% % SRy iﬁél}lg? &m,m rise

or cot@@®lcl JR e AGENIRY, b eIty R ®(428) fak@d ckfernal housing 402.
position relative to external housing 402. At the

Gimbylippsiatien @mﬂ ipgludsti @maﬂf s¢roug m@tmm 404 asmegng arbitrary point
428 mC ol l | gl?tt lflm %glg;gt #Hon ﬂfnile nl %gcond o fndIRY, Aﬁ%emg\ §e 9%%& led in the

X dnectmn 420 andior y direction 422 around pomnt 428, Furthermore, other methods of

moving second collimator 406 may be employed to align collimator arrangement 400

[Para 64] By having the aforementioned alignnent capabilities, collimator arrangement
400 may be optimized 1o attain the highest optical signal intensity collection. For example, 2
direction 424 translation may be employed to fine tune the length of collimator arrangement

400 for specific effective aspect ratio. The higher effective aspect ratio may translate to
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Movenent stage 408 may be configured to all ow second
collimator 406 to have translational notion,

WO 2a0a0d39m| notion, and/or ginballing notion. PEERUS2068966706
As shown in Fig. 4, translational notions may include

novenent aaggi; x direction 20, v dlr?ctlon 422, and
smallgiacei PR PR O RRABFEHAP VD EN IHﬁ‘)}D‘ﬁﬁ*c‘F‘ﬁ"B’é’*%I*%‘ékwﬂé@@“m‘
may h@r‘n %@HQB Gk QGHWhS K1 STRYETB Plhe h%&b%@f’v‘! 3R q}rQX()ﬁﬁnzﬁ&g-{(ﬁr andfor
around external housing 4 G b
<ec0ndrotalﬁmmm'awm fot erdengtlie.Isedang c@ﬂﬂ*&:é@lom oot bé rmztt@d toecitic

.arou n ar bi rar} oi nt 3 space. In the . .
angle BB Yo Mgt gredti S oA siebER sh dhe OB Er ssrBrab e ot
pmmgllanp@!‘ laeghthn the x direction 420 and/or y direction
2 around point 428. Furthernore, other nethods of
i ng I {§, an), . 3 W embly
IPamrg%Y —}%ﬁ?@gg}agﬁ é}(lfe h{éﬁ&ﬂ{ i 1(i) %g%{l a&gﬂ‘?n%yﬂﬁ}gg‘i’!ﬁg‘ﬂtﬁ{]g Qtsscmbly
may baftlw émnt Aomederal i gnipntd mmab iskéwt isesslaaolglafmatiadar component

arran nt. 400 be optimzed to att |nthe hi hest
from "Bb'l“f@gfﬂ?gi Y mmrqr? hé‘F"(’*‘ymc‘ble dipiigipd %3‘ HaisrEng ﬁzﬂ*—'m 400 by

empioq&lfﬂet‘lr‘\@ LY 341%?0 xtn[) lagit Q&Dﬁr@&}ihﬁamb@ﬁﬁﬁpg il 1S pBHﬁ‘@m& in
engt mat or arrangenent 400 tor specCif
space @f k dotitum fé,?§pmdt} :hafthm 4ZFhe hi gher effective aspect

ratio may translate tosmall er acceptance angle for a
{Parap@ft | clloasidaphe s;alaupatu}he;dim fanadheite, exang Ice},hmamr 406 hias been

rotational notiag npl oyed to fine-rune
deter3inpd HHRAE agkey wé ‘H“’é‘l“é‘éetﬁ‘ét‘ m@ﬁnﬁ%"eﬂ&ﬂm 1 fatep 4&@4“}!&%

wu}n@@g{ 19(&&%%@%}&%8 it é@?aati\Q[nd%udg%mﬁrﬁa’@p&ﬁlmﬁﬁw‘f Q@@max be tilted

I'Tmator 406 may be rotated to a specific angle g
5 nun@ﬂﬁﬁ:)pdsrbwe hetigptiom#lo diccepeniatnir dfe ﬁeghﬁ%x\mm;ﬁot ihg the

owest .acceptance, angle for a particul |

eimby GRS SRseRer Pattcre Bre-BuRTlr o Bl biehmen
relatnfélib'%ihmﬁ@;fmﬁﬂﬁﬁ&nﬁ bbUkit capmendt 04may be the skew. As
the termis enpl oyed herein, skewis a slanting of a

{Paratgpu! ar\sqggg?ﬁ&%% afﬁr%ﬁ[&x%@'ﬁ%ﬂ%@@ Shbad Qlfulmllén@ﬁreth-g §may be

skéw may be fine-tuned in collimator arrangemen
empldyyd englaay bizgett ketigil mgabll !I\Wg‘»!l’mﬂibﬂldl"ofot B It isecmpdncm

LOH““}&“‘H.“F@E?‘%{S‘?& 0 b&e&ﬁ%&?ﬁpt@:{ rﬂé%@ ({}r@ﬁg;&txﬁf eggzslgfla \g%ls gﬁ empiawd to
anngél'&v?:'u@tﬁﬁn&muSdtﬂ @ cnaBr WBHRIOR arr I\fﬂfﬁiﬁ%ﬁﬂmt%’pl&ﬁﬁﬂnﬁ
col I'i mator 406 has been determ ned to have a skew of 5

collinmidrbi neters (mm) in the negative x direction 420.
Si nce second collimator 406 may be tilted around
[Parach8i t r &ry Spoibotvs A38ccadhidck rathom dtif dmayntd td invadiod, am

03|t|ve X dlre 0 to c ensate for he
S A S e R e e
coll 11'1{13% SBYRHESs § ket bingdartidi@tdal kg RilORestal bOAble that has
nment rel’ative to another component, e.g., first

been 3@(@1,\? wrtaglﬁrthmggh 2 prRegral. 6Hpwaseti qiqugdmgpedm ped and the available
me{h(gl b5 bmmg Gl% Polg%gaqot'x G avxa'trxin ran smpg e B Qtdﬂggﬁ A limator
505 shows a bole with an arbitrary polygon shape 506, e.g. a triangle. In another
embaodiment, a collimator 507 shows a hole with an arbitrary absiract shape 508, Thas,
depending on the light collection needs and the available maclinng technology, a collimnator

may have bole with any switable shape to optinuze for Hight collection,

[Para 69| Fig. SB shows, i accordance with an embadiment of the mvention, a

-

simplified schematic of variations on hole diameter tapering through a collimator.
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enpl oyed to attain highest optical signal intensity
collection for a nulti-conponent colli mator
wa@eoangesent . I n general, other nethods for al PQROEDE066706
may al so be enpl oyed to optim ze optical intensity
col |.ectjaon for oII| or arr ement with a pluralit
Traditgna mﬁu fgges ftwiﬁalas}w*w @t‘%ﬂgw% oREduse hele o e
diamdMriifrod ﬁ&ﬁ(}q}l{@ﬁ?m{%ﬁroﬁﬁ@ tﬂzr]{‘ﬁﬂﬁ b@ﬂm e,%lircrﬁm I v@er, the hole
schematic of variations on shape of a hole in a
may bedkpereraodnye i%marémnphelcnw del $anpanors SODr slhmnfamouh
may be a

romerpb i gt 06 “Blert BB Gs PAPGHEEHY SBGT 47 it Ta

& endj.n n t need. and the ayai
l*’mﬁﬁ‘ﬁfod Atéf“ﬂﬁ\g}‘ *h g“’h agea COZF?F‘BT“é ﬁ@ii’ ORISR B3 L\ lfn“t‘ Pag gd a first
hole @h%@g Frdt Ui ARSN RN FBRMa hfle S04 b JBIGR A0ReRDWGe %tﬂ%%@d In
an arbitrary polygon shape 506, e.g. a triangle
an Lnﬂandlamt ey diembied Bt fiola S¢8 kay hatlowesbFn s‘mmnaLm second bole

<14 ith an arbit ract sh 5 Thus, en
4 B e dmee B NolBTs R tecdal Bty MR arel bt R A
aemea@ﬁmd}hﬂgm&%m%owaﬁla@ﬂtw&ﬁh@r nmay have hole with
any suitabl e shape to optim ze for light collection.

{Par a[mr a @9111}(:1:1‘1@9 enhRARRANS, cdifinfAGE Q"(ﬂﬁn%ﬁhwﬁ@ uﬁ?xw on one end a
odi ment of the invention, a sinplif schemati c of
first hvbﬁ@tqi@ﬁssmﬂmﬂkﬁeh@mah@té strmgknemmgh t:fbﬁhgugh 580 to an arbitrary

deptl 0 h?‘ oulé ﬁn ﬂ%l %IFrtﬁ?@E?a"lf‘}lSy‘BPﬁWé gncgfnﬁg |’»g£ \5\? # ?lgcrgg mmete; may be
bored AbrAIVRE SFodcROHBRROLID 18 MEkSs @A Bkrab PUO 4 NG Jh@Moliment,

of the collimator. However, the hol’e may be tapered to
collintssr e 28 myveraye u‘lp&ﬁw&lmﬁﬂ‘ﬂmrﬂmmeter eqorfiiFindus2 bl weond hole
328, Q%Lg\é}(?taﬁlénlflto‘gt.?%}ifafgﬂﬁ %\&i ¥1(5§]~a(}1}§%113%)L3S i1 Zli.e{if}l{lg "a”. a-filglol]fm hﬂsﬁhi}n
526 aﬁ[l'@i\/\ﬁ‘ubxm a&b@yayﬁ&ncamwmlumt @tﬁb&ﬂ;ﬁzebts configured to

have at one end a first hole S12 of a first dianeter
{Para@g @ se@eld Rl b4 bohy AbRAE ORY Hi:AKBE & s Rile Ih8ugh a

ot her end. In an enbodi nent, the dianeter of first
col hnﬁs@n ea gllRmany ne leateganed wath hp lge Qgﬁuaw@fi & cgifecsbgdy depm optical
path ¢ rgluéa gil &0 tg gl ahﬁlngpg%mg@%%e ﬁ%ée ang légf\gléélx %%}%ntsr%: O cglhmamr
assembONtetiiid Ui fodRRE DELt dbcranc Sidn®d gbltrabapand, RGsta, [tRAIEN

71]. I'n anot her enbodi ment, a collimator 520 is
a.spectcx(ij e Horeuer aldiaenal Sahtomanadencs apgles bothgpallgnar lamerthan theta,
may | ézktljl uiqgr%ﬂ?r ch %‘r g*ron g, aEQ Eiﬁdgo x&ﬁ@%%l}]xgﬁ% Hﬁe}? gt{e}mg&ll hBYARe. This
add txemii Isowaé of of52Ris iaghsﬁmma@bqhmkqe 1628 ol raqiies cmdumzamt evlethods

j u\ﬁ eg_ str a_[ ht throu hg}i?l i mator. 520 't f
such ‘§éﬁ’é“’ PEidesp Pl HOBEHE Tapsty FAdiRatordy ‘flsldFFa’t“ﬁ}r“f
manv%?c(t)}u@)(x I*F@Y é& ARLGH mvﬂutxcl?iagkl&gerﬁ@QEL di tﬁqet‘;ﬁﬁm & Berein_ low albedo
first 22 an secon | e 52 may have

materay @e bwtumxiwfhamna}chmttiimmmm Sflirptt rdlectinge off thd ausfhce.

arbitrary function
[Para 73} Fig. 6A shows, in accordance with an embodiment of the tnvention, a

simplified schematic of variations on hole placement on a collimator. In an embodiment, a
collimator end 602 may be configured with an array of holes 604 being arranged in a simple
Linear rows, e.g.. the rows are one on top of another. In another embodiment, a collimator
end 612 may be configured with an arvay of holes 614 beng arranged 10 concentric circles.

In general, other arrangements may also be emploved for placement of holes on a collimator.

o
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526 and/or second arbitrary function 530, in an
enbodi nent. [Para 72] Wth the flexibility of being
wa@Rioe/0em9ary di ameter of a hole through a col PCTHSZ0§/066706
a coI [ mator may be designed with holes optimzed to
Iec from optical tht hallne of
» ms. e s BT éfegstta @ e&ﬂ@ E%omi&wla%*@eta
simpl ftﬁﬁ'a@héﬁ%ttlt'tﬁ@ﬁt‘?&ttt@ﬁ%@'ﬁ@ thicEtQ%U&?ﬁé s%tdﬁ’f SugBhvddigRh, o
acceptance to sone arbitrary "angl e, theta based on
collinaspent 6Raniay. beldonbyeed vadidintarop alf lwileg B24 beitg Fordiaienteith high

es both snmal | er, or r het a, DE, . \
hote e dn e EUIRECHE RIS THOTls GRUVE & PEATER Folnqr end 622
for thf hd1BQehsith @hd\Oe BPbaLSW 86 & abbht 3oaddh hhAR& enfRdled, a
of f-axi s I'i ght increases noise |evels and requires
coll mmtweml »at ro bevenhodsd subhngsran of holeh 63 btibedentizured with a
»-,mmen?otlg ésﬂ tg r ?xl{ myg*laq t%‘ct‘lgeeﬁ egmd ')ﬁ{ﬂgtbp[_szrs r?ﬁg%tl | TRGRS ar Q(? Eollimator
end @wm@t Ib@ ﬁ&huttm” o t&&tbbhei Ler m ste:‘meﬁtlirﬁkﬁsts,dwthﬁé Bbl8s refOMe to an area
al bedo material s are, materials that may have low ratio
ofa L‘éﬁ“"l*‘i“{jhﬁd?’@bl%cﬂ’%‘ oft9 sk 9% f ace. [Para 73] Fig. 6A
. shows, in accordance with an enbodl m_ant of the
[Parai Hl ent Fis SCasheivmphiotsasdanse hate antsrdinertiofticoneension, a
simp HQP%H& 1?&%%'1}2? mggtfg off ?1'{ S'n“ﬁ‘ir% m‘ Ihe 3&&%@ & nrre&t i’tmgto% In an

con

Lmbo@tﬁtcﬂs A%ﬂ;tﬂ&hﬂ@td&fwaﬁ@e& tfd’ﬂxh@uﬁkmﬁﬁﬁtﬂ drRRart mm4 being
rows are one on tgp of .another. |In anather
Ltﬁtlhgﬁtﬂﬁfbﬂ}th@ ,ngmochl SHHERWER oS -endl qtgj}gtx%yf descd ARp Sliffgnt diameters.

In cu"td’t\ﬁérrénﬁﬂdﬁ‘ﬁuﬁ% &{ hth@t FES.II{\GG A Sﬁ H&L tﬁ%ﬂQﬁ‘é’n} L B mmx of hukys 6534

ncentrlc circ ér arrangenmen
being abam@el errblaayaxddattahstpb;aamtrem a dfst;ﬂﬁnlltes Ubhtoias of three different

e B EALR S Rt L cccor e win
optmt?/fc {Htaﬁcr&;n't APRo1 ﬁreh%'t CordQNS Jnx tﬂﬂt%tﬁ&] dekfi@{or. In an

nbodi ment, a col l'i mator end be confi gured
> - h N
[Par a‘r’]‘hslﬁ o 325@ tit‘Xc flmﬂ?&%ﬁrgﬁ@?‘}n ttﬂgh g@g}l&iqt%‘ ?ﬂ ﬁ%ﬁhgﬁg be

optinzet &b hode ﬁtﬁmt‘hﬁ laderngh, h)td{ Istnd;ﬂl‘ larte emdnﬁ@ﬂmﬁ:mn hioBhplacement,

0,
role RS SHileraens dbbionodib S S o3 B ach hatue
may a@i@ﬂftb%‘gﬁlgalm by fhog( fc%tf?tﬁzza, RLEBnRR4 . .tmh&gttﬁt@ R Aeor ﬁt‘é same
with a arse ho ensi'ty. In an exanple e densit
light wfletthe d’aﬁttesur elative to the area of collimtor end
632 may be about 10%to about 15% In general, density
[Paradf7|t he ARahasbe glpafciared fromahe ﬁﬁﬁ&wimf embodintennaifake anention

L i Mt G BT ot

nmnuﬁt’cﬂp Hkt { ﬁq SARRIRLL S G iy BEIBLIONSy %’kﬁmg Lﬁ%t[k QHlﬁt'nﬁﬁn to the

|arreersonactlmaor odi ment
hzuheﬁcatls;buanmmomcémdaiﬁaﬂ@nh&wdbmmbnﬁqhgunseddztmihmamoarswaygsmti”m be
ured w

reahnaf gf 57: géf? t%)ﬂnw%s} trqutg%(xﬁ lé)fn i}cbﬂ{‘?"&ﬁ aagllt)aﬂgxl é@ %{f‘il& \}voi urthermore,

collinfhdf@haRdmd ATBUBEIS effective aspect ratio may better prevent spectral signal
drifl by providing effective separation of viewport from plasma species. Thuas, the proposed
collimator assembly significantly mcreases MTBF (mean time between failures) for optical

components with direct plasma exposure and redoces overall system costs and downtime.

14



In anot her enbodi nent, a collimator end 652 may be
configured with an array of hol es 654 being configured
wowaok/0es9p3 | nodal distribution, i.e., a distri bRCT/082008/066706

hol es of three different diameters. In general, the
ol e r, di.stribution may, be a arbitrary
et 78t e & ER DAt 8?*3%%‘%%‘?1{3 ipferRIod Seeend preferred
cmbc&!%%%f«ag}%x Ofre AMVYra Q&N herhREL s, C!ﬁakﬁ@%ﬂc[np af RicK @it ThHSw the scope
in a ¢ollimtor arrahgement, each I'Ti mator may
of thisnehaepentefdsoythy e:tigpmmm:mgdarﬁm{}qmmt er ed}ramétcé heremgbeconvenience

and s Wéﬂg‘é?t}éﬁt“wﬁ?ﬂ Cémg[g}fzsth vceﬂptgﬁ)gfel gri]%mﬂ g%glho Ié(?ﬁ(li Siso be noted that

thereQSHbhPhlidrative s Y@hhﬂ@ﬁe@t@f‘nﬂta Atk QNS ah@bpR@Qhses of the present
feature may allow for a plurality of nmethods to

invengpei fhltheugl wolons petrests amyédrdriterdin intstiaeadadibatghgre sxamples
he ;Ihlmlnqme &nc{ g%ﬁdlﬁﬂﬁ ﬁfﬁ 1 1%@@8%3 ’Llw.*u:> 9&‘%057}13(6’1%?1 ”ﬁyi% R t%isumun aset

Qf“n hmﬁst fe@irs REO\Gr B reaEhe dsma @@t ari dngeorhsential th&t the following
noderately sized col limator arrangenent manufacturable
awitchded daiis eraeTren P‘hi‘%b‘dé‘légpéﬁm hgjferapgnsyREHIRItKYS, aud
eac Pk SRR Wi £ ﬂg ullk %‘?&E 3 c]ll?)gg bt {h%t ‘*II&E&‘:{H{ SYRA! e

tradi ti onal tec no savi ngs
nay be realized mhlle nalnta|n|ng control of t he Iow
acceptance angle for line of sight. Furthernore,
collimator arrangenent with high effective aspect
ratio may better prevent spectral signal drift by
provi ding effective separation of viewport from plasm
speci es. Thus, the proposed collimtor assenbly
significantly increases MIBF (nmean tinme between
failures) for optical conponents with direct plasma
exposure and reduces overall system costs and
downtinme.[Para 78] While this invention has been
described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equival ents,
which fall within the scope of this invention. Al so,
the title, summary, and abstract are provided herein
for conveni ence and should not be used to construe the
scope of the clains herein. It should al so be noted
that there are many alternative ways of inplenenting
t he net hods and apparatuses of the present invention.
Al t hough various exanples are provided herein, it is
i ntended that these exanples be illustrative and not
limting with respect to the invention. Further, in
this application, a set of "n" itens refers zero or
nore items in the set. It is therefore intended that
the follow ng appended clains be interpreted as
i ncluding all such alterations, pernutations, and
equi valents as fall within the true spirit and scope
of the present invention. CLAIMS What is clainmed is: 1.
In a plasma processing chanber, a nethod for optica
i nterrogation of plasma during

15



pl asma processing, conprising: providing an opti cal
viewport; providing a collimtor arrangenent, said
wa@edmionmddr arrangenent bei ng coupl ed to sai d PEI/USANS/066706
viewport, said collimtor arrangenent being configured
with a plurality of colligaigxs, wherein a first
collimtor of said plurality of collimators is
“h"‘é%‘ﬁ&‘ﬁﬁ‘tléﬂ by a connect i ng region froma second
i C‘P:}l ﬁ%q rdc@s S ChaPludr 3l 4, tﬁuﬁfm %gL AI% 195;.« 09'?3@ lasma during
cti ng optical si gnal S, rou sai d rat or
plsmanprargenerbmpfisiom sai d plasma within sai d pI asrm

proc Si N chaE’oer while a substrate is being
pPB?:‘* 8RET OPESYFEEMRE ™ n hi ghly col |imated opti cal

ShEN3kifie a2oll IEﬂﬁmnﬁch@Qné%ﬁ Gl Mida P 85 Sl R &z@@ééx@%{l to said
viewport is optically transparent to a predeternined
optical aryeoof savdvalieayt hyan@mehhbeing thftkuodd withiaphZaliverd epliimators,
At R AR T
from W@h@ﬂ@hhﬁ{m% sadelpdilped @linplaé:md wherein said
col | i mat or arrangerrent is fabricated froma nonolithic
uspilectisg ophen! mgnhedhetigh sail wellingher sionseaid. Gonlshisatoma within

said pRSEANISIEOR, |2 AL LE O T LT BLE-COMRONGRE 5 1 Bhy

collinphadr @hichsigfatcol | i mator is independently nachined. 7.

R The net hod of cl a| m 1 wherein said connecting region

Lo i Adr ReEedphrbiig avBareingaidipsichstRBROIHTS QptiaR i 1ARARERR 2
edes@lfe Qhdds TREQK Jeh&phgenent is fitted into an external

pm{"E(oug‘l("ngju(i%? '} eL rreEt od of claim8 wherein said

3. efthennslochdu$iing? whereonhidgureddemiitdl abyd elastvebmgilafis om about

y|n f.eat.u o align each col | i mator
intuar Ui et FRAOB oY PIehAY b e ™l ¥he met hod o
4. Cchak me%uv(\mwuﬁ }S@hQL§?@§1§fﬂﬁ~§|§mh@¥'§;‘z ﬁgfdn%nﬁ‘? e @YfeR%rom a
with at |least one of a plurality of ey| ng features to

l'lmlmééwamat e each collimator of said pI ur aI i ty of

hE Ih§ tnggl}ﬁo{‘iﬁﬁé}l%‘ 3 F RCTEUY %é}zagctuﬂorgﬁt-o{ 9m6fggmé m ﬁ%lis %F@dqsﬁ}m nultiple

L(}ﬁ)p§@3lﬂ(ﬂ§ col l'i mat or ar r angenent is configured with a

7 ing feature for depth insertion into said external

6. iég ippghoriot ciia naherot aseh epllingicg ofibed efusalisiof cellipgor is
malep&%ie'n ;W38ﬁ11395 said plurality of collimators in

7. The method of claim | wherein said connecting region includes a void area.

8. The method of claim I wherein said collimator arrangement s fitted mnto an external
housing.

Q. The method of clamm § wheretn said external housing 1s configared with at least one of

a plurality of keving features to align each collunator of said plurality of collimators.

10, The method of claim 8 wherein said external housing 15 configured with at least one of
a plurality of keying features to separate each collimator of said plorality of collimators.

11, The method of claim 8 wherein said first collimator of said plurality of collimators
said collimator arrangement 1s configared with a keving feature for depth insertion into said

external housing.
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said collimtor arrangenent is configured with a
keying feature for rotational alignnment with said
wa@emonesedl | i mator in said external housing. 1BCT/TR®08/066706
met hod of claim5 wherein said second collimator of
12, sailbe plethodldftliof wiodrbinraiddirst dotlimmuntedidipitiaiigy of collimators in
npvenment stage for alignment |n said collinmator
said cglis PO ewﬁgerg@}t ﬁ“g‘"’fﬁlé‘b‘?‘feéla"t HHA keans Laivee fy |'£'?tiabfpléﬁ alignment with
said s&%ﬂﬁ%gg{“éﬂr 1%%31{11&%}‘?%&%‘%&9]‘ claim 13 wherein said
movement stage Is configured to allow said second
3. cdbb Mrtﬁt(miroﬁcd}mhla\/ﬁ&h‘aLmrxaniskad}mhmlimﬁnoont salbplutiihiey of collimators is

d of claim13 wherein said novenent stage i
moun{Eg i g S Q16 GG B GO T 5 i g fabrcated

from S @ﬁﬂtﬁﬂ@&m fe@R. 16. The nmethod of claim 13 wherein
sai d novenent stage is configured to allow said second

i4. cdbe mwrommm\pex faer gmmb@l thovegnampstkgnis certiguredtormdlonorid

ngw@, um 1. wherein ]g ch ‘ﬁ ”I imator of said plurality

secondoffpfidid pANS! Pl OPPYU% with a plurality of

15, hateseusrll of cRlitraldhdteifsaRoh@senicht fREhisReENGRe@o allow said
predeterm ned suitable shape to pr ovi de optinmal |ight

secong gpiliswigrdn havegs ropienaepRee of ¢l ai m 17 wherein said

i6. pr{ﬂg?f e%Lo@ C}ﬂ%?au‘?]%'itx@péigns‘.taﬁ%m eﬁleﬁz gkﬁectus 'g%mﬂ%c?n "&I%\x said

SemnSUblﬁlaﬁk&& tshﬂwpea isutalibig hedhine poI ygon hol e. 20 The

. hod of cla 17 wherein said each hole o

17. pm At Sl e%hﬁa%‘ ACh FAHEREY A g Pl“éﬁ@? oF gui imators is
onfid 8109 pha f 180 1ds1i9ht RGEERL: > :d
con l%2“1(;" Th:e #el" n[k%l cfal %epzo vvhg?tg{ﬂntbéa%ipr%get@??n&ﬁ? e
guimiﬂeaﬂmpzb ng)rbwdctopnmai lsgtacaldmtibnuous function. 22. The

5. TSRl & Ghm 2t her o col f, prodel UL el L 2PeL L0 ot
1o, ofiel pbibd &1 ymr ev AhsRbrfsant pedbblayindd « mh@b@sm@ﬁrem a suitable
arranged in a predetermni ned arrangenent he
polyepebiled of clai m 23 wherei n said pr edet er m ned
20. %x?ﬁ%ﬁ%eiﬁ F: xélralg? \21% 3 2 d.mg t,éblef 5 Igng phii?ﬁ iy é:»lfq rrie h:-‘\b a
prede@Pmed dpedhe GoREENtT lhiﬁnﬁxEJth@@Qﬁ of light acceptance.

21, The method of claim 20 wherein said predeternuned tapering function is a continuous
function.
22, The method of claim 21 wherein said predetermined tapering function is a non-

continuous function.
23, ‘The method of claim 17 wherein said plurality of holes are arranged in a predetermined
arrangement.

24, The method of claim 23 wherein said predetermined arrangement is an array of linear

25, The method of claim 23 wherem said predetermined arrangement is an array of
concentric circles.
26, The method of claim 17 wherein said plurality of holes are configured with a high hole

density.
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26. The nmethod of claim 17 wherein said plurality of
hol es are configured with a high hole density.27. The
woredoboesded cl ai m 26 wherein said high hol e denBCT/¥S1088/066706
about 65%to about 70% of a hole area relative to an
27.  affdanethwiiidlaads wndrbibhrakidigh Z8e ddhgynieithed 8% kBoun70% of a
17 wherein said pl uraI |t of holes are confi gured with
hole ageq g{RtINS FeAE A% PY §RIC %“ﬁ’“’é“?@t hod of cI ai m 28 wherein
28, Sand ol awanaleigdensi tlé{'exhs\saﬁ %Qﬂ/"hto ﬁﬁ\ﬁlrﬁxéﬁ%ﬂhaa ow hole
hole area relative to an a sal eac I'i mat or .
densit30. The net hod of claim 17 wher ein said plurality of
2. hudictadin s Warehsredor ok f9a iy il ot 15% of
hole 3@ .00t %\%E& Waﬂ{ea&ln iRt hod of claim 17
-~ wherein said plurality of holes is configured with a
30, d |i§t rnequu {ﬁmlmﬂ ¥|6’| xuimemtggn doﬂurph@d:éthetem'trﬁe@m&t’métvet w3 hole

dcmm ﬁ g@rt ) ;i mbyfi}ﬁ ég rf)ah%h?m‘?} éﬁfb‘f"ég?ré“ &&8 éf»z é‘v%:dﬁach coliimator.

31, COWp hie&kﬂig)f cmno;m WiEREin ChigWPQHRTity AR i@ fietRGth a distribution
arranFerrent said col linmator arrangenent bei ng coupl ed

of plurddivs af Rredpiemened Jipewpsrt, said col | | mat or arrangenent

32. me&g¥rﬁ(wqg£ #(?xlri‘ écﬁ%e; Hﬁng tog e ?\llt%itxéf dl 10 3%‘?2 as E@tdgﬁ ﬁn plasma

procegild domatrbiig: i S separated by a connect ing region froma
second collimator of said plurality of collimators,
WAB PRI ¥WPOBOMI nat or arrangenent s conflgured to
qugbﬁx‘fﬂtt&p&faﬁ%mﬁhgﬁﬂk ifn‘i} \Ag»‘: S@hcheRle ?5@1} Sty SaLd optical
pl asma procesSing ¢ ife a substrate I's ei ng
viewpprioges selinhior procigimenh h@h kyoudahirédratted phpblity awli wihmm‘oz 5,
where?ilbg Elzgsk?:plgg%ﬁqzlﬁ{} é?ipg)gxggraﬁ# Lol :gsailggg %S%g% hﬁil xa;éiﬂﬁemnﬂ region
from PEREES 8bINGatck %WJ}H Sty RF OMEifHaRGs, aMhcPRh k& lcoNin@¥ROffangement
providing a col limator arrangenment, said collimator
is umagmdg@n@iiﬂu @;érmb%gmd@h oo st ;ﬁaan@h wﬁmuoaid ;\iw@m@mesqm
Lhami?m Wq |% &5 u 3%% rb%g}rﬁ*%ﬂ (6536 nltio e nxgeﬁ grally Seclcz)matcw npmiﬁl signals,
colllnator on a second end, said first collimtor and
said second collimtor are separated by a void area;

33, apgdy ﬁpllblln@ :éaéb'lggal QPG Her, S :QJ:I@J}@ £ réﬂfﬁe A G RLASIRE }quk Ruring

sai d” plas processi ng chanb a substrate
plasmbermgsyrn cespasng:

providng an optical viewport;

providing a collimator arrangement, said collimator arrangement being coupled to said
optical viewport, said collimator arrangement being configured with a first collimator on a first
end and a second collimator on a second end, said first collimator and said second collimator
are separated by a void area; and

collecting optical signals from said plasma within said plasma processing chamber

while a substrate is being processed.

34, Ina plasma processing chamber, a method for reducing deposition on an optical

viewport during plasma processing, comprising:
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34. In a plasma processing chanber, a nethod for
reduci ng deposition on an optical viewport during
W@k@enesops ocessi ng, conpri sing: provi di ng a col PCTEHSH08/066706
arrangenent, said collimtor arrangenent being coupl ed
t praadidy apbllioatondranpandst, sal eilbobbl mienany I&ﬂ@te:fm@kd to said
being configured with a plurality of collj mato
OpUCANENSOH- 14 Colimatos gt BRing aqngz%quﬂ.xa]ier ﬁyhgghh of collimators,
W hu&fﬁpli k4 g@&ﬁ’}ﬁ ﬂzifﬁr‘%f %%QEH{ f?tq fﬁ*)é 3@1:191]%10 ?scstf.?&gm{i%'aQ%rlf}échf "ilwmn
secon Imator in sald p ura I Tmat ors
ﬁvnxamﬂon@twhnmumgxmpﬁphm¢ﬂspgnahsmuthmndgh sai d
colélnator range from said plasna within

s3
pr.% Lﬁ,&ﬂ% P‘Bfé\e §§ILH S\gﬁfé%]é S p léndé()fs,h{j\gi_.trfgttlg (gﬂ’l Bé}I{ ﬁ)g(ibfﬂ’i W ltil!fi
said pRIsR% %&%@qm{f @%‘Mﬂek (‘.@u BB shhaRteis Gelnki ;ﬂ?ée%d ORLAIGAL in highly
signals. 35 In a plasma processing chanber, a nethod
collinfagrd aptidaiciigigiset chi ng of an optical viewport during
pl asma processing, conprising: providing a collimator
arrangenent, said collimtor arrangenent being coupl ed
35, U0y 8 8ladmeRkdceRin HRWPRE th m&RbA if Qbduc IRt RhiIRS FRNIHIREL viewport
bei ng configured with a plurality of collimators,
dmmé&\h}érléql ﬁmﬁﬂifbimsti‘m@fllﬂlﬁ‘grat or of said plurality of
CA(; idh f?l uﬁt&%ﬁ’ﬁk 9‘&1‘?3% by, cﬂ. cﬁﬁ:ﬂ%?&:}; 519@[ 1%9 l?e”ni E&me% to said
opm,.,\anm\cp@ltl ﬁ@d talmant Iaﬁ&shgdﬂk@ﬂﬁhﬁg ;&:hl’csmugm {120} @iumht\ nf collimators,
col l.imat or arrangenent, fromsaid plasma within said
wherey 3 S cpiligraa gyt ﬁ@déwa%!é r‘“\hﬁﬁhl“é"%“ éﬁﬁégf’r‘%ﬁé’* aCOpBGHgRE region
from 4 fgl&fg%%a§§&ﬂnm&ﬁ%% 4idi PRrdiRy BF G dhatR!: Lhgat ed opti cal
collecting optical signals, through said collimator arrangement, from said plasma within

said plasma processing chamber while a substrate 13 betng processed, resulting in highly

collimated optical signals.
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