~"COLLI MATOR ARRANGEMENTS | NCLUDI NG MULTI PLE COLLI MATORS AND | MPLEMENTATI ON
METHODS THEREOF BACKGROUND OF THE | NVENTI ON [ Pant 1. 1Advances in pl asna
processing have facilitated growh in the sem conductor Sony. During plasna
processing, diagnostic tools nay be enployed to ensure high yield of

devi ces being processed. Optical em ssion spectrosco 'élflé% is often
utilized a€QLUOIMgYDOR ARRANGEMEGXEEDENEE. TDINC M Eﬁy chans and

et ched pr odyst SINVA TORE ANDUNPLEMEN DA TIONMEFS0DS THHREOF [ Para Z] I n
the optical interrogation of plasma; there is a characteristic ,glow, i.e.,

specific optical em ssion spectrum associated with a plasma di scharge.
Wth spectral information front the optical interrogation, a considerable

anount of information on %Q?ﬁ‘éé@h(%@ﬁﬁ%&%i@@ col |l ected and anal yzed

to provi de guidance for process nhonitor and control during plasm
processing. [Para 3] To facilitate di scu55| on, Fig. 1A shows a sinplified
sehematic of a prior art plasnma processing chanber 100 with an opti cal

yi ewpon. [Parad], 'mm‘vxgez»1ﬁ)ﬁh$1hzapmtrasinahmdiimehxat;,ﬁ ignevtbfn e glaticdmiugbasna 104,
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plasma . 104 is 9 f or ned. Dueft pth(‘gp ath | engt.h,. the Iine of
Bl Ght - gl EOHET aPBrEsa T ingE ot s e pieeral e e Helipor ¢ 10
As the tesmdl 6f goRisO¥eEnkeKei n, angle of acceptance is an angle fromthe
distal end of viewport 102 mhich a non-axial |ight source may still reach

the col | gedrani end lafthofikogidhienb@WPOHL pldfd, tHeRaiE & cBibhdtertlc @b@anpé e to
per f or m endpoi etection via optica Jnterro ;%Ltlon desirabl e

to col | edRecHic wawgpmé*we%“f*wamsamé% Vith g Plgpag ‘f*‘*‘bﬂ“aé'}%‘& ' 589 ? ith a.

parti cul affordai6n %nﬁh@@mﬂitmé&rgmgﬁ ta clv@%dz:ﬂh@ aRb@R oPEShe8oPdn t he angl e of
acceptance may include d ffraction and/ ef | ectl on of light from other

sur f aces wtwﬂm%zsbﬁfewm%és&sﬂpﬁg& t%%ﬁ@wféée vfphias Sy IPTREACE BETREEEPt ance
may be hb&h&&ugp@r{ngghg&g pg;a_ggbg@?‘l interrogation of the specific area of
{Para 3§ To facilitate discussion, ¥ig. 1A shows a sinplified schematic of a prior art
plasma processing chamber 100 with an optical viewpart, i.e., window, 102 that has a divect
tine of sight to plasma 104, As the term is emploved herein, a line of sight is an optical

straight-bine path from a sowce to g collector without any form of obstruction.

[Para 4} Consider the situation wherein, for example, opiical interrogation of plasma
104 is baing performed. Due to the optical path length, the Hne of sight may have some
arbitrary angle of acceptance at optical viewport 102, As the term is emiployed berein, angle
of acceptance is an angle from the distal end of viewport 102 which a non-axial Hglt source

may still reach the collector end of optical viewport 102,

{Para § 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 particalar line
of sight at viewport 102, The area ouiside of the angle of aceeptance may inclade diffvaction
andfor reflection of light from other surfaces in plasma processing chamber 100, Thus, alow
angle of acceptance may be highly desired for optical interrogation of the specific area of
plasma 104. However, the simple setup of viewport 102 fn the example of Fig. 1A nay lend

itself 10 a larger augle of scceptance.



Plasma 104. However, the sinple setup of viewport 102 in the exanple of
Fig. LAmay lend itself to a larger angle of acceptance. [Para 61In order
to exam ne the spectra em ssion of the plasma, optical viewport 102 may be
required to be optically transparent to the neasured wavel.ength(s). For
infrared (111Z) to ultraviolet (DV) wavel engths, optical viewport 102 may
be constructed fromsonme type of fused silica, e.g., semiconductor grade or
DV opti calPagx ade. (Dmeuiezft<>teha11iixs§uestwmttmispﬂoaof thg ptalsu@a optii:zcialah\ymttﬁ@;hsparent
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pl asma pro sing. Wen optical ﬁ}{lz{\ degr adat i A romthes auses

r eaches a“P‘iéf/ I & SHPREELOTSY ﬁé’ SRS c ’“8 P Siss e e 8e 1 enoved
from ser vine @piiciiy eg@bitehiRiidupatt viibmed fegdaleldsy o thy pham idawnlotdmalitngereases
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determne if the ft in transm ssion of signal intensity is due to the

change i nreplagasingt. F‘J‘f“@‘ﬁék‘fli"és‘n@)f"dﬂ‘t}é oyl PewpRicn o1PRL bei ng condi tioned. [Para

91 Furthernore, the change in transm ssion of signal intensity may be
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122 with _{aopﬁdt}d‘mﬂué aon&xﬁfortsnoghémgoomﬂ:tma& 124, In an exarrpl e, collimtor

128 has an arbitrary length (Wand di aneter (0). The di nmensionless ratio of
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Anal ogously, due to nolecular diffusivity, the quantity of materials from

reaction tHhHen “P‘éﬁ?&ﬁi"ﬁg‘“@m i‘t‘,’}%f"“{/’i““‘e%b?‘t‘“‘i@‘?kl*5“‘a‘?“§8‘ m ni mi zed.

Therefore, a coI limator with hi gh aspect ratio is very desiraple due to the
af or ement ﬁ e Plpendty ¢ B shows a simplified schematic of a prior art solition employmng a

collimator 128 in a plasma processing chamber 120, In the example of Fig. 1B, collimator
128 is coupled to an optical viewport 122 with a divect line of sight to plasma 124, In an
example, collimator 128 has an arbitrary length (L) and diameter {13). The dimensionless
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

tight. For example, the higher the aspect ratio (L/D) of the collimator the larger the value of



[Para 121Fig. 1C Shows a sinplified schematic of a prior art solution with
a long collimator, 148, in a plasma processing chanber 140. In the exanple
of Fig. IC, collimator 148 is coupled to an optical viewport 142 with
direct line of sight to plasma 144. In an exanple, collimtor 148 has a

|l ength (Li and dianeter (D). To attain a high aspect ratio, the value of I,
is larger than the value of Din the exanple of Fig |IC [Para 131l n order
to mnimke adep@fs'dtd On Liothe etse lof mgploot aztaiapadt., tikék@;uuamiawpestl! bgti o of
gqug?;e{)f t‘g% é&thchcollswtér ‘neﬁ of f&%m‘”‘g’hﬂ]‘j n“lq‘imr%d)cl)‘%’ the (6%19%%? msc,ﬁugfuéb}g g pflrrgl |
coupl i ng, Aaﬂqﬁmﬂeeﬁmmambthmmﬁﬁdn@ﬁ abqumnﬁﬂo&nuawd£BMﬁeﬂﬁn@mﬂamﬁer t he
situation erein, for ol I'i 148 has, a dla ter of about
' eh. TN GRS VBB OPE ST PG Mk LR S T R e of
accept anc@tio Golehy deair e da8o fRWIMSaEhiloBedI@ndfsi nches in length (.1L.) to
attain an approximately 29 acceptance angle. However, a collimtor of 30"
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equi pnent Para 41Fi g. 2A shows Si fle sqhe t of .a prior art
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coupled to an optical view rect |ine of sight to plasna.
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di amet er \Oifluettﬁ@ 1b31|1reer'£ﬂnE&Qexaﬁﬁldfkﬂﬁtl}@'e\%%lc%@?l'oe@(uced For exanpl e,
collimtor 228 is a solid tube with a hole 230 of dianeter with a first

pre- det ert%ﬂ?ﬂ%}Vm P08 chikitiRUBPoLiS dreRulh BfvidhBrntiubas odhe; diigpet er of
the hole with the first pre-determ ned val ue for collimator 228 of Fig. 2A
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collimatorand stil mai ntain a h™ aspect Tatio, a col'limator nmay have a
hol e of mthhetdewedhgpnax@r memuafsfontx wred), 2e eppinplencollivhader ldR dnpt damThe | engt h
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required I'n“a spec ratio.
However, Z&‘LQIMRIOB n:atimmqmitl-th may verdto Serdl inches in leng tix (L} to attain an appi oxxmatelv

27 acceptance angle, However, g collimator of 30" 1 length is not, at this time, g practical

solution for plasma processing equipment.

[Para 14] Fig. 2A shows a simplified schematic of a prior art solution of & collimator
228 with a single, small diameter hole in a plasma processing chamber 220. In the example
of Fig. 2A, collimator 228 is coupled to an optical viewport 222 with a divect hine of sight to

plasma 224,

[Para 15} To create a compact collimator with high aspect ratio, the diameter of the hole
in the collimator may be reduced. For example, collimator 228 is a solid tube with a hole 230
of diameter with g first pre-determined value bored through the length of the tube. The
diameter of the hole with the first pre-determinad value for collimator 228 of Fig. 2A is
smaller than the digmeter of the hole with a second pre-determined value for coltimator 148
of Fip. 1B,

[Para 16} To reduce the length of the collimator and still maintain a high aspect ratio, a
colhmator may have a hole of diameter that is 1/10 of the size of 1 inch for example. The
length of collimator 228 would therefore be 1710 of the collimator length required for a hole

diameter of 17 1o obtain a specified »\sput ratio. However, a collimator with a very small



di anmeter hole may not be practical since the anmount of |ight being
collected is mninmal. Therefore, the ability to use nbst spectrophotoneters
to process the signal is inpractical due to unreasonable integration tine
and/ or high signal to noise ratio. [Para 171Fig. 28 shows a sinplified
schematic of a nulti-holed collimtor in plasma processing chanber 240 in
the exanple of Fig, 2A collimator 248 is coupled to an optical viewport
242 wi t h dadeweate :Iuimmt(bfa psicg'hvﬂ sihee e ax&nmuzﬂkluluedlrzL cotkted i@ﬂﬁiﬁlzﬁ a solid
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separate ecting r he plurality
of colli ﬂﬁft%f“%m“e%ﬁgm%feﬁgdp }P’F ng{ecmﬁ‘ f’ﬂ&é‘f)%&% j}u&\tw b)gbB}\'l%a’ltﬂwél gnal s,

t hr ough tmcmﬁrkmsgﬁtm maﬂ}ban@edramsmzdomrmd: fpeocpiba&rm»mﬁﬂmn tihevpkasea
proce55|n pr.oces sulting in
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art sofutions may not be practical, too expensive, or outside current machining capability.
SUMMARY OF INVENTION

[Para 20} The invention relates, in an embodiment, a method for optical interrogation of
plasma during plasma processing in 2 plasma processing chamber. The method includes
providing an optical viewport. The method also includes providing a collimator arrangement.
The collimator arrangement is configured with a plurality of collimators, wherein a first
collimator of the plurality of collimalors is separated by a connecting region from a second
collimator in the plurality of collimators. The method farther includes collecting optical
signals, through the collimator arrangement, from the plasma within the plasma processing

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



I nvention disclosed herein arid is not intended to limt the scope of the

I nvention, which is set forth in the clains herein. These and ot her
features of the present invention will be described in nore detail belowin
the detail ed description of the invention and in conjunction with the
follow ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ Para 22JThe present

i nvention is illustrated: by way of exanple, and not by way of limtation,
in the filwredijof tihe am@@manyvi migted ﬂmwlﬁng@ d‘m@ !hm\»v‘#a'tb@hiﬂkeﬁ'ti@e)f thef er ence

Q:Jrrrm];[ ?:c ise \Cl‘gﬁmtdg{.% bfcat‘m Elcﬁﬁg&tx{?‘m@ﬂq to 1m1 L bt%pe af %{e mh(, gr;gr‘! %huh}'o%ssp ows a

opti cal vicethpothe claumfberexw "mhl@;wand dmhh ﬂexamesaofdhaf ;aestent mmeemoﬁ wali @memmepl asna.
[ Para 241FI G ?”‘.r?rgq ntg WL& ed. sche a prl artt soliu
enpl oyi ng'"d"¥BFF et B i H‘ef}f’ Usdesripian gt b“&ﬁ%ﬁ?ﬁé‘?. ,‘-“[‘193?“8‘ PBIRIG 1c shows
a sinplifisdwigtenrti c of a prior art solution with a long collinmator in a
pl asma processing chanber. [Para 261FI G 2A shows a sinplified schenmatic of
a prior art solution of BRIEFIDESERGTIONCHF BB DRgIVeINGHal | di ameter hole in
a plasma B!a(t)':g EE}SI ngfhs %ﬁq&? mvention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which bike reference mamerals

refer to similar elements and in which:

{Para 23] FIG. 1A shows a simplified schemaiic of a4 prior art plasma processing
chamber with an optical viewport, i.e., window, that has a direct line of sight to plasma.
[Para 24} F1G. 1B shows a simplified schematic of a prior art solution employing a
collimator in a plasma processing chamber.

{Para 25} FIG, 1C shaws a simplified schematic of a prior arf solution with a long
collimator in a plasma processing chamber,

[Para 26| FIG. 2A shows a simplified schematic of a prior art solution of a collimator
with a single, small diameter hole in a plasma processing chamber,

{Para 27] FIG. 2B shows a simplified schematic of a mulu-holed cotlimator in plasma
processing chamber.

[Para 28} FIG. 3A shows, inaccordance with an embodiment of the present invention, a

simplified schematic of a collimator arrangement with two collimators,

[Para 29} FIG. 3B, in accordance with an embodiment of the invention, shows a

simplified schematic of a monolithic collimator arrangement.

[Para 30] FIG. 3C, in accordance with an embodiment of the invention, shows a
simphfied schematic of a multi-component collimator arrangement,

{Para 31} FI1G. 4 shows, in accordance with an embodiment of the invention, a
simplified schematic of a multi-component collimator arrangement with alignment features,

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

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



[ Para 271FI G 213 shows a sinplified schematic of a nulti-holed col | i mat or

I n plasma processing chanber. [Para 281FI G 3A Shows, in accordance with an
enbodi ment of the present invention, a sinplified schematic of a collimator
arrangenment with two collimtors. [Para 291FI G 3B, in accordance with an
enbodi nent of the invention, shows a- sinplified schematic of a nonolithic
collimator arrangenent. |:Para 301FIG 3C, in accordance wth an enbodi nent
of the injiamsBdn, IWOVE shosisnphkidorddesetiematmiedobenaoitht tiveis@pponent
collimator. a ) rdance with an

enbod! nent gl {'% ﬁgFﬁ“ﬁ*‘Q‘ér&”L‘S"a“‘ 5 hﬁ%ﬁ*fﬂ%&"@%&%ﬁ??‘&% PR 1 - component
collimato th al i noent SA shows, in
accordancLP'r %odl ﬁ%or\l ™ mg’“t(h(e'm’”% ent'm S‘Ebm{”m%m ?f’lefmgt(ﬂ%(é chematic of

vari ati Onﬁ'mpl‘h‘jﬁmp@nzﬁﬁc oflvirahiend o lalCghdehRitodra. wlhmal.ox.

fPara 35] FIG. 6B shows, n accordance with an embodiment of the invention, a

simplified schematic of variations on hole density on a collimator.

[Para 36} FIG. 6C shows, in accordance with an embodiment of the invention, a

simplified schematic of variations on a distribution of hole diameters on a collimator.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 37} The present invention will now be described in detail with reference to a few
erabodiments thereof as ilusirated in the accompanving drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present tevention. Tt will be apparent, however, 1o one skilled in the art,
that the present invention may be practiced withouot some or all of these specific details, In
other instances, well known process steps and/or structures have not been described in detail

tn order to not unnecessarily obscure the present invention,

{Para 38} Various embodiments are described hereinbelow, including methods and
technigues. It should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semicondactor, magnetie, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
code. Fugther, the invention may also cover apparatuses for practicing embodimentis of the
mvention. Such apparatus may include circuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus include a
general-purpose computer and/or a dedicated computing device when appropriately
programmed and may include & combination of a ;omputer..-"'c.omputing device and
dedicated/progranunable circuits adapied for the various tasks pertaining to embodiments of

the invention.

[Para 39] In accordance with embodiments of the invention, there ave provided miethods

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



[ Para 331FI G 58 shows, in accordance with an enbodi nent of the invention,
a sinplified schematic ol variations on hole dianeter tapering through a
collimator. [Para 341FI G 6A shows, in accordance with an enbodi ment of the
invention, a sinplified schematic of variations on hole placenent cma
collimator. [Para 351FI G 6B shows, in accordance with an enbodi nent of the
I nvention, a sinplified schematic of variations on hole density on a
coIIinatomwnﬁaamaQSﬁ&ﬁhﬁmxagpkhmm@uuémh@c&hﬁd&n@aﬁmﬁﬂmhamn@mﬁodkment of the
I nvendon,

t di f. hol
i ot or <R b A REE O el i b B B B BB G RS 57 17ne

present | npentdtion BwialthiningWidher dessiva daptit tanodﬁtia:ndmnmtaﬁgneﬁerxm&ewttm a few
enbodi ment.s t hereo i ) ust din the ing drawi ngs Ln the
oo e TSR LS oL E St e B LRSS B P or e 10
provi de an;hhquoségdheumd@gﬁaham@txmgnaa&ué;h@nyaéxe&ent invention. It will. be
apparent, however, to one skilled in the art, that the present invention

may be prpat4 ggd Wi Npetihodanet, Ol @itmabs zinb@@&@ne&p@ﬁ\l bd ondigdiadl tcshave fivedt her
I nst ances, mell known process steps anﬂ/or structures h%ve not been

descr i bed“almaess sraaratel by H@fmﬂtfvafwe:man BHRLER PP e BT B8k Nt

I nvent i ONge independently machined to attain the highest cost efficiency andfor commercially feasible
aspect ratio. By providing independenily machineable collimasors and/or conneciing region,
the collimator arrangement may be able to achieve an increase effective aspect ratio beyond

the simple grithmetic swn of the aspect rapios of each collimator,

{Para 41} In an embodiment, the collimator arrangement may be machined from a single
unit. In an embodiment, the collimator arrangement may be constracted from muliiple
components. Thas, collimator arrangement may be manufactured by a plurality of methods

to achieve stmilar results.

[Para 42] In assembling a multi-component collimator arrangement, alignment between
a plurality of collimators may be critical in achieving highest optical signal intensity
collection. In an example, the coflumator arrangement may be configured with keying
features on each collimator and/or on the collimator external housing in an embodiment. In
an embodiment, a collimator in a mulii componenis collimator arrangement may be
configured with a movement stage to allow for translational, rotational and/or gumballing
motion. By having keying featwres andfor movement stage, alignment of collimators may be

performed as necessary for optinoum performance.

[Para 43{ hi an embodiment, each collimator may be independently configured 1o have
holes of different diameters, lengths, shapes, tapeving functions, placements, population
densities, and/or diameter distributions. By having these permutations of options for each
collimator, the collimator arrangement may be optimized {0 atfain the desired optical

collection efficiency.

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

with two collimators,



[ Para 381Vari ous enbodi nents are descri bed hem nbel ow, includi ng nethods
and techniques. It should be kept in mnd that the invention m ght also
cover articles of manufacture that includes a conputer readable nmedi um on
whi ch conput er-readabl e instructions for carrying out enbodi nents of the

i nventive technique are stored, The conputer readabl e nedi um may incl ude,
for exanple, sem conductor, nagnetic, <via-nagnetic, optical, or other
forns of Dompdiler rdeadabbetimedcohuion sstarirgt ‘ﬁk@rrmuft araon&adabbéwmde.
gﬁ{)ggieaén&tohﬁm?tm» il g’ r\to collr{x? O O?)ém? ﬁ\&/cer.btb? & ﬁ)ﬁﬂgmu?‘i% ?Lﬁs&rahggv & ‘f'nélﬁ"t“ 304.

dedi cat edV axﬂdtaaf’@@nmgrbamrﬁtgh&d th have arshyll nutarmmsmswpe@t i b regrid ﬁotﬁnbodi ment s
of the inyenti S| ar at y ener, I - pur pose
conput er %Hﬂf‘(’)(r“ ‘Efdd}éaﬁp’&?‘@ﬁ"“&‘bﬁﬁﬁh?tﬁgﬁﬂﬁ\f}r ’gﬁ %8%? a3 T’y pr ogr anmed
and may | cIu a f uter/ evice an

dedi cat ed ] %g?e'a Tﬂ)fllé’ﬂl?i' F‘EEM"%’“QU‘:&B{%SO‘? ‘(5‘1‘“'%%’5" ’%/%ﬁan‘ i‘}dl‘t‘é’él %mb‘g?%gl ning to
enbodi menthat cath $ihee tovaabisOfst JoRBKaAr3VS kid/acRosdaniBnadit3h ¢ enbodi ment s of
the invention, the-e grOV|de

t hods and arrang erren rove the
ef fi ci encPIEFSEIdEHOY IS "’t'&g‘ﬁeﬁ’t‘ﬁ‘f #H*6) ‘1“8*&[‘ o F‘hi g‘f’kngaéffl‘ 8h of
pl asma duwmgm&l ARMRCR! T6LHIbRGderrrdaasliszich caflmtm;mwﬁmam; i ncl ude
enpl oyi ng_a coI i mator arrangenent wiith a plurality of collimtors to

attain hi ghérligrs getanvedaspemirgion of coimapt arnempeh P ghieraibr fepesifie aspect
ratio, coldlifRbRheAEr angement may protect a viewport from being conditioned
by pl asma species while reducing the anmount of off-axis |light that readies

an ext er n@hrsignal HBASURBRERL: SRVh&ae: 3dsPAat0h kit pR-RIBAGARAL: t he
col limator arrangenment nmay be configured to have two collinmators separated

by a conn¥ iy &g St prerficipnpinge puah of haentos. srniicar-draroreday be

| ndependegihyemBehnad, fde ik, \pc%nﬁ'ugih%fox agsltna\efé&a i RGYK oﬂagﬁ
comercially feasible aspect ratio. By providing i'nde ent c/lineabl e

col | i mat ofeieramgf bwgdorfastarng of esicont predeteswhed franker o fﬂﬁ(&ﬂ@&@ﬂt& may be
able to a&@éxﬂvv e~?{l lhﬁx?erd'%ﬁ'ﬁﬁei@rf'%fzg%t e?fq iﬁﬁé) qgéncé %tmlh w‘ﬂﬁxﬁ&%&\ﬂ% iﬁcj’ﬂﬁe@

arithmetic sum e aspect ratios of

enbodi nentdepehdntgpid thmztﬂmfst @m&awzgwriezmblmg bosh narcmbmfduﬁmmm mdsingle unit.
In an errbggmmpmm wne %Ilrrat or arrangenent may be constructed from

mul tiple co onent s SJI1 S, collimtor arrangenent may be manufactured by a

plural i tyyh EEﬁt hod R e Sihlf 008 424f [, assenbl i ng a
P et or ar r ngeman’t, al'tgn et we

mul ti-co onent a. plurality of
col l'i mat anwutfmyn dae,slk'tmiubiaoreith A Iriulaaﬁ@b@wérimgihh kz'giltie(stb nmpbme, a{khS‘D@ﬂ‘&tOll ntensity
col | ection, e configured
with keyitig tgét ur hg)simgg“%‘g) {2}3 ’?)P'ia en(’at 5—: a’a’n‘ﬁ‘f%f‘ a gcﬁ”n%ﬁ (hgg(f(zfl i"HaY8T ext er nal
housi ng i@panrseob®bk merbse th aifefivesdpodiratRiit bevang telatiffRtedit sinh ofithedbel:

conponents .collimator arr emen becnfl ured with a venment stage
o Bl 1 ow TH* ¥ PP QT GHal VBT s BT SHaN OP Gt BAMEEAG U0 FOR P8y havi ng

keyi ng faa;tl@p@sman@li Ok cRYIQIRMc13RYe, alignnment of collimtors may he
perforned a.s -necessary for optinmum performance.

{Para 49] As shown in Fig. 3A, the effective aspect vatio of collimator arrangement 300
may be between the stun of the aspect ratios of the collimators and the aspect ratio determines
by the total fength 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 3001, Henge, void area 304 advantageously increases the total length

of collimator arrangement 300 to increase the effective aspect ratio,



[ Para 431lin an enbodi ment, each collimtor may he independently configured
to have holes of different dianeters, |engths, shapes, tapering functions;
pl acenents, popul ation densities, and/or dianeter distributions. By having
t hese pernutations of options for each collimator, the collimator
arrangenment nmay be optimzed to attain the desired optical. collection
efficiency. [Para 44.1The features and advantages of the invention nay be
better unjdersitjod Wi tcnurefepanes, tblisnder friagemesit 30ibmely stbirssvopsghhat

f Ol ! OW. Flfg‘éﬂ & %ﬁg?&{gd n ﬁcc [’?’%E}‘MQQS? \-’&l(gl(){]ll' %bl{lﬂf}”%.’ﬁﬁg‘?{lﬂg Iﬂ(?llnlfd(?gréfé’%ri!Qsent

i nventi on; th two
col |'i mat afngior n{x;F?ad’ta;a%}llimmtcaﬂet@ﬂbdﬁkr amnet\m sl afﬁam«&mwatangemémmcsoo may be
configured to hayv tvvo collimtors tor 306 and rabsec ond

col | i mat d}”‘*ﬁ&%"“‘%g‘ﬁ 2Pt @afew TR &aﬂ%e%d“wﬁ RATER AT

confi gur eghatighehiav@nge shalckpi3R2 fanpyodsiviai d area 304 to retain both
separation and/or ali gnrrent between first collimtor 306 and second

col I'i mat opagal$i} [ Parea3d6hhkicoadigtdrelth @m@mmm of meIuiuenmxommrgraangerrent 300
may be confi gured such ihat each of t he col |IITB'[_;(% first. colljmtor 306
and/ or seWIRYESFhREF 8t 2 %‘i’%‘"‘%‘ﬁé"’i HEEH SRR P e AP Y AEHudBer of

hol es, spabidtbi@EdiBatoid MBS St 320 BAEBe AAliGurel aﬂgtafﬁmmumk& BRBAQra and
such. The independent features of each col i mator provi de for

f1exi bi | iegendrolisyred3aay arbenddin s srgispiss obpiedil .f"ﬁﬁt‘»‘eﬂmaw angdifent 300

to tail orgtouRetladdr1aPRIESRIE PR, NERESink RS a] (R 1AM QR IRt eend 130ST
collimator 306 nmay have a first pre-deternined length 310, an array of a

first prengebahitinedan aw@ﬁi liwsing P ESI0POG OGRS SPRESIOT BTt lghhioves
di ameter glg dg&f a&%&h)i cm§' mr)gﬁf%iymdﬁﬁ?egr&% GlddnTBE Qo c%ﬂl@na'?@%x&k@o have

a second. predeterm ned 0; an array of a second pre-determ ned

nunber of il 6f 309, m@mp;@m@%m%fw sAet I Des-dhahgt 850 342, or each
hol e. ance each colli mator nay be rachi ned |ndependently t'o the hi ghest

aspect r avsdieddsivh Bngleut insorebpdineal fersofollsuuorl end meondeniiaaieur i ng
C onstrai ni?% md[v 1Rh fh.ﬂ&%(? ALY ;,%n%%l@'ﬁ' [eNds SﬁR@R nll{kg % mé@, Qﬁﬂ&ﬂ% al . cfxﬂntxu&g ecanom

"actor to
of each hole, lengih of collimator, and soch, in accordance with an embodiment. Thus, fust

collimator 332 and second collimator 336 may be manofactured to a moderate aspect ratio
inexpensively from conventionally available wools, Alrernatively, each collimator may be
machined o attain the highest aspect ratio possible with state~-of-the art tools without
incurring exorbitant cost. However, by combining first collintator 332 and second collimator
336, collimator arrangement 330 may achieve higher effective aspect ratio than possible by

conventional machining of a single collimator.

Para 53] Initially, collimator arrangement 330 may be a single solid piece of material.
Az shown in Fig. 3B, first collimator 332 and second collimator 336 are separated by a
connecting region 334, In an embodiment, connecting region 334 may be machmed to create
a void area 340 thai may allow for substantially full transmussion of light between first
collimator 332 and second collimator 336, An advantage of machining first collimator 332,
second collimator 336, and connecting region 334 from a single wit may be the very high
contro} over the alignment between the collimators. 1n addition, connecting region 334 may
serve as a separation for the two coltimators and lengthen collimator arrangement 330 to
increase the effective aspect ratio. Thus, alignment of the holes between the collimators in

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



manuf hcture collimators with a high aspect ratio, the ability to nmachine
each collimator separately to the [imt attainable by state-of-the-an
process allows for the total increase in aspect. ratio. The increase in
effective aspect ratio is beyond. the arithnetic sumof the aspect ratios
of each collimator. However, the total |ength of collimtor arrangenent 300
may place au upper limt on the effective aspect ratio. [Para 49] As shown
in Fig. S{Rm a §4je et'\ﬂtthom.ihmli'azmcmmmﬂmt wofth ool daillimaties havertangérnented 300 may
be betwee d..t he aspect
rati o det B IERe Y P PRt ar S b EH oo e B a0,

Consi der dspe: sitlbU@hdr@franydrareis mayfabio b@k&medth&iaﬁﬂm ek blplmiltw ofraybe machi ned

to the conmerci al | fea3|ble chi ni cap: .an _aspect ratio of
100 11 R &, POR P A g LA B et SR GRRRRE 300" rmy
have a tofsg} m@SReEeh cORitiatr @fradRinknt Wiiea gbfiesdiimgucalthd Foken@Bpescdidrati o
may be between 20:1 to 30: 1. Hence voi d area 304 advant ageouslgl i ncreases

the tot al eedgiinger FEREIRHE B1EY BF FAHErER hagdhep o) R SAdBR PR dF ect i ve

aspect I afhRlengtiRa1 R AOEhRnGRRY K tkrdaO TRu, HRNerH of i@eoxlrluﬁ e pewadnlcafgenent
300 may achieve very high effective aspect ratio, i greater than 30: 1,

wi t hout i 4edimatemiys bsesrobiceitiely Weurgd adboptishgilvagty %eﬁﬂwﬁw ﬁﬁw&t@t syl

col i mat gr) ength. By achieving high effective aspect ratio, collinator
arrangerrent 300 may protect a viewport from being conditioned by plasma
Speci es W .Lsft t iy BE, hHAWARALEwRA «@&9&%@5&%& fRhinveh e, Sfowsiaght . [Para
511Fig. 3B, In accordance wi th an enbodi ment of the invention, shows a
sinplifi exdip isierkimiaic of 4 muibpsRRoRERt ol ﬁﬁtﬁ&%maﬁfr’aﬁgénem“‘g*?,@l& As shown
in Fig. 3;d | L BE O R fof 8 Yi REcCoNfgur ed W th
a first col I:?]?L}lrt;rgng )%%gll ‘E’“gqé‘ !sdgglk"%lm'cg)fﬁ]nﬁt or%g?%ga(?@each“enﬂ I’Itnr om a

si ngl e pi¥Candh sermnérelhmatoF ¥t nawint inrataolk ¢83H santieaclonsing 839.i mat or 334
are separated by a connecting region 334. Collinator arrang- emem 330 may be
fitted infforafblext esnbdwhioubd mgolfm@remn opFigvEntlirglcalimates patisegmdunwant ed
| i ght sour o/ 4 d out
petneen HOGETESH FfipBSREF 203k ABRAREL, R oA AR AR ARETIAET OV
313, col Immmcna}' namgm;rmmm zﬁi&@)mayuﬁre srmt:;hmrreﬁ dmreamwan»ch hglkduumlk m‘ | n an

?gggg:aggg:? R}al?i aI%( h]'é”@fus{wé h%l nxgﬁptsgx 9 5 mammdr}aihe ngﬁég rag? Xabl? dxﬁ%act er ng?
each hol emtib engeixeedblealst. i mat or, and such, in accordance vmth an
enbodlimt. -Thus, first collimtor 332 and second collinmator 336 may be
manuf act i fPaek 5‘11 a rﬁndembaha&meﬁtbt mahmmm mmelmovelcym&mwm‘momaml onal | y
avai | abl e t ool col l.i mat attain
the i ghesp PR sYeaF R TR L apu Mo R P RIS Bhou
incurri ngeaﬁﬂd’eb&xht@(ﬁiax@%talwddQ‘\ﬂBNaQ\Keenbye &thmmmg ahlembbdimenil ivaat or 332 and
second. coI | i mator 336, colli rrat or arr(ilpgl 330 %‘é?chl eve hi %her

ef f ect | verlAEPRRYOT PG pHA HERLTH B Bﬁ’%’n?l‘%ha?" ARG OO si ngl e
col I'i mat ofiryn)diadnd 3 SPokhdibdst Blele¥fectbRlobiot®Bd:@s. arrangement 330 may be 'a
single solid piece of material. As shown in Fig. 313, first collimtor 332

and secongagokt]i MLRLLSIOindTie wsemraatadubw AukoRngohimgoliagioon 334, In an
enbodi ment, connecting region 334 ? be machi ned to create a void area 340
t hat may H&"*P‘%W*f“&ﬁ“‘é’df?ﬁsi"’aﬁ%‘i%?‘i Dy ¢ plaralipy of fagthods Bracepopicg REthERt ween fir st
col Ii mat OfniR3dn @i 8 € GRBEI ROk RlireBS ray AR cAENARN 3G coflinfRE R Miag first
col limator 332, second collimator 336, and connecting regi on 334 froma
single urdlignment. beay eyl {Af»hwjhme*@hf?@Fld)o\feﬂrontfa@uh}wtbﬁﬁ%ﬁ#ﬁ\b@t ieie t he

col I'i mat ofgy. ¢ B, 3HALELAR, maqxnoagtfémg REGIANLSIAHTRY] SEIY oSt @ySeparati on
for the two co fl mators and [ engthen col |'i'mator arrangement 330 to i ncrease
the ef f ectallireetesii@de sovet dson depridesy foridegnpining tbe depHeofeedionde peemalt he

O b TR Okih 360 TRAARLIGR WP H AR PRG kel B fTBYGPRRY LR & ne of i oht

wth a pt ance
rotational alwnmwt kw tm first collimator 352, in an embodiment.
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[ Para 54j Al t hough col limator arrangenent with two collimators have been

di scussed in the implenentation O Figs. 3A and $13 to illustrate a nethod
for attaining high effective aspect ratio, other arrangenents may al so be
enpl oyed that nmay have a. plurality of collimators, e.g., nore than 2
collimators. Consider the situation wherein, for exanple, a user may need a
collimator arrangenent with a shortened | ength of the aforenentioned void
area. Col [’iirm'aﬁbr arln an@ahsam W hiagmdtim enbddugernr: ef th: dneawe, t\dsvrixaae&mnm(ﬁmr e
collimators lﬂ) r%e ? 't \%}te; o h\ fore ntloneq vai d.are o s, the
| ength of mt“h © VOIE A &8 CHEY r‘l‘s’gach coq' Pi‘?’f‘é‘f‘or* R0 KRERE féf"f’%cft \%"

reduced V\bét m&uﬁﬁgmﬁenm&nbdx%gabf SCdrhdl Goddne RS gahitayig, ﬁS@ﬂ%vﬂhﬁfdaﬂne [ Para
551Fi g ordance with an. enbaqdi qen}hof t he |{gvent| on, shows a

. C
Sinpl i1i o B AT M RNSG A% by P RaRt TE0t Kotz By angorent 350 A

shown in . 3G, _ onen ||IITB.t r arrangenent 350, may

confi gur eEl \% {’ﬁ] a m}hé‘t*“lblbqn?}%&ié?d“ %Fﬁ‘d‘ Igousy ééﬁg e dgP PR ‘I‘;gb‘l t o nount
into eac h%Leﬂd;ii@fi;ﬁh!ﬁz&ﬁ}@ﬁt%&hh@é&l M1135§aﬂu{(§’aﬂﬁex 2B adkBmeS MBIV thhre

i npl ementati on of Fig first collimator 352 and second col I'i mator 356

are separ ¥t aiof §‘”‘“I‘~1‘?‘ %“‘éﬁﬁ‘@dﬁ“ﬁ’é‘ﬁf“‘ apherriepdi ey na o9y chae perlvchi ned
mdependen;; in. terns of the -nunber of holes, spatial array, dianmeter of
each hol e’ ¥&filk h Stengigliy iipa cofimaton araigementHig oy gmply e glurliapor may be

nmachi ned {diihlershihg ARSImcAt bRBRRhEATRAGHE: FRtbe Qritdal %r%ﬁﬁ%&@ﬁﬁtﬁm@&% [ Para
571In an enbodinment, Tirst collimtor 352 and second collinator 356 may be

mount ed | FRLSCERe FopRamop! s prilcAlAnCHBRSTPR BB gues ol mpatedd astslsirnge 358 may be

enpl oyed tQukQta d?mﬁ@ﬁ@aliz%% &ﬂe@&iééq%‘q%éx&ﬂ{@l‘!&ﬁ}éﬁ}e&“’e&%ﬂ Mb&%@s@@! dimators, in
an enbodi ment. As aforenentioned, the separation feature external housi ng

358 nay somyatiee! pechigiaiens! contral ﬁﬁmrmim@nrg@mmnb%@ neesiancloestes- t he
effecti Veglﬁﬁx@@xcého{}f%ﬁtohg{ Rﬂﬁ&»5§%§m§ﬁf3\§(\ ét'h'% Eh@odintne ot 18 dﬁ\bh%lﬂ‘%”t of

mul ti-conmponent col |'I mator arrangement e achieved by -a plurality
of et hodgmplifedssbondiamt e nwiti- mfamﬂemmtlnmmm@d retet (o) evithiabpnm&eyi ng
feature(s%um be configured on a collimator to attain alignment. In an
exanpl e Irst collimtor 352 may be configured with a first keying feature

360. In a a?zm‘}gd I m“;l‘ﬁ' tm e{agg)get Thﬁy{(g@){}ﬁg@: Hﬁ {§1(}§3§ %X l%?’%ﬂlfd% (E@Q Y{dg %r ed at one

end of fif | i nat ermnln t he
dept h of démseud smthldrttrﬂ cebkmama{l% h‘bmsLmi@n%&ﬂwmehsmabhmeécytoaand%/xert in

concurre ngg(!s}{ on réi ?\thlﬂglg w Hi& 3?& gﬂa %faﬁ,éﬁeten of g\tgrggi %Eu'm?z&aif)’? al i gnment

key for f an e
second {.ollmmwl 406 may bc moanted with a movement stage 408 for alignment.

Movement stage 408 may be configured to allow second collimator 406 to have translational
motion, rotational motion, and/or gimballing motion.

{Para 63] As shown in Fig. 4, translational motions may include movement along x
direction 420, v direction 422, and z direction 424, Rotational motion may include clockwise
or counter clockwise movement, as defined by an angle § (426), around external housing 402,
Gimballing motion may inchude tilting of second collimaior 406 around an arbitrary point
428 i space. In the implementation of Fig. 4, second collimator 406 may be gimballed in the
x direction 420 and/or y direction 422 around point 428. Furthermore, other methods of

moving second collimator 406 may be employed 1o align collimator arrangement 400.

[Para 64] By having the aforementioned alignment capabilities, collimator arrangement
400 may be optimized 1o attain the highest opticsl signal intensity collection. For example, 7
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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[ Para 591l n accordance wi th another enbodi nent of the invention, keying
feature(s) may be configured on external housing 358. For exanple; a second
keying feature 362 may he configured on the inner surface of external
housing 358. Simlarly, second keying feature 362 nmay al so be enployed as
an alignnment and/or depth keying methods, [Para 601Al t hough keyi ng net hods
have been discussed in the inplenentation of Fig. 3Cto illustrate

al i gnment saaRKccogpich akgly kRg 1ﬁﬂkhl@d§puu§ﬂ;ﬁﬂlr mﬁ‘i‘mge{mm@ umﬁxmth&qmt he sane
and/or different features for alignment and/or depth keﬁl X a S0 be

enpl oyed. ”?Pé &“@i¥@éﬂ§?h?¥§fm1W”E“EBPfWﬁﬁP%?béﬁﬂéﬁﬁgﬁﬁ R 404 wiotenpl oy a

pl ural i tysRbndc@ihfft06s ;oxté\ﬁmgiel SEHRINGRRENRBD nlad 8o 6Rkbd BRI PESHMRY be
critical for optimal signal intensity collection. "~For many of the optical

i nt er r ogatigdn® tABEhwitkfuesimat dirgcr e ¢ichb s wnth ileveestrceemang e inrgdafoon
dlanetrlcglkxﬂg gs8f. i des of a vacuum chanber. As such, macroscopic
transl ati ona rotational control of the full collinmator assenbly is
necossary ik off 0 SublREl: 8 LANIE M qickh Oy ofnBHOVSchily AEGRE R0GRL M LD an
enbodlnen t'he invention, a si ds I - conponent

col I'i mat omanbs émgfecwen%% c(mem)z zwxmhomdngwnemmf ieatlani@g: ot[al?dmaal 62tponean

exanpl e, ) ent lipmtor. arran Lonf red with
a first C}é[?} dm nﬁﬂﬁ%@@ e g?#stm ¥ et g 0oy ‘gﬁmﬁ%&’ ‘ﬁ’ﬂ mar mdrﬁ%?&gxémtiogg’é fixed
in positi empinahgthe\mnm:ﬂin@m(aromad: uhmnmgﬁi&ﬁam mo amhad aﬂm&; peineftd.in of

ext er nal hous:ng d ﬁ% oII tor 406 may be mounted with a
novement S¥EGE X B ‘“tfd} r‘PSh h ORB rrent stage 408 may be confi gured to
?rl)![ ?\évnsecﬁjé} 30 lyi nbaf}flderéhoe ﬂttuauon xyl?e érrx a}nls %tﬂlg Ssﬁbwgoca!hﬁm& 38&5 g‘gs b%Qr?

transl ati dmahmmﬂtm bm% qnsh@h b AT ikt @\ ene id :halngmve(\dlré@@b KD 4R, VY
direction 422 of.at i ona I i ncl ude cl ockw se
or count e?““c‘,’f‘lb‘é’ "E‘ér ﬂﬁ ’P‘fé"ﬁt"ﬂ‘%‘gm&% R A W"’éﬁ‘{ghﬂr@‘"@( %%')}"3 }é‘r@[}

external heusinige fldRive Gdirealohiing zd@id{!@i’mf&% zh@exleudesxtenhgﬁm%]m second

col | i mat or, %Oﬁ around an arbitrary point 428 in space

i npl ement EfPalngmopeY “Qlﬁu“‘*‘é’éé%‘hﬁmbg‘f f‘?‘ﬁ‘é‘t“d}m&ﬁﬁn M“%&“‘di"ﬁﬁa‘l’%‘é&”i‘ n the x

di rect i ongefhdiQs NMALDE: AbnE ﬁ&gtggorz*rél@au@{a@&ndﬁ; poi nt 428. Furthernore, other
met hods of noving second col | ‘mat or 406 may be enpl oyed to align collimator

arrangeneffar£080. [ RanBustdeBih 1oMnR&idnbE nRfhesL MRML AReshel MONSBMHay be
capabilities, collinmator arrangenent
eniployed to attain highest optical signal intensity collection for a multi-component
collimator arrangement. In general, other methods for alignments may also be employed to

optimize optical intensity collection for collimator arrangement with a plurality of

collimators.
[Para 68] Fig. SA shows, in accordance with an embodiment of the inveation, a

simplified schematic of variations on shape of g hole in a collimator. For example, a
collimator 302 shows a typical circular hole 504, Circular hole 504 mayv be a hole that bas
been bored straight through a material. However, depending on the need and the available
maethod of boring hole, a hole may take any arbitrary shape. In an embodiment, a collimator
305 shows a hole with an arbitrary polygon shape 306, e.g. a triangle. In another
embodiment, a collimator 507 shows a hole with an arbitvary abstract shape 508. Thas,
depending on the light collection needs and the available machining technology, a collimator

may have bole with any suitable shape to optinuze for Hght collection,

[Para 69| Fig. 5B shows, in accordance with an embodiment of the invention, a

=

simplified schematic of variations on hole diameter tapering through a collimator.
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400 may be optimzed to attain the highest optical signal intensity

coll ection. For exanple, z direction 424 translation my be enployed to
fine tune the Iength of collimtor arrangenent 400 for specific effective
aspect ratio. The higher effective aspect ratio may translate to snaller
acceptance angle for a particular optical path. In another exanple,
rotational notion nay be enployed to fine-tune the alignnent, of the holes

bet ween f irfagttiosglyl, h FEik e)qrboé&ﬂqua&d{ ©foug R s emeel ld jiBteE 2 408 withakmexanpl e,
second col ] i nator 406 may be rotate ﬂto a specific angle 0 (426) %o t he

opti mal dAREEE’ Ioeh f"*"éi“&h’t‘“‘\i@i‘ o éhy g bt fﬁt&‘éb’?‘é‘ﬁ&eﬁ%ﬁg%‘fﬁd}o

parti cul ap;PBé ta ?&%d RAtake alyRAKiB 8 ThAReh N8I cdnBRIRE aRfioiGRACBREbE al | gnment  of
mul ti-co. nponent tubul ar assenbl'y may be the skew. As the termis enpl oyed
herein, sRegiansamginiae thagrge obeccupuicaior éorpiswentrirtiasban i nt ended strai ght
i ne. The skew may be fine-tuned in collinmator arrangenent 400 by enpl oyi ng
the gi nbalff¥adOhot idsrhewn i fig. Yoeasalirebr Fihitcorined @R o WiderfEity poi nt
428 in spROE si Ny ALl B&hdi@Mnd 2 QedRdnde 914 ﬁcats‘e&l?zd‘k?ﬁsete{rpﬁtﬁx@o@@;] &Rngd der the
situation wherein, for exanpl e, second col l'i mator has been determ ned
to have aastuakedghens, thy 4"1“i“ﬁ@t‘érfsb*(hﬁﬁ')"1?ﬁl% ﬁelnmgdtawfé Jamgitprad sgcond 4919, Si nce
second cok t y. Q gibq [ E col i mat or
406 may he 4t Wﬁ 395;;1‘8&9;115@ fi ﬁgﬁt’pois' it iqfi\%(egﬂ?g?l?egd '%YE @5; 1é(OtQ? %B%Ensat e for

t he skew. dByeasinployiongstietigi.nbab birnghtnapeiian, col | i mator 406 may be
fine-tuned to attain the highest linear alignnment relative to another
conponent [Paga il filn stoticokmbodiport, 404limitPard 167 nlguict fuktve at ede ¢l a

af or ement .0 o to

at tai n i GGE SERRANHR Rl e Bl Rl TR AR 28 (DL BHEE et
coII|natodqﬁrﬁwn@emmnhuLhmog@ﬂmnabriﬁt%e&mnﬁkhnﬂ&(ﬁamuaMﬁgnnemtsmﬁhy al so
be enpl oy
arrangene in
accor dancenlimihr 200 x@:{tﬁﬁde mﬂast widlh dlttbam distesttd, on,, fisst bolapl inde;dc@d heimt ic of
vari ationg | e .collimato

502 shows 4" M?@@r Y r“é\il“éﬂr"ﬁﬂ%ffé “8’6&"*’“@#‘?‘%‘:‘?“&#““Frcﬁrr )‘(’%ng“’ﬁﬁ\‘z" BEEol e t hat
has been bmr & técan@fbinkhr Rughoaoas ef babodutigwever , dependi ng on the need
and the avail able nmethod of boring hole, a hole may take any arbitrary
Shftpe I nﬁa‘m eﬂ]bodimﬁﬂﬂm fiaxiB iy d}t}‘{ﬁirﬁhbﬁ(i@\ i&E@M@QC&’l bos Rolwtiird;g@ R | ?r bitrary
pol ygon sha, ngl e anot ner ne a collimtor 507
shows a htﬂ'g"%”t Hcﬁlﬁ“‘g%f‘{ﬂ? F?@%\gé P‘&BB“’@%&%‘“S‘B’;B ‘%‘ﬁ&épﬂﬁé‘ﬁéﬁm"rﬁd on the
i ght col hagtireznnendss and Wilhe mvahd ablefraiRGhbRI NYLLE GHRE! R colidnad | | Mat or

may have hole with any suitable shape to optim. ze for tl%ht col | ection.
assembly reduces Hne-of-sight light acceptance to some arbitrary angle, theta, based on

ﬁ?wcrl st dti_lﬁxtt limlnuo? ci)ii?fzm?m 376 Q i vm}cyqrbm £y ¢ %}}}d‘ Q%é 11# .an em% A('Im]ﬁm

aspect ratio. However, additional light, at incidence angles both smaller or larger than theta,
may be guided throngh collimator boles due to reflection off of the interior hole surface. Thig
additional source of off-axis light increases noise levels and requires minimization. Methods
such as using low albedo materials or using tapered diameter ¢collimator holes are two of
many methods which perfonm this functionality. As the tenm 18 employed herein, tow albedo

materials are materials that may have fow ratio of Hight reflecting off the surface.

[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
colhmator end 602 ruay be configured with an array of holes 604 being arranged in a simple
linear rows, ¢.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 being arranged in concentric circles.

In general, other arrangements may also be emploved for placement of holes on a collimator.
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[ Para 691Fi g. 5B shows, in accordance with, an enbodi nent of the invention,
a sinplified schematic of variations on hole dianeter tapering through a
collimator. Traditionally, a hole is bored straight through a collimator
to produce a hole with same dianeter through both ends and/or through the

| ength of the collimator. However, the hole nay be tapered to have any
arbitrary function, i.e. continuous and/or non-continuous function, to

m ninize {hea angl e Rf 68cEEPRL aneeorkiaice aipanhdulidkenogthCialespash. [ Para 70] As
shown in Fi éSI a collipator 3%9 s .configured to have at one end a.
first hol %“‘gﬁ‘} enatic o8 AT ORI RS Y %”b‘é e dn 8 gmppdigenteond

di aneter afllihdier Qler nelde chifigardenodi Wenbs hdde2diemptein@fedititstighol e 512
may be Ia%ger than the di ameter of second bole 514. In an enbodlnent first

hol e 512 YH@dgedond *REranma.dhegeasibion Aeciodey refptive tp thvauge o eellivator gyl 622

conti nuoug, hAGL !e Ql@msukf @y be ﬁ"sp & thztﬁ 1ARehd 789 hRab@erthoBindpLher
enbodi nent, a collimtor 520 is conf |gured to have on one end a first hole

522 of a ¢qlimaoindbeR sey berenjigbed adth astaray ghiolasHid biging eontisuredt g 620 to an
arbitrar ys;ﬁﬁgm&%‘km Q?»bﬁré%tlgvﬁ ﬁé‘ﬂezﬁf%mk%] hoed %u %{z\’m@m@?&@ﬂgmﬂﬂ l,e 528 of

a second. ‘di'aneter strai rough i mat or
same ar bi tadddy nohe e hbmaﬁ%lt@a&vuetﬁﬁmfmmmi doislty rrhiﬁxgholﬁiﬁhmytmweedhol es

Wth diff ‘r‘le(,q m(;l&gfgg&ﬁﬂl S a&mx 5({°|{5§er 0@ 52.2 and second. hol e 528. Each
hol e may have an ar 5 |nuous fru-teflon, e.g. first arbitrary

function ﬁ’%ﬁ? ?ﬂd/ Ol xé%@%ﬂ szkEJ;rﬁ% ceﬂ»@ﬂ%'e%@o@%@m df@beaiﬂsfe%msh%' ment. [ Para

72)Wth t Xi bi [t var I anmet er 10l e through a
col I'i mat ommpbzmabslchwmt,@f ‘»mymbemdawgmwnm hcbk kimiresmptd ilizedot dn ewl | ect

la:']glhfa fr Oﬁnbd)ﬁgn'q CS é* ’trlrg (&r m(g %‘.?h mﬁ}é{m uméégré%ﬂb "P gxda\cﬁefe}mﬂ % F@fmgfgﬁft i’;llngﬁt

accept ancemntigursd wizh aﬂ}hndd’zhdhwzamginet, e. t'hhitaimtbaasﬁ Hol eskvtaspeld’[emﬁwameters

| | oneve. r . both ¢ | rger

t han thet%‘ﬂ“ﬂ’g%/r %ﬁxﬁmﬁaeﬁ ‘?WPE‘{?@ ﬁ“‘% hb‘r‘é*g“&gé‘l o] ﬁ}f’g&f"’ n of f of

t he i nt erbedig dahigrsdnviing @imdhi SisBidtidn D@ad disﬁbklilﬁﬁ Fholef «f)f-taﬁéb Qitferqght

i ncr eases_.noi se eveI S ﬂ cL[U gw res m.ni m zat t hods such as using | ow
Ay el

al bcdo na‘é’é*?"?‘érl*' THFCNEE agerdlistiition mag) Ff‘*??a'ﬁ HOROTEEOH8 ' wo of many

met hods  Whitdlzd¥er hdrédut B Holld &ed ARGLLORANL biber AdwE ARt M i s enpl oyed herein,
| ow al bedo materials are materials that may have |low ratio of |ight

reflectingaef fsit he 181y, fraC@tinhbar fraddshici, b @NMMGer il iRGGRAGANEB: W th an
enbodi nent of the invention, a._si l'l fied schematic of variations on hole

pl acenent oPtigHzed Teidials digpeter, holg k&ﬂthe%bawﬁbrw PCEIBE FHREeb O RECE ey be

conf i gur eghiiidatin2Rud6 1% imdel (ﬁ@ulﬁgi@)nb@h@%rﬁﬂl{ @Q%anﬁ‘; Br SlcRlaGyd | Near
rows, e.g., the rows are one on top of another. In another enbodi nent, a

col | i mat oRt%Hpweops Fagalibeoidenbady it aingie healifmapy st lestamihe seleng
arranged ;g(@,tg(ggg&g,t&b&&gkrcl es. In general, other arrangenents may al so be
enpl oyed for placenment of holes on a colli mat or .

[Para 77| As may be appreciated from the foregoing, embodiments of the invention
provide methods and arrangements for a moderately sized collimator arrangement
manefacturable with traditional machining capability. By machining each collimator to the
highest aspect ratio achievable with traditional machining technology, cost savings may be
realized while maintaining control of the low acceptance angle for Hine of sight. Furthermore,
collimator arrangement with high effective aspect ratio may better prevent spectral signal
drift by providing effective separation of viewport from plasma species. Thas, the proposed
collimator assembly significantly mereases MTBF (mean time between failures) for optical

components with direct plasma exposure and reduces overall system costs and downtime.
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[ Para 741Fig. 613 thows, in accordance with an enbodi nent of the invention,
a sinplified schematic of variations on hole density on a collimator. In an
enbodi ment, a collimtor end 622 may be configured with an array of boles
624 being configured with high bole density. In an exanple, the density of
the holes relative to the area of collimtor end 622 int high hole density
may be up to about 65%to about 70% |In another enbodinent, a collimtor
end 632 may EEwﬁG&Figﬁ&ﬁ&ﬂh%ﬁ%ﬁuﬁ@uMmbayuhhghmdQSmﬁﬁ4ﬁbekn@p@ﬁm¢ﬁgured

with a sparse. hol e densi

relative YBPYd RO digrepre &%ﬁf‘r‘l"ﬁﬁtf’b’i”“%ﬂggééé‘* e\ “g“g‘ Béﬁ? ?ﬂb‘b)nf”b&éb%‘{?f 15%

I n gener alof 6keiRSdkipn OAlsb Be N, @@y aﬁaqutta@z a8 p@ﬁﬁi&d b(ima foalohiamehes end

may be about 5% to about 95% [Para 75 6C sho ccorda ce with
an. embodiehtuld potiRastdioSasyh thegee Flﬁefcf“é’a“ e, tS“B‘ SQ/téFr‘}(’éﬁ‘ tg‘ﬂs on a
di stribut iy 9% »RAl SuhARBLATSoIRMpReR g Rk Shodd ”&d@ RIHRRI bR hresedt
collimator end 642 may be configured with an array hol es 624 bej ng
confi gur ethveRtion. HlpwRcarioe seppPlstRearpvided dereingitdg 1§i€ﬁﬁ*@6l§‘ﬁf SisoPsaRBlees of
two diffepeft qtg’h@g%(ﬁ{o? ismlliﬂmaﬂﬁltxté%fequhgqhs@ﬁ’én BrG&, Il MRLGTcN, 2 §22 May
be conflgured an array of hol'es 654 being conflgured Wi th a trinodal
di stri buti effn” ute@s wha» aire F nbistiieon e Ryl Eds Bereftie béended hartkhollovaget er s,
In general, t?gbxﬁ% 9191\5%”‘%{%8‘5:&%(&&Gzlbmtliﬁdwoﬂ W STBYiRERRY p@HREHEHAL Yud
dlstrlbutlon area covgrage or “any ot her
factor desired. ecﬁzﬁ’aﬂeaxtsmla'fhusbmrﬁw tenecpirit mr@tcwe drleanepentantentiemach col | i mat or.
may i ndependently be optim zed for hole dianeter, hole |length, hole shape,
hol e tapering function, hole placenent; hole density, and/or hole dianeter
di stribution. The various pernutations for each feature nmay allow for a
plurality of nmethods to optimze a collimtor arrangenent 10 attain the
sane |light collection efficiency. [Para 771As nay he appreciated fromthe
f oregoi ng, enbodi nents of the invention provide nethods and arrangenents
for a noderately sized collimator arrangenent manufacturable with
traditional machi ning capability. By machining each collimtor to the

hi ghest aspect ratio achievable with traditional machining technol ogy, cost
savings may he realized While maintaining control of -the | ow acceptance
angle for line of sight. Furthernore, collimtor arrangement with high
effective aspect ratio nmay better prevent spectral signal drift by
providing effective separation of viewport from plasna species. Thus, the
proposed collimator assenbly significantly increases :N TI3F (nean tine
between failures) for optical conponents with direct plasma exposure and
reduces overall systemcosts and downtine. [Para 781Wile this invention
has been described in terns of several preferred enbodi nents, there are
alterations, pernutations, and equivalents, which fa within the scope

i
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of this invention. Also, the title, summary, and abstract are provided
herein for conveni ence and. should not be used to construe the scope of the
clainms herein. It should. also he noted that there are many alternative
ways of inplenenting the nmethods and apparatuses of the present invention.
Al t hough various exanples are provided herein, it is intended that these
exanples be illustrative and not limting with respect to the invention.
Further, in this application, a seﬂﬂé$nﬁg" items refers zero or nore itens
in. the set. it is therefore intended that the foll ow ng appended clai ns be
interpreted as including all such alterations, pernutations, and

equi val entls Ameftaldlfombptivhnintem®ghticreofgpasmad during Hasreprotesting, saidesent

invention, CLAIMS 1. A nethod for, optical interyogation of plasma during
pl asma pr GlasEginEecesEng heipe aet JEEEH IPl@S%P’i‘?ﬁe%@lgfch‘ & $fing a pl asma

pr ocessi ”Qn&lﬁ@d%gﬂ isi@l- d net hod conpri si ng: provi ding a collimator
arrangenent 1 nsi epnssglﬁd pl asma processi ng chanber, said collimator

arrangenment i npterdding aapllingsiet arsangement isHilé saidplasma arasessorgchaoiber. nat or
Sgipgr S;ggﬁfﬂirdg@ li,sr‘%hgrt %*Ifarnsggmgr%l ih(lzllqgi%g "t leng% t?rstrrc%\ﬁ‘leggtg%, argggom%ncioﬁ%gtgy pled wth
separated from saici first collimator, and a movement mechanism coupled with said
second collimator;
coupling said collimator arrangement to an optical viewport, said optical
viewport being coupled to said plasma processing chamber;
moving, using said movement mechanism, said second collimator relative to
said first collimator; and |
collecting optical signals, through said collimator arrangement, from said

plasma within said plasma processing chamber while a substrate is being processed.

2. The method of claim 1 wherein said optical viewport is optically transparent to a

predetermined range of wavelengths.

3. The method of claim 2 wherein said predetermined range of wavelengths is from

infrared (IR) wavelengths to ultraviolet (UV) wavelengths.

4. The method of claim 1further comprising fabricating said collimator arrangement

from a monolithic unit.

5. The method of claim 1 further comprising fabricating said collimator

arrangement from multiple components.

6. The method of claim 1 further comprising machining said first collimator and

said second collimator independently.

1600



coupling said collimtor arrangenent to an optical viewport, said optical

vi ewport being coupled to said plasnma processi ng chanber; novi ng,
usi ng said novenent nechani sm said second collimtor relative to said
first collimtor; and col l ecting optical signals, through said

collimator arrangenent, fromsaid plasma within said plasm processing
chanber while a substrate is being processed. 2. The nethod of claiml
wherei n sdi cTh@thb%dORAI@prfQﬁhCEC%PHI%%gI y transparent to a predeternined

range of wavel ?%%’Qﬁgah% tsgl %é%hﬁrgb&glag\gﬁ% Sn sai d predeterm ned

range of wavel S®I'S ro rar wave to ultraviolet (W)
wavel engt hs.  4singheorréding nm‘mlfelrao ohchtk urvolibsires begreks baid firakoilinadtomg sai d
col | i mat or arrangenent from a ngnollthlc unit._ 5. The nﬁ‘f od of claim1l

further c@ﬁéﬁi‘1§|°ﬁ@1mf’é‘l?fr?@&%t|eﬁ‘é spidiconpertingamember beingaiiached o aRIgEI i pl e
conmponent %f s8d fi fm%ogﬁﬁdi&dagécoﬁh ﬁaflal e&&%&u&gﬁeﬁméﬂ %@&%héu Rnsai d

first col l'i mator sal d secon I mat or 1 ndependent | 7. The net hod
of claim bdgmofdwise&:om«:olhma@r,ahdspom ng a housing inside said plasm

h ti t t d
Detween sai o 1 Aepsipg v fatlapanaos B Scni calironon and s Foskatd *sai 0 o

connect i NgndiREdR eisiRSaibhdsigched to an edge of said first collimtor, a
second end of said connecting nenber being attached to an edge of said
second col i nmator; and

8. The method of claim 1 further comprising using at least one keying feature to

align said first collimator with said second collimator.

9. The method of claim 1 further comprising using at least one keying feature to

separate said first collimator from said second collimator.

10. The method of claim 1 further comprising:
inserting said first collimator into a housing; and

using a keying feature to set an insertion depth for the inserting.

11. The method of claim 1 further comprising using said movement mechanism to

align said second collimator with said first collimator.

12. The method of claim 1 further comprising linearly translating, using said

movement mechanism, said second collimator relative to said first collimator.

13. The method of claim 1 further comprising rotating, using said movement

mechanism, said second collimator relative to said first collimator.

14. The method of claim 1 further comprising tilting, using said movement

mechanism, said second collimator relative to said first collimator.
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di sposing said first collimator, said second collimtor, and said
connecting nenber inside said housing. 8. The nethod of claim1 further
conprising using at | east one keying feature to align said first collimator
with said second collimator. 9. The nmethod of claim1 further conprising
using at | east one keying feature to separate said first collimtor from
said second collimator. 10. The nethod of claim 1l further conprising:
inserting said first collimator into a housing; and using a keying feature

to set an isSlelhARod!SPlfn] PhutiP coBatink Blbidind at ILAE 2 WBINBAAT figmal m 1

further conprising using sai nismto align said second
col |'i mat ora fidst éndsaiachdléd atllimatok inamseeond eddof shivkhoted baltimaforcdazd Imoléd f ur t her

conprising linear]y trans] at] i ng sai d.povenent. nmechapi s sagi d second
col | i mat orco}llép'i‘%?’f ng gng '%914‘ ﬁ‘gg‘f‘ﬁﬁ‘@?&' ﬁ’&‘h Ba}lc.ms)ecfg c%‘éna&fgt ﬁ’&fﬂ%ﬁe@ aim1
further coa[m[,gssgeg@m{&t@;dmebé{ﬁéagog?bg. movenent mechani sm said second
collimator relative to said first collimator. 14. The nmethod of claiml

further conprising tilting, using said novenent nechanism said second

col l'i mat or ativ o.sai d. f.irst coll.i.mator ... 15. Th claiml
Further  cokfbr e gned 81} Rt efpritiTR brtviqins e HIERREL four %ot 2
hol ed col I fit ed 1 lbl&EEAtha®Rtb Hectad endof @il kelbd toltitmartor, sitd holbd| ed

col limator being one of said first collinmtor and sajd second collimator,
t he shape wilimater being eaeof wifl trst cellimainsaad prid sepord gellipater, said hole

having a tapered structure configured according to a predetermined tapering

function.

17. The method of claim 16 wherein said predetermined tapering function is a

continuous function.

18. The method of claim 16 wherein said predetermined tapering function is a non-

continuous function.

19. The method of claim 1 further comprising providing at least a hole formed from
a first end of a holed collimator to a second end of said holed collimator, said holed
collimator being one of said first collimator and said second collimator, said hole
including a first portion and a second portion, the diameter of a cross section of said
first portion being different from the diameter of a cross section of said second

portion.

20. The method of claim 1 further comprising:

providing a first set of holes formed from a first end of a holed collimator to
a second end of said holed collimator, said holed collimator being one of said first
collimator and said second collimator, the cross section of each hole of said first set

of holes being of a first size; and
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16. The method of claim 1l further conprising providing at |least a hole
formed froma first end of a holed collimator to a second end of said hol ed
collimator, said holed collimtor being one of said first collimtor and
said second collimtor, said hole having a tapered structure configured
according to a predeterm ned tapering function. 17. The nethod of claim 16
wherein said predeterm ned tapering function is conti nyous, function. 18.

The nethod of calr@\rldmg@m@deqehofslml%lﬁf@a@fiémﬁ@éfwﬁedpﬁg helgdction is a
non-conti nu us f si ng
provi di ng cﬁﬁ é efondf]eglrd r?gggfi rm‘grﬁla%% 1:IFHrlastt8 ! Zﬁ i S%Et#}f&fd& i;')ﬁrﬁ{)l:errat or to
a second Qﬂ@alﬂfsecfoaxd(iem}ﬁﬁesdﬁidgi dfatsecondssizecthhiok differatt|fiomataid fioeisizg. one of
said first collimator and said second collimator, said hole including a
first portion and a second portion, the dianeter of a cross section of said
first portjo [ of said
second pord o BRI pUTOROHRAE iRk R orl RS g o
~ provi di ng prodeksing, sarttdiagnoliid wel bangrechfiguoerd far bise isside aglasmagroesissiog

col l'i mat or a secand end of said holed collimtor, said holed collimator
bei ng one‘%@ngg%ﬁnagF§?0%51P?ﬁQPBFwEWd sai d second col | imator, the cross
section of each fQf &IRhatpai d first set of holes being of a fi rst si ze; and
providing a second set of holes is formed fromsaid first end of a hol ed
col limator to saiedobendhimatendndf said hol ed col limator, the cross section
of each hole of said s con [ f t is
di fferent fromaslgf’ﬁeni’? Jpecgt m?rﬁ cg&%g?kﬁglsgﬁﬁg nQicco 6@?[8?{%9 n§dVﬁ?%)grantﬂ(‘?ng
optical i nfegsdda@ith§or w‘latﬁzleas%ddiwtlcagmwt@sna processing, said diagnostic
tool being configured for use inside a plasna processing chanber, said
di agnostic tool conprising: a first collimtor;

22. A method for optical interrogation of plasma during plasma processing, said

plasma processing being performed using a plasma processing chamber, said
method comprising:

providing an optical viewport;

providing a collimator arrangement inside said plasma processing chamber,
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 being
separated by a void area, said collimator arrangement including a movement
mechanism coupled with said second collimator;

moving, using said movement mechanism, said second collimator relative to
said first collimator; and

collecting optical signals from said plasma within said plasma processing

chamber while a substrate is being processed.

23. A method for reducing deposition on an optical viewport during plasma
processing, said plasma processing being performed using a plasma processing

chamber, said method comprising:
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a-second collimator; and a novenent nechani sm coupled with said
second col limator for noving said second collinmator relative to said first
collimator. 22. A nethod for optical interrogation of plasma during plasna
processi ng, said plasma processing being perfornmed using a plasnma
processi ng chanber, said nethod conprising: providing an optical viewort;
providing a collinmtor arrangenent inside said plasma processing chanber,
sai d col I i mat orconplingyeetimatds arrapgesenipiewid @ptscafwewppncwd calbmalrt . said
col limator_arran nt i i i i N a first
end and a & 38%%8&35’? ’Inlgr#gﬁ)grg&ol?\lglggS%gg)gagm\gﬂ%&egsé{l%gﬁr?%’43% |1€r%1?{c?))? and said
second coldriafpémént beiliding eplasa hdtistieyllanator, d sacond col Anatoc@phiatedtform
arrangenent _ i ncl udi_ng a mgvenent mechani sm coupl ed. with sai d second

col | i mat orsaid first colimgiopnd gdnewpment gpe reuRietwihsdfhsesfd second

col I'i mator. iighabi.ve to said first collimator; and col l ecting optical
signals fromsaid plasma within said plasma processi ng chanber while a
substrate i s behogngroigsssdmovédaent Avachartigu, faol secentlicolhigatbe pedstiteiton on an

optical vie rt ring plasma processing, said plasma processing being
per f or med Sﬁgﬁrﬁt %insmﬁ@ﬂveﬁpnﬂr ocessi ng chanber, said nethod conprising:

coupling a col | igeals GPticaNGSIIR) thrbeslsal dedRnb o hrrih QYRAE, tfrons &did col | i mat or
arrangenent bei ng di sposed inside said plasma processing chanber, said

col | i mat orplasmawgkimsaid plasphapropessiag chamber whiled & sibsiedle fis bringprocessedcond
collimator separated fromsaid first collimator, and a nmovenent nmechani sm
coupled with said second collimator; novi ng, using said novenent
mechani sm24s ah éheigsiofod redabing Rahitg dfealptival viewsat durfrgrasneoprotessingy ; and

col lecting optical signals, through said collimtor arrangenent, from said
pl asma wi tichplaundpPigeessing hsingresiormed Bsing B @laspRiDrecessiag saambersald pei ng
processed. '

method comprising:

providing a collimator arrangement inside said plasma processing chamber;;

coupling said collimator arrangement being-ecoupled-to said optical viewport,
said collimator arrangement including at least a first collimator, a second collimator,
a movement mechanism coupled with said second collimator, and a connecting
member creating a void area between said first collimator and said collimator, a first
‘end of said connecting member being attached to an edge of said first collimator, a
second end of said connecting member being attached to an edge of said second
collimator;

moving, using said movement mechanism, said second collimator relative to
said first collimator; and

collecting optical signals, through said collimator arrangement, from said

plasma within said plasma processing chamber while a substrate is being processed.
25. The diagnostic tool of claim 21 wherein said movement mechanism is

configured for at least linearly translating said second collimator relative to said first

collimator.
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24. A nmethod for reducing etching of an optical viewport during plasma
processi ng, said plasma processing being perfornmed using a plasm
processi ng chanber, said nethod conprising: providing a collimator
arrangenent inside said plasma processing chanbeci coupling said
col | i mat or arrangenent bei ng-soupl ed-to said optical viewport, said
col I'i mat or arrangenent including at least a first collinmator, a second

col | i mat 0r26. dhadiaghevic taelisHim, lc‘%ﬁ‘ﬁ?l@éa\ﬂlm%"%nﬂn@W ol limtor, and a
connectin ol i mtor and
sai d collgﬁgﬁgggiﬁﬁf?ﬁktqgﬁ@ %%hsal ggﬁﬁég%ﬁﬁggﬁgggé%&ﬁgPﬁg attached to an
edge of sabHinidterst col limator, a second end of said connecting nenber being
attached to an edge of said second collinmator; novi ng, using said
novenent nmechani sm said second collimtor relative to said first

col | i mat oryg él?‘lg dlagnostgzcte{)ll S<AdiRD 10Phd:ER sar rﬁ@@én%nt hitcRHgdm §ai d col i mat or
arrangenent, from-sal asma W thin said plasm processing chanber while a
substrate cnnﬁgafechfprput tnas,tstdtmg sai@ Secomith eoltimmtmraelative tooeld st edlhingtop.1 wher ei n
sai d novenent mechanismis configured for at least linearly translating
said second collimator relative to said first collimtor. 26. The

di agnost i gt ol dfgn6htR tBOLIH MIRr Bl furthéd shbmipsaipent nmechani smis configured
for at |east rotatl ng said second collimator relative to said first
collimator. 2 conh@ctmga@m@rucceatlaga veid arpabetvean sk fiest go §ﬁla€Pr@B@errent
mechani sm i s, ¢ nf| r

rel ative t°6' ch:ﬂ Ilrfgﬁﬂ (S:toe1 |O?ts?ld%8ﬁﬁefgh£ %dr?%&?g%lﬁ%gﬁ&% t&@{é!‘g cl al m 21
further coarfisi crwhmator a seortlomdefishidgonmsthiag nenetet beigg attachied taaea bet ween
said first collinmator and said coJlimtor, a first end of said connecting
menber beﬁﬁﬁeafﬁﬂ%ﬁﬁﬂnéﬁpBﬁwgﬂg@“bf said first collimator, a second end of
sal d connect! ng, yReh! whabRiafd fRE0ARhRY AELIe Lotk +S&aqRg col | i mator;
and a housi ng, erelin sal rst col |rrator sal d 'second col | i mat or,
and sai d aonnetihgngmiwrberdisposedlinsiesaid hionsinge sai d housi ng.

29. The diagnostic tool of claim 21 wherein a hole is formed from a first end of a
holed collimator to a second end of said holed collimator, said holed collimator
being one of said first collimator and said second collimator, the shape of a cross

section of said hole being a polygon.

30. The diagnostic tool of claim 21 wherein a hole is formed from a first end of a
holed collimator to a second end of said holed collimator, said holed collimator
being one of said first collimator and said second collimator, the shape of a cross

section of said hole being a triangle.

31. The diagnostic tool of claim 21 wherein a hole is formed from a first end of a
holed collimator to a second end of said holed collimator, said holed collimator
being one of said first collimator and said second collimator, a first end of said hole
being located at said first end of said holed collimator, a second end of said hole

being located at said second end of said holed collimator, the diameter of said first
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29. The diagnostic tool of claim21 wherein a hole is formed froma first
end of a holed collimator to a second end of said holed collimtor, said
hol ed col | i mator being one of said first collinmator and said second
collimator, the shape of a cross section of said hole being a polygon. 30.
The di agnostic tool of claim21 wherein a hole is formed froma first end
of a holed collimator to a second end of said holed col|imator, said hol ed
col | i mat oengef prid bale bsmeshifferens fram thedipmsier of saidandef w&klend col 1 mator,

t he shape of a cross section of said hole being a triangle. 31. The

di agnostic tool of claim?21 wherein a hole is formed froma first end of a
hol ed col I3Rmathedidghosticeclostdlzm® lofvherainch Kok sdomdd fromtadirst el af ahol ed

col li mat or being, one of said first cqlli or and sagi econd collimator, a
first end hgfedsalimaier © assrony ?t@skooftsal&thedg%ﬁl&nm&ldﬁwﬁediqofflgaﬂtar hol ed
col | I mat Of,e; 298 d ¢l BflirsAbthiachR RedRtdfnaldarinotindlifpond end of

sai d hol e }:I(ﬁ%mator, the dianmeter of said first end of said hole being

di f f er ent firstqportidreandi aseeomt pafios.dhediendtanof 8 giass besition of $aid fiTH@odicagnost i ¢
t ool of cl ai mcﬁtlf Whg%Ei n ad.holge ig f or med .fro¥n a,fi rs(i enp of a hol ed
col | i mat orPeing differepiromdhgdigmetes ofja (rosy 3ecan of jid §7°°nd BPH%Ro| ed col I mat or

being one of said first collimtor and said second collimtor, said hole

including a first portion and a second portion, the dianeter of a cross
section of33sdi¢ diagnestiqiopt ofmlpimed Ingyheremrahalais praed fram aditshendf 20f a cross

section of I dsecan ril -1 Th I td : im?21
wherein a hr?ieladecqugg?@? {rj(r)e%scéf; Er’%%&iél ?tﬁsgréts hoéﬁddﬁé}ﬁ'ﬁgf?) Efosklgic# 02%1 ?Q?Ifrl%% ﬂgrﬁ to a second
end of saigdildmedresdlfirsEiotitmatenard dail @dowbidHimatonysalididighaving of said first
collimator and said second collimtor, said hole having a tapered

st ruct ur e.tapesed stmelIrgi agnostic tool of claim 21 wherein a first set

of holes is fornmed froma first end of a holed collimator to a second end
of said holed collimtor, said holed collimtor being one of said first

col | i mat or34arkhesBaghostictonbofoddili 2iawbereint he cross section of each hol e of

said first set of hole ei ng. of first size,. an . .a second set of
holes is formed Iisbﬁtggh‘ge? *Sﬁgm@ﬁ%‘“&fa géfs%%'l%lé’é a?l??qdi %Hfrﬂ?tof@assﬁcan_ econd
end of saidqRpkad HeRlldolRhRbr, shill hofddRRinAGE bl Se SRGH il &IRhatal d second
set of holes being of a second size that is different fromsaid first size.

35. The di=zgresitsecondomllinstos It erogvseotien ef gach holgiof gaiddirstset ¢fdiodes i s f or ned
fromsaid l;‘i.rst et?d of a holed collimator to said second end of said hol ed
col i mat orPe& ahist2s 88¢i o of each hole of said third set of holes being

of a third size, §ahd éet ofhblE&IsaBimdd RomSaiddirkt dndtof ailokedaotlithaotliof f er ent
from said second si ze. ) .
said second end of said holed collimator, the cross section of each hole of said

second set of holes being of a second size that is different from said first size.

35. The diagnostic tool of claim 34 wherein a third set of holes is formed from said
first end of a holed collimator to said second end of said holed collimator, the cross
section of each hole of said third set of holes being of a third size that is different

from said first size and is different from said second size.
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