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SYSTEM AND METHOD FOR | NTEGRATEDMULTI - USE OPTI CAL

ALI GNMENT by I nventors Andrew Perry, Robert Steger, and
wWeios/0Bopd ami N BACKGROUNDOF THE | NVENTI ON 1. PFpet/dsmi4/025517

the I nvention [0001] This invention relates generally

to optical alignnment, and nore particularly to

integrated nulti-use optical alignnent for

interferonetric and refl ectoneter based en int an
SV EEM SNDIMEE EHIDEOR INERERATIED M b 1T-UsE
Rel ated Art [ 000 f sem conduct or
devi ces, such asé?lﬁltlgg&pe@r@mﬁﬁ flat panel
di spl ays, the substrate ée.g., the wafer or the glass
panel ) may be processed PH"&"HFasma processing
chanber. Processing may include the deposition of
| ayers of j t : ; sel ective
et chi ng of rrt2 g)ré(}l@g%??{k e”%g’ﬁés?}%??s“??@é%%g’é%g’?e a |l ayer
for etching, the substrate surface typically is nasked
with an appropriate photoresist or hard mask. A plasma
is fornmed fronBACKEROUND @F CHH INVEONTEONI ce gas
during etching to etch through regi ons unprotected by
1. Fieldef thhgdrvertiom et ching is ternminated once it is
o008 el At i Roir X e e iorg bRy
integrdt@1 MuRRbdeQptich] diR@nRhCHdr interfdrOheicland refl@tdiBélet Basd® endpoint
the etch "endpoint." [0003] Many techni ques have been
and opéiag| restecdogyrsystedisart to determine when to ternminate an

etch. Faqr. exanpl jninterferonetry, a light beam
2. Deﬁ%ﬂtlé)gtogah% fﬁT'ttg‘ﬁ(gAgtbstrate is nmonitored and an

[0002]€lnhé AEnERBFe bfSsetRERITtBEEVIRES CRIIR b RledtBist FRc@RDT flat panel
mnima in the anplitude of the reflected beamor from

displayse hestbgrptaofe.g Hbe syaggrar thergless pgnel) mar tbiewsocgawed in a plasma

destyuctive interference . .occurs cau t he.liaht be
proces B2 sl o lafieaibEReRe Bl bt ST BBy ebdlaiy e
substrfd@bid fhklsyletfd @ehifg opthk depstacd ayegs). Mo idpaees laykf fok BRhing, the

original thickness of the layer is know, a remainin

substrate purkase Sepieedly ibanasked vridh awappopiatie phefgrostseor hard mask. g plasma

. gty iy L LBo0d . .
s tornfR 4 PR el A R RE IR S8 o8] AP 8 e gy egions
unprotegttd batheBiskoThE ¥tchinglieBmdAted @Rt € D Ildettdiingd haehsitdget layer
) tools typically rely on the accurate_alignnent of a )

is etched Hough o5 hep exschediPiedeterningd thigkmessn Shisdprnuiatigneof the etch is

typicalfpRE Blas hRLRPePYGEr LSt When optimal al i gnrent

[0003] Many techniques have been employed in the art to determine when to terminate an

etch. For example, in interferometry, a light beam reflected off the substrate is monitored and
an etching depth is determined by counting maxima and minima in the amplitude of the
reflected beam or from cessation of the signal. The constructive and destructive interference
occurs because the light beam is partially reflected off the substrate surface and partially
reflected off underlying interfaces. If the original thickness of the layer is known, a remaining
thickness may be estimated by counting the maxima/minima peaks during etching.

[0004] Interferometric and reflectometer based endpoint and optical metrology systems on
semiconductor processing tools typically rely on the accurate alignment of a beam of optical
radiation with the normal to the surface of a wafer under test. When optimal alignment is

achieved, the incident bean is reflected back into the transmission/collection optics of the
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achi eved, the incident bean is reflected back into the

transm ssion/col |l ection optics of the2 optical system
wa@ar@sssaxi num possi bl e signal strength is arti/esmd4/025517

[0005] In order to achieve this alignnment, sone form

of alignnment procedure is perforned that involves

pl acing a reference wafer on the el ectrode of the

. j: t of th
o065 RSB DEHA A Az o1 11
[0005]NBXdritHTo abldevethigtigame, gomne fomi of aigdinagh @rovedure is performed

illustrating a prior _art etch systemlOO utilizing

that ingolvesplpciag d peference wete on die doarads ot thedragesping 9&&‘[@%@@0
s B as PUORE BBy 10 e R KL gl M. o

exampb Figat 1 li)s%@tﬁa@ralmﬂbetrﬁtmgmsmdrtaetcbtﬂm}@tetm e0GsutiliAngadptical
reference wafer_ 112 using a beamform ng sgst em 108.
endpopp defeqtionsypiesi rheyteh syawn"f Hl:,O la sludes PIogeshcRambend 02haying a
wate AT bSO 6106, SHET A og 1 RLSHEATERAE o o
transnﬁtlc&l dirh@ thei sarfees off ﬂéfﬂaﬂm Wérfer El2rdsagen ofant-frantied srsenc £08.

fer 112 and _t he si lected is back to the
l0006h@%ﬁ£°p6ﬂhﬁh@n e ol a@%&&eﬁgﬁed %?Iaélaq Deagnsdoring systeye 108,
[
the refBRAR b Aol 1isNeB il e warhHSL B, Mid dptichifheam 110 then s
emittedohtoi the surfddafod theunfer&lcg watfdri 19 2pnd d&xiﬂlgrml refteetadupback to the

nor nmal rocess f| ow because the r e waf er 11 .
bean-{RRGHnESYSICBLAGGATHEE: A the lgsntg Brat Rming 6%7?%08 is
adjustém{tﬁ e fe¥IP&e®fs rﬁéilﬂﬁ‘i%% af R»%peleiégtﬁs b&ng GHlLdE CUM?Bfth&tely, this

I's beling brought 1 nto production or serviced
procedﬁlnemltalthxpts mrmat patessfhnsbeangsevthé mferencet wafehél2 must be loaded into
roces chanber should be aligned accurately
thepr&gpsgig ‘3@""{%8 I't he position of the electrode within the

[oooncm&la&rt@% Bf RigdhleanBHLIsh BoeLhiRd WRIPA f61 tsasdingd brotigitGsto

and caré measur ement. For “exanple, in one process,
produdtionef eewived. Fhatabot srmp kit Gdnsbers tvsméerwafte thegiracdssin@ 4hambler
| ate is ed. on

oG GBS S eree PLaL | & BOSLioned 80 A1 er. Th

ahgnrrié'ﬁ% fehuir&?ccfrﬁ’ﬁ@i te%f Htuesahd SR ‘Pﬁe‘é’éhr%ﬁ@ntr HoReR4MPle, in one
l'ate. The final coordinates thereafter are progranmed

processm wfirtreepbdois piacmdcmnrthc maf@ybmcéqﬂ(@mld cotraspondimgrrefspgnce plate

. knows the l.ocatio the c ter of e waf

s posilge op DR a9 R AT PG SE RS P o BATHPD g e robot arm i

ahgne!‘I‘é\filtlk‘tI tRe M&Eﬁcéﬂl@te r qiae tﬁnﬁp&fo?dﬁﬁe@ﬂh@rehﬂ@f RE BERSmmed into the
nber have to be vented in order to properly

robot z;mscpomtrohsytstwl sushdhariberqbobkmnsys tBe bsatien of the senter ¢fithe wafer

chuck JBT 8oL B35 BB bpl 1 OB B B operates and
the pré¥eftedntiner RRXit6 Be hintal Pbraced m&pe&%o@iti@ﬁttn@%reﬁ&qg&bs

In view of the foregoing, there’s need for an
Becauggpit iscalime corfuming progessereraligament q)ﬁjhg robot arm generally is only

repeated if wafers are broken or otherwise obviously misplaced on the electrode.

[0008] In view of the foregoing, there is a need for an optical alignment system that allows
optical alignment without requiring the normal process flow to be interrupted. In addition, the
system should allow proper robot alignment without requiring venting of the process

chamber and transport module.
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optical alignment without requiring the normal process

flowto be interrupted. In addition, the system should
wa@bkdosmegpoper robot alignment without requiri NBCT/ERL0041025517

of the process chanber and transport nodul e. SUMVARYOF

THE | NVENTI ON [ 0009] Broadly speaki ng, the present

i nvention addresses these needs by providing an

i ntegrated nultig.use [ Eﬂg‘m@ﬁyst em t hat
all ows optical aSTIin pting the
[0009]”]?1%%#{95@58&% $hd nér?%nt {veRi6h fdg?&gésrfﬁg%’ne@@s éﬂo@ﬁim an

use In a sem conductor ocess
1ntegra<kgdsmem-use apitisall mgemenﬂdyeteDMHMOMIdpgmhgnmysﬁ without

es a wafer huc§ hawlgg @n al |% nmen Ieature
lnteﬂupﬁfleﬁwaloeaah HPeFst H8Yt dp O8tFPae mgpt, @R &P aHSupgRSystem for use
in 2 scfficdh By pBoRCAT ) REMITAiEELE TIUIED i ARRAY snfincludes o
wafer clmicllihaping ed ahgmnenttfbaiumfmgradﬁdunto thétopt dueface af e tvedtrarhuck.
is included that can detect a lifude of the .
In addgjon; ¢ Bpangiforming sysiem, é’ghIBIMS(faP © o} Frgitiienqn eusical signal gto the
allgnﬁ%ﬂ?feﬁﬁl?@ G (illsﬁ&@d ahhIHE Wafefr SRECK Fue@Br, laeeecfoeflé ﬁlerddw that can
| gnnent feature that reflects a portion of
detect apamphtuds iofj thel opbaa;lls1gual emetetle)atn thebgamoent fd:atulan In one aspect, the

addj t] onal n eat can .
alignnEpbiahie e S P Pl i B R Ectof DAL g gptica
signal Bﬁ’ékt fohe Béant 8&eQBL. 1163 -AtidHdAAI a{sﬁeo@ 3RS ali gHrvsHY If'eatuh% can be a

waf er chuck to the detector. In this aspect, the
transmiégnee tabgnmemi f@éurducsmbiedf Hloivong & hertinafod theodniiskl sigipd 1@pass

eeougf BENERT iRy e S8R Bwerned AR B hBhrmaneiow e
waferg{uckhe present i nvention. The method includes emtting

an optical signal onto an alignment feature integrated
[0010]; Atnecthorbfor eptienl abgnraem/am esemmg@d@lctoﬁrprmlng sichécrnfs dipglosed in a

focteifoiog S reEFabiPaH nfedeid MO, ph b gboat signa

onto aﬂaﬁgrmléefe fédhgre aMBErateddBtoqhe &é?@er%%e@dfecbh@@k | galangil @R of the
above, the alignnment feature can be a refl ective

0ptlcalaﬁ1grgxh amiitedrante thealignment featheeds detactodrand srbegm-fomming system is

adjustc? ttgléﬁagcldm%egﬂea gﬁﬁﬂgéghﬁ@% eﬁ%ﬁt ?\;?al %gngp A& arfonfg the alignment

featurd ¢t fetladibe alibh@BiERitufeabhieBedtd@boribh @fEhetortiRhl digikl back to
of the optical signal to pass through the wafer chuck

a deteqter, m@mné»@tlmated[\@mh the beamalermingisystemar eirprsaiifprae alignment
feature %ﬁfag OHVI&SL?. CI?OI (():l’ll B t% 8cal %@gllnt; :i;]gs Hféo%gy ea\';vgf'e} anl?c to the

proces I'hg em i'nc
detectqyafer chuck that has an alignnent feature integrat ed

into the center of the top surface of the wafer chuck.

[0011]Anpa:additionnl avgposmentng pystam sysiscdesed honadisning awpbet arm in a
semic%lgiﬁ(gt%r pl%ggss{nsg s%?t&%b | ﬁm%%t%%ﬁ hdh8& ADafRP Eﬁu%ﬁlthﬁlhgg ‘3111 alignment

feature integrated into the center of the top surface of the wafer chuck. A beam-forming

system is disposed above the wafer chuck, and is capable of emitting an optical signal onto
the alignment feature. To align the robot arm, a robot alignment wafer having a reference
pattern disposed in a central location of the robot alignment wafer is placed on the robot arm
and inserted into the processing chamber. A detector that detects an amplitude of the optical
signal emitted onto the reference pattern then is utilized to determine the alignment of the
robot arm. In general, the reference pattern alters the optical signal such that a center of the

robot alignment wafer can be determined relative to a center of the wafer chuck. For
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the alignment feature. To align the robot arm a robot
al i gnnment wafer having a reference pattern disposed in
wa@2@siesosd | ocation of the robot alignment wafRCT/US2004/025517
pl aced on the robot armand inserted into the
processi ng chanber. A detgctor that detects an
anplitude of the optical signal emtted onto t he
exampﬁﬁe g o nen?no@?)%{tﬁ‘é Rah E@ ? cg?%% ﬂﬁh&ﬁqefepengg %) etrng%%dees a
plurahgad)ﬁ ‘t&lndpa;h fides ih b@a@aﬂ: bepmhentd Qﬂ’tﬁé PSItEEH. Irhtais exaﬁ@ﬂﬁ, efich
he robot alignpent wafer can be determ negﬁg
bandp%Sé |ﬁéﬁer {pecenisred 4t @ pnpgue Sraveleastha Faiother guwuplen; eicappnedattern can

be a 111? e?e?&{lﬁé bt Rt hl% Qﬁhﬁﬁ C}Z of Efr&]\%lfargleftt&%g tg? 2hine along a

ence pattern t
directiba nﬂ‘pramest of thetrebt arm vmepah@toeosmmséms thé raboe abgirhert iwafer into

In this rerEe, each band ass al i s centered at
the PIQFRPSLReC Yol s pio:\g! ?ﬁcﬁ’&c rIHFﬁmFé‘F @eEl frt ¢
utilize& %t lﬁﬁl@dek h ﬁﬁ'élltg %3 'Ilhé'arr e $aflethd %tacﬁ ﬁﬁ{h‘éfi ﬁr%hﬁhng a bandpass
plurality of circular ap rtursma ['i ne al ong

filter cdnuemdtat enngfue twagwlehgtbf Otlhe aspebis and ndvanteggs bf}@e rlmstﬁntlon will
arminserts the robot, al ment wafer i.nto th
becom3 GRS iy LheaB Ml 58 e eCaheay caniicion Fithdre
accombéuﬂgﬁé dﬁ%ésuﬂﬁs@ﬁfﬁgqyr\vw S8ripld the pEHcHRA LS ﬂféclh%gﬁﬁn
a plurality 1 near "apérture patterns, each further
i ncl udi ng a BRIEHDMORIPTKDNCHHI‘HE@’R&WINGSHI que
wavel engt h. Ot her aspects and advantages of the
[0012]; vamvc@mnvwdgbthbewﬁh@rdm ademtages theredhemiybésobe ngderstood by
Lon with t

referet 6 e Ry PRI eSO rgt P D SePuRRY B e ehpi i ovines

" in whitke principles of the invention. BRI EF DESCRI PTI ONOF

THE DRAW NGS [ 0012] The invention, together with
[0013]f Kigtieel isadlizgremdldesttating e pfior ahgtch exstemeltlhmeragtqp@dalkﬁyldpomt
reference to the follow ng description taken in

_A-detecuggﬁi"ﬁﬂgtl on with the acconpanying drawi ngs in which:
(00141 PRIRI2 Fiaditiharh hwhgUnQATch NSzl RGbe Rl -6 oprcal

h systemutilizing an opti cal poi nt detection
ahgnm;cytwemm poed ap reflegtanee, dn a@coada@pagmhmnmmﬁger& of dregpresent
stem having an integrated nulti-use optical
I gnnment system based on refl ectance, in accordance
[0015]@1@&6@15%@@&%H6W&fg ahfé@:HHy@&ﬁfﬂavhﬂg\t{l ihteptited RLRlse optlcal
Figure 3 is di agr am show ng an et system havin
alignmient sitean b@ednqn trangimigtangs: irt%qcoraian@mwﬁh fan Wlbp@mem‘ag e@rﬁsent
1nvent1t ransmttance, in accordance wth an enbodi nent of the

ﬁpesent i nvention; [0016] Figure 4 is a diagram
[0016] Filstitd Rlal digkran lmsﬁﬂatlﬁg' &h Qﬁéh@?étérﬁ%ahﬂg efe@ad rob&eim

arm al i gnnment functionality, In accordance with an
alignmspbiarienlitein aiserdsneswith ah gmbadinesat of the present invention;

[0017] Figure 5A is a diagram showing a circular spectral reference pattern for use with a

mvent

robot alignment wafer, in accordance with an embodiment of the present invention;
[0018] Figure 5B isa diagra{iﬁ showing a linear aperture pattern for use with a robot
alignment wafer, in accordance with an embodiment of the present invention;

[0019] Figure 5C is a diagram showing a multi-line linear aperture pattern for use with a
robot alignment wafer, in accordance with an embodiment of the present invention; and
[0020] Figure 6 is a flowchart showing a method for optical alignment in a semiconductor

processing system, in accordance with an embodiment of the present invention.
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[0017] Figure 5A is a diagramshowi ng a circular
spectral reference pattern for use with a robot
wa@bkdognesst wafer, in accordance with an enbodi PENUSN4/025517
the present invention; [0018] Figure 5B is a diagram
showi ng a linear aperturespattern for use with a robot
al i gnment wafer, in accordance with an embodi ment of
Ire 5C.i s

D DES ]
[0021]"‘%#13 tfnv%nﬂ 1? %tc}lgil(#]sg@ %%1 ﬂf@&ﬁaﬂad {?ltlglgs%%éﬂgﬁl%gé%{aﬁ&?&em that

resent “i nven ure

allowsﬁ)pltlﬁalaalﬂ‘ghﬁi&ﬁmﬁlﬁoﬁ P@Mr{@ the ABiiAl PréceEs HP itc bé 1nterrupted In
alignnment in a sem conductor I‘OCeSSI ng syste in
additiofe EoPagiRats AL ike BIRShBRER RIS DIoRer rﬁg@fs%mnment without

o BB 0 BT B Ty Ty s,

numerbi @gtidiceldtailylatd seufoethdpiordea Ito provilenethbrosgh uederstaading of the

allows optical alignment wi thout requjri t or mal
presenp peyeaiden. 11t Sl be apRATeTH ROPYRYBE de1ong F itinithe ﬁftqla“ © present

1nventﬁ)m &ﬁgﬁétl&fd Mh%u SRSEM all SRS g&;iﬂc h&‘éﬂ?rﬁ%ﬁer instances,
nment w-t out requiring venting o
well km\m pﬂﬁ:essrs&ms dnvans beemdasspobed mobdtdikin drdertioetd winecassargy

description, nunmerous specific details are set forth
Obscureﬁh%PWé?ntﬂ%VeBP%‘h de a thorough understandi ng of the

' 2 Am sh&wi tch
0022 PSSR M OHSES i B SREERL 2 RS 0
systenbﬁo(p]neamtg' mehhtegi'atérbmult'smpmmalailignnfent dysteen Isgsed pfi ireflectance, in

| n ot her tances, rocess, .st.eps
accordRigRam b SBEAHESE P Be A Rt iPn T BB SSAIgh 208 Mctides a
proces?__ RRSAES SV Ha¥i ggsﬁé&{f Emtt hB6 BhES %‘fer' cﬁﬁﬁ{@@ép Nrhe W2 huck
‘gure L was dSscribed in terms of the prior art.
includés gyualegnnens featue az@ndmnslhgwerigs amefidctive gligiment 2&Qure 212, to

facilitagé,l éilé%%ggl’ég} 21?%1]: e mﬁ&h %%}Fo él%?é%?‘lhé\g%nrf?nﬁtgzﬁl beam 210 to
be trargsgg&?ﬁ &FG thPfurfaBEoPhe SaR: chﬁé’keiﬁd Bihe I P& Eshisy @S%Hl 208.

udes a process chanber 202 having a view port
[0023]2Eﬁhanmbadmwheof Kibuel2, 26mall Téfkeotiaé eligrohent Kedture 243 essfoamed in

t t , ich_i Fi 2
e ot B hESHE Sk b ol o e B 53 e v
the sul%ge' St3he RERMZAR-203N@uY hEWidRA thd Bffed@lor ﬁﬁ‘ﬁngﬁ v@ﬂ&ﬂ Sitthe wafer
beam 210 to be transmitted onto the surface of

chuck @4 eThe haftektiOdigngientfeatube aa ca‘nd:rq-nre@e@y&gngmpm&lty of different

In t nb t ,of I o
R NENENC T MR L ——
small fc?fgnedn the QinPiter tﬁéWaﬁ@éIﬁfck by kb Moothhén 18 éE6ddiMent, the

nment feature 212 is parallel with the surface of
reﬂectt\haeihmfr@nt fehituok?2 20esn bepobisheidras oke ngnttg”m@u@fefgm orgfs a
f th huck 204,

checkefPyilpaftert ol StrPetionto WIS surPBe S Srtism e gt fR-AE pre
surfac@t)g et FEedhuck 204 MhGULSuciAdcoHinRARGLH € Mh,adi®n, polishing of

l ective ali gnment feature 212 is formed b
the wafierl dhubli suyfage requires a minimum number of additional steps during fabrication.

Further, because chuck materials have been extensively tested, the reflective alignment
feature 212 can be fabricated to have a long effective life.

[0024] In a further embodiment, the reflective alignment feature 212 can be a small cylinder
of transparent optical material, such as sapphire. The cylinder is embedded, using for
example a semiconductor grade adhesive, into a recess bored into the center of the wafer

chuck 204 and the lower face of the cylinder can be aluminum coated. The adhesive and
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A operat%“:r;@{‘%\tr%? Elgk{' glesa‘figh

smal | region on the surface of the wafer chuck 204 to
be snmooth. In this enbodinent, the reflective

wa@bdiognesnt feature 212 can be polished as one PCT/US2004/025517
contiguous region or as a checkerboard pattern of
sub-regions. In this manngr, no foreign material is
added to the surface of the wafer chuck 204, thus

sontif L PSR A0 0864 B R BN R Rl o
alumind@flpdts GRS kheSIreRSsif Ehaiber 2176 1a¢aid tROusd o HethllicRVeEHS €he

chuck materials have been extensively tested, the L
sapphireeganchsttitized withowntethe albabnwn becange thenefsectiva irdesoif seppbére is high

have |l ong effective |ife.. [002 I further .
enouel] Gt et shifferbrishy §fithen Bedubth bbShome gytindercan
be bevBRddo pridiute & YdtioneRsctrf transparent optical material,

such as sapphire. The cylinder is enbedded, using for

[0025]ckapisiperly aggmtheoptical berm gl 8 gmitierhisemtle beam-formingestom 208,
e opf S 40 4 R RO OB g 21 A e o

wafer @it D04 ana AdsapRN tdfRcRa bk fodth bedreGorniing sptéiiid e @nined. The
coating fromattack by the plasma and ensure that no

beam-fargungiviegel @B gavewm! inekudss a dighisonrrecd might datgctigpgngchanism.
u . L i ti . ' -
ror o 3Pl B s S g LU SRS A B, o
another BPEX] Gbes edptiel used trebdighthenighgrefleote fauthe reflective alignment
significant surface reflection. Further, the |ower
featurg %.%ea

ngk provide d4a reprived light teye lighhdstestpr: Bhgpesarréaming system 208
e ST ool P30k TR ARG Bl AT AP ABh Sl it

[0026]0Bit thidaharyes mlighentof @nd hearefopming dystent 208 @atbiewmdertaken at
al ignnent feature 212 on the surface of the wafer

anytimeryieqa the gtchsystene 08jigidlg. spey asdebEepnKalRTs105 dppae a waferless clean
. . T .
SR B R Qg o
Vibratigﬁ' o€ dteidplﬁcd@ Cliuiﬁb'd@ ﬁ}ld E?t/ cedlargpdperatns.oBecanat theirbectivan
i e used to provide light to the beamformng_ system )
alignmentifeaRee AL ISIPHlE Ba theiviader ek B dhe dhaensns Beihg depeforming
i ref def.r € : ' i t ;
ssten A0 e R0 LOMRSLEHESE Ly LAPER! AL e
wafer taindeided frofhthelpeauesd chiambag2 Gy sheewa208ich@04 iisbardpud thed the
unti] the reflected lLight, signal is maxim.zed at
reflectjsabiBAGIHS21ES 7l GapibeiUsedito a?l@@é%q bR isHE? ,%é-
. ¢ .
PPl o 590 0L 6 SR, B o process
flow becHuse theutignasnim@hweenr beafensyafer elch opayationsaf er | ess

cl ea eratign. Over tine, the.alignment of fthe. .
10027t B b er arh boRrereah inyFRf e, 2R PUIEgRE Dpped aligoment
featurd b4 G <28, ?fgéﬁé'@ iy (ﬂ%%’éﬁl $h l@ziﬁg[efin AR RERL 56PRAViAYan integrated

oper at1 ons. Because reflective al’ignnent feature
multi-@kdptisalalightnehndystetrhiersed b tradmitthin @) th, acctuelande wyitlremt

of the peamformng system 208 can be .check fo
crmbodpghtTaRe BREH EAVTBTa YT Fouthg Y erR Of FIErRe s the ei%h gygrem 300

includbd dProess chamber 202 having a view port 206 and a wafer chuck 302. However, in

the embodiment of Figure 3, the wafer chuck 302 includes a transmittance alignment feature
304 to facilitate alignment of the optical beam 210. As above, the view port 206 allows an
optical beam 210 to be transmitted onto the surface of the wafer chuck 302 using a beam-
forming system 208.

[0028] In the embodiment of Figure 3, a small transmittance alignment feature 304 is formed
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wafer is unloaded fromthe process chanber 202, the
waf er chuck 204 is bare and thus the reflective
wa@bdogieemt feature 212 can be used to align theCT/US2004/025517
beam form ng system 208. Furthernore, the beam
form ng system canbe aligned w thout interrupting the
nor mal process fl ow because the alignnment can occur
: [
in the Q& ASERHAF Al (6 elhcglgglg 563." fikihe cnlithed i \n chilrhiihoe alignment

featurd3(®ed pafajllghwﬁﬁ thd watcy ef thawafe ciseka302tlg meindckifg the effect of
[ am show ng an_etch s%.istem 300 _havi ng an

. d
having %If?v F andee vaier phugk80dphs Ulastraied gnivamte 3 yia & ofied on
transn‘ﬁt'iaﬁf@ Wik A0GS aﬂu@ 3@%9@15@?%0‘[% %(5) &ﬁ]faggppt%? [&%%r c‘i’lfuclég'@z In

resent ol nvent: on system 0
addltldnhe_hght:dteteqt&tm i86&upledcto uhketrarsnpﬁmme&hgﬁﬂnaﬂiﬁfeitum4 via an

) Vi a_view port 206, and waf er chuck 302. However,
Optlcambqrﬁgg %saﬁasﬁm tapge a%ga@%tafsam{erﬁé)%méwanw vagpum tight,
high a4t 4616 edburt RS RS0 Be WlfHiiled HEBhAN By il dhuck 302 when
the beaihd‘(vmmgbﬁstmné%pxpmpaﬁﬁahgnhmms an opti cal beam 210 to

[0029]u e:.,]ég Sa%]éatgaq%gp%gqgs @EEPTE?% ace @@2 eeszlsvggtte ! %1%%%51 tgct)}%e

surfac@ diwgatc fhgék BB low, 11 or me{éaﬁs Ik b¥RGRe transmittance

gnnment feature 304 is e center region o
alignnteh‘efeam&eii 04 touthé thﬁZIetelctDr 3Aé ventbe dptiah fibet 308. Thus, to properly

aien S0 bRy Bk BTE SRR Ea30  Rel R e phtheum 210
is emlt@édf &iftd tlféftrd?@fﬁ'lt%c@aﬂ‘@fn%nt aRnkB8oxBh ?Je s‘ﬁ?fdegoi?’tﬂg walst chuck 302.

lustrated in Figure 3, the axis of the transnmttance
The hgit isignalein trahsaitted ¢hra@gh the transmigthn¢enlighmenbvfeasue 36k endfhen to

k d i | i ght .det
the Tighogtis 104 11 b e FafrENER Ao Tt Pt Eaistino capiben is
adjustéﬂ $htd %&% Ht $@hsrhit 8 thra@h tral3@iftdrRE §Hgﬁﬁ1@}ﬂ ?@at@tleB@ﬂ IeMbximized
feature 304 is a transparent, vacuumtight, high

at all wayplsogths deing utidacdire that allows light to be

oo LA S0 A AR o 08 MO e

when t_ﬁQ @tcﬁ's?ﬁeﬁsﬂ)@% idiat Bébaﬁw tﬁ@ FahPEiHARI 4 n{éﬁ%t%&dépls built
be essentially normal to the surface of the wafer

into the ma&r cBock 3@, did adignineghaf thobdpen-foransgritstesal 2@81 cmﬁgdphehleed for

mttanc al i eature 304 to.the |j.qght
examplg, BT S0 o NG e ¥4 i heyBnechgelidpigent feanre, the
transmitEARE hli gnrAért Fehtdre 8 09 RIlb K thc BRAM O ARING %Et&ﬁ@ 0% ft@ Bb biigned
beam form ng system 208, the optical beam 2

withous fritenreptingrthe netenl pragassrilaw benawseathe ghgmncntfceapcnrue bg3een wafer
tch n.the surface of the wafer chuck 302. The [|ight
ete O%erragthoélls is transmtted through the transmttance

[00311%'&6%&&0 rRaiteif AMmeANsk thd 88arh Fornhig ky@th, 6 tr8kdrDiktance
306 through the wafer chuck 302. The béamform ng

allgnrr@yfsﬁeelm@w ¢anere utlélzaﬁyqjek@marmmlitancp measmrgmﬁnts through the
produc%lﬁﬂ \X{a errcm fqlié)%rgg)l‘lleq hhe infilR spec%rql(l:necaanI ll)egl? 26 % mfee?s%tréJ iR
temperature of a wafer. If the wavelength range of the optical beam 210 encompasses the
infrared spectrum, the transmittance alignment feature 304 can be used to transmit infrared
signals to the detector 306 via the optical fiber 308. The infrared signals then can be analyzed
to determine the temperature of the wafer.

[0032] Furthermore, the integrated alignment feature in the wafer chuck allows the beam-

forming system to be utilized as a metrology instrument that determines where a robot arm is
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at all wavel engths being utilized. [0030] As above,

al i gnnent of the beamform ng system 208 can be
war@siegken at anyti ne when the etch system 30BCT/8S2004/025517

idl e. Because the transmittance alignnment feature 304

Is built into the wafer chuck 302, the alignnment of

the beam form ng system 208 can be checked, for

achtl oaded,. nce. .as. Wt
locatefKARcTp (RE it o ol Sk EA T R i ER O By Bl b et
systenadt O vi mﬁe%@étbkﬂ ﬁ)b%@tﬂmﬁhli@\ﬂient hacheamty,an az‘:maasmswm an
208 to be al |rgned W t hout interrupting the nornma

embodimgpicaidhe prsvens érventen.t Hee ¢eh @ﬁmﬂ%m@h@éwwa&m@ﬁm
having' 8 fifeofd 6o BRRAGH: k0Te 40P BeRiorod if Hie Sl of the yater ety 204.

As dedcribed shdviepihe éntagiagidrabiphmématatie 48Q4an do alheflettdrce aBgnmhent
transm ttance rreasur enents through the production

t ak
featur%%r fﬁsgrl bedgyitlyrefersnes toh@rs A 9Ty iEansupiéance ahgrment featueay
descril{;/\%\/\gﬁlz?éf&%n&% Ptlgﬁfg ]I qf Hftl?er%gseat an%rfiééf aé#@%ent feature 402 is

ngth range t he opticaf asses
utilizetl he aligf tha Ibeaknsfpﬁnmg wysterh Isnac}t thatntherenlitestlosptiahl @Bﬂ‘ﬁﬂ tincident

eature 304 can be use tra sm',t i nfrared si nal s
norma{ 'LF\ surfpce ity wa Bclwcg Zbge Pfcaé1gnmeatewa@oé yang a

f
refereﬁd% %gélzlﬁ?;%gg g%lc?c}]éﬁs ecx%ﬂotFaS%ng@j% t%%ﬂlﬁer m)%{nﬁnr HLmhé Rbot arm
408. Thetre@rence patémghiteeteriibaisfornddintiiecentrhbares biithe rabdt@lignment

wafer 0G| I AR P& IOk SUETTROE BotEr A 5o e IRered BOSH apter
cassearee I,aéfter Yangﬁpg% 0Bt A1, nﬁlfemt‘b@fefﬂ@ézﬁfmmﬁ%aﬁa Q4B Re, Hnd Dbot

diagram il Tustrating an etch system 400 Vi ng
arm 1sumsteetgd atte thermbodssiag chahbey262nt functl onal i ty, in
cor dance Wlt

an_e t rese .
10033 B AToR S oThahe Vel Sk AsBnes b Gl o theperesingok
enviro8Rn 3¥dcAkeAte hﬁéﬁ*%@%ﬁﬁirﬁéﬂt %‘ﬁﬁ@ t40@ %?Eﬂére‘?nb%(a?rﬁents of the present

positioned in the center of the wafer chuck
inventphegs farbed imbwewenter hEthe wadgrchnegd2@d, itlyerendindtenio{ithe céi@r of the

water Gk P et B E b ODER M e SR G L6 B s e
with t@ ih@BPARAH alf BRI RafiSe 4656H HRRHrM &F WAEEHREE 204, 0che optical beam
Figure 3. In either case, the integrated alignment

can befusihized to dedet it locatlonzd the refeagricg pati¢re 406 amthorabiohglignment wafer

404 reflh B §80 6L O he pafis Bhik 7B TR et RulenoRe rensk pegR 406 on
the rotfdt hERHIREH: W@éﬂm‘iﬂé&ﬂ:@é’h Q&tiAiohSh BedpftRalthitthk aﬁ%sltﬁe system

pl aced onto the robot arm 408 to facilitate alignnent
to calcpfate where doeentarrof 4ggefeTénse pettan éﬂé,eaqddteneer the gegter of the robot

. f bot
st S e i osfed g o SR satsaktier Sk PBor
[0034]a1h1gglrégsm5M@mﬁrat%%n@amreb&eﬁ&$q&&nb Ha® cah ¥&h§lized on the robot

cassette. After retrieving the robot alignment wafer

alignngouwaien Ad4. nBigwes 24 imdisgrmeshowineg a eibotlar spectral reference pattern

4064 for use with a robot alignment wafer, in accordance with an embodiment of the present
invention. The circular spectral reference pattern 406a includes four quadrants 500a-500d,
each having an optical bandpass filter centered at a unique wavelength. Although the circular
spectral reference pattern 406a is illustrated using four quadrants, it should be noted that the
circular spectral reference pattern 406a can be divided into any number of segments, with
each segment having an optical bandpass filter centered at a unique wavelength.

[0035] In use, each quadrant 500a-500d transmits a different part of the spectrum of light,
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armis inserted into the processing chanber 202.
[0033] In an etch system the wafer chuck 204 defines
w0 b@soeswer of the processing environnent. BeCRUBES100€025517
integrated alignnent feature 402 of the enbodi nents of
the present invention is formed in the center of the
waf er chuck 204, the coordi nates of the center of the
I SSi
which 538 rEAR R oP B IEHE bt A eaf FERER B wter chuck

When Itliﬁ $etedledlanke gflli@ﬁtdefee’taﬂ (1Y me%@ﬁczﬂ bebi@ndibittgLedifal amount
waf er chuck 204, the optical beamcan be utilized to

from 6&61% bendpestefiltescthe cetery th%@r%%rép@ﬁ@é referenes patieosd e is directly
over tﬁé%%nﬁe? *8?{ glrléfgﬂﬁﬁ@f(,zmﬁ %lsé%gi? %1 lyaqaric% é)tf:}g 1S ﬁigtected in the

optlcabbdahefnﬂlcé% tinofifdee of thbotntead (bfghlmmulmfpeétraﬁl %Ifeféh@éjp!&%‘ﬁn 406a
variation in the optical beamthat allows the system

relat“’?éhec@lthweé’tt"é Qs watepghycknt er of t he reference pattern
o0 ORI £y g YRS o

alignnehtiokfe? (4 ac¢dd0atl wHilgan asbdlfn&B of tHeustseat veatiomn UBhe linear
reference pattgrns that _can be utilized on.the rob

apertugg FayRretoNas laflespserierpheifulas ApFreurss o i alinesHeng ﬂv@ gection of

travel 6F ﬂrhg 'f!())lt?cft af gﬁ{&cé;}{lse\%gg:tpg Pclﬁﬁt azég{c‘)‘[r% anwéégé}\?\}lt{o%e #%@eéﬁ’in’gn:hamber

As theenbmichihgambnmaths ipseeise ntto threvEodessing cﬂ'ahﬂbcm ﬁhe whbtcal beam will
tra referencebé) ttern _406a_i ncl udes f

pass tfag P SIrEYaLEncEy, ciBer e hagpta tbaﬂef@atﬁam using a
reflecthidelienfeht REGILE, "BY t1§ 4% G QetRyeh W&;ﬁl Ir{'\l!te{rﬁg YPhndelGnd optical

circurar spectr al ef erence pattern 4 06a
fiber, Whérussings Hdnmttagcefatngnmqntafdatam s, it shoul d be not ed
0037 G b G ey B Ok et

d

oo D810 0 AP b B Y
higher50@a-cs0@dof 2 emsufart apertuci 502 passas omrthe aligrintemt Sqaaoe ramhlower

of ]ight,which then reflecte omor transmtted
when g o e 5T P D0 RSt O ARGt Pt che & ARl the
robot atl@ﬁm%ﬁ@ééfsfeﬁl cdPdaBiRe Qfe poki8ibh ofeleg6b Qi ﬁHmEHterfef nG@lo

beam i ndi cat es an equal "anount from each bandpass

directipid frem the dreplitwde eyodokativief the opticadbeap slgnahl Ta Erbmasmmuracy in

o tern, 406a | i.rect over the ter the .
aigniiHht Fo0c ey Dale 1 oLt FoprhSpafiee ton HeraTiepd e descrived
next witBr8%teRde tdFichR Pt i cal beamindicates the of f set of

the center of the circular spectral reference pattern

[0038]41ﬁﬁarer5é1 istaj diggrameshpwingremulinlirer linghr apestweapatterc hdmkior use with a
| hear

5B h
robot 3R R BEE aFsorDish v GOBoRTEIT AT HBtsen| P, The
multi-IVR [8fear AferReEPIRANGE6M HlOraRly @ﬂﬁﬁgf RPlurdatiche VU83BRE, each

invention. The |inear aperture pattern 406b includes a
includigig i segesodt adicniag Iaaqvmapae:"v(mm eding@ngrthe dircc’t@naifdmgeltdfehe robot

arm WA R o R Bkt B R e et clncgiion,cach

linear aperture pattern 504a-504c is covered with an optical bandpass filter centered at a

unique wavelength.

[0039] As above, the detector detects a peak in the optical beam signal as each circular |
aperture 502 is passed over the alignment feature. The amplitude of the detected peak is
higher when center of a circular aperture 502 passes over the alignment feature, and lower

when an edge of a circular aperture 502 passes over the alignment feature. As a result, the
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As the robot alignnment wafer is inserted into the
processi ng chanber, the optical beamw || pass through
weawk/ozs9pcul ar aperture 502 and either refl ect PORUK2000025517

the detector, when using a reflectance alignnent

feature, or travel to thejgletect via the transmttance

cyI i nder and optical fiber, when using a transmttance

1] .kn el 3 de ect.or

robot b P o O sl S oIl SR
directiony fromahe amphﬂude moﬁﬁl&tlbﬁ opths @pﬁcal‘bez[mtsigelaal ign rrent

featuyre. The ude of the detected peak is her
100401 e Ein, e Pmgese e caverigench iecas gperpie paticroJ0Re S can
be utiliell 4R
cwiBkA R LSS L OVEE IS0 A gy paten 504,
whlchﬁ@acaxcé at ths centeresfithé reférhmapabaﬁl 46t gmmgrthe ah‘édtﬁ)mo(f@avel of the
cal cul at e t he: posj t|a§>n of the robot alignnent wafer in

robot grioW iy 13qrTink therpoh igmSRipYaTen gt the atncassiamchambeneEach
bandpz%@ tf"lt@@!rarﬁ%ﬂ@ asdlﬁ@éht %a}l;goﬁ tlﬁg g&%ﬁ? g'hf" %l&fpih%%l ésgﬁhn&ed from

he robot arm nulti ar ‘aper
or tranpiattteérthmug]athebélgumhﬂ ﬁ:ﬂallire asthel e&&diﬁrlcheck Heate, whé Spectral balance

renc 0038 ure 5C is a diagram
of the [hsiteli s arich Thesh b nipe e cor e tevs of fociofigpice
patterrﬂ«kﬂ%c%lﬁhv@ﬂl%(?@% @hief BB e lcflick | N accordance wth
an enbodi nent of the present invention. The multi-line
[0041] Imefarth@rmhqthaerpaﬂle ecliredG6patmrptanriatiutly a plurhlityedslits normal to
e B S L PR e M i S50 £ e

procesﬁhg g4, af cdn'hﬁii&ﬁs (ﬁftlcﬁlrfﬁte'f %@Qaﬁé’s%a%%sioﬁ%%leﬁgtehr

the robot alignnent wafer into the processing cha
continyadly £efum oheedgedadhe d)thcnecaowexapmpluraélt)paf stlﬂes NAS theaslifetossi the
d t b | t d_at
ahgnmulﬁt [8d ilfag@ ?ro u%:]% (Tpaln dlpass fésl mp gf’@ tng thae wzgrelengths

of the (ﬂﬁic@pﬁgla@ tHae ﬁgss'tﬂrohg E tHRlitsCRl Aes %@f&@l@{heaﬁlgﬁﬂﬁﬂt feature. In
circular aperture 502 is passed over the all

this mamaen, theaippThandalopler wavj@ength titnéts dett be tekizeddakalcslaty affset to the
et and 18, B by S R R S BB B o

beamu’flifbﬁhlﬂtﬁr aperture 502 passes over the alignnent
feature. As a result, thelO robot alignnent system can

[0042] e dufioamatiahenl poased pging Bt refeencopatteraon direbbt aligherent wafer is

R R A A o RN T L A
referenﬁd: b&t&im czﬁQMﬁfdaﬂ:@th@ astdt bsl A RaftePHRS tllifieRakd BleNeft. Correction
504a-504c can be utilized to calculate right and left

coordingfgssap thea|bgrgeperated amﬁeor@@dﬁdrta lthe foheroniyebsystane Ip alms @ranner,
te f
gm0 O by el L 0 Slob S S EREE RS e o

theproé@beharﬁlﬁd’f] V\,hen inserting the robot alignnment wafer

into the Hr ocessi ng chanber. Each
[0043] Figure 6 is a flowchart showing a method 600 for optical alignment in a

semiconductor processing system, in accordance with an embodiment of the present

invention. In an initial operation 602, preprocess operations are performed. Preprocess
operations can include, for example, embedding an alignment feature into a wafer chuck, and
other preprocess operations that will be apparent to those skilled in the art after a careful
reading of the present disclosure.

[0044] In operation 604, an optical beam is emitted onto the alignment feature located at the

center of the wafer chuck. As mentioned above, the alignment feature can be a reflective
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bandpass filter transmts a different part of the
spectrumof light, which then is reflected from or

wo c@smdpions ed t hrough the alignnment feature on POEUSEDE025517
chuck. Hence, the spectral bal ance of the Iight
detected in the optical bgamindicates the offset of
the center of the reference pattern 406¢c relative the

he center t he fer ck. -,0044] ..l n furt
slignnisi ftoni & epmatrine ARy, Te Ao oRyf gfeihb Rolure i
forme@?éiﬁﬁél'&ﬁ’h @k seithdeSofMBe Water Eiudkh@us Wigedkitthe feffeédf@bving a
he robot arm when inserting the robot alignnent

wafer waﬂ@rwafnlt QhupheAp desasibsil mitharraser to E}g@mﬁ,utm ctive alignment

v B e bl B RSP SRRt

smootR) d#'cah bé ¥ sehll ey lihder oﬁﬁraﬁsﬁb@reﬁ’t bﬁtﬁ:apﬁlﬁﬁeﬁlal b@chaésl sgpﬂﬁfa
feature on the wafer chuck, the optical signal

[0045ivdueandwdingny, the transveittapcecilignaenisfeasira #leo tSrfpmfai parallel with

the su&@%n(ﬁ lt]%eh\gg%F Bﬁ%ﬁEﬁPr o qﬁ%eth% lﬁft%chstl gﬂ%“?ﬁ L! tv&af?racﬁl the wafer

chuck2Mte hQWRF theamakanahbe hligindat fatir® & nérinki oaHe top surface ofthe
calculate offset to the left and ri

ht

wafer plopcdin T gdditien.ya lighti deteetef isconpled prathe gwfaﬁsmawn%alwnmqnt Eagture via

re of t h [ f
o o PRSP b G Pl AT i, LB T
aspectlriigo feah@é that awnght\ﬁ@f)efraﬁsﬁntté‘tﬁthr@ﬁgh| th& e/dfdr @hﬁcﬂ{l\dhen the

al i gnment coordinates to the robot control system For
beam-orgwg ystenhis prefrcglyetigaehat t ern can i ndi cate t he robot
[00461C %Qf%r t®k t%g @]eh%t'hggf fab hgﬁt %Hﬁteg %L{o th fléﬂt (i’%lture are

0ordi nat es tan enerated and provi e to the

detectéd)OWher asihg alrefiacsive mlgﬂmerit fiasurapthe epticakbegn iereflectd fibm the
robot arm can becgerformsd wi t hout venting ei h r the

reflectyesligpbent fsen ackrto trebepmolopamechaiitern tiipg P ipjegty tee beam-
formin% §y§teﬁle%elngf’¥? ﬁﬁﬂdﬁ Q‘? &y e%ﬁ qq%h@ﬁ@ceétﬁfn ﬂ@éﬂaﬁi%{n For
I’gn sem ¢ duc essli ng system 1n

exampAE, @A op ol dibei tahl Musﬁﬂhﬁﬁﬂoﬁm&ﬂlghf totthe bpaegemting system, and
invention. In an initial qperation 60 pr.epr Qcess
anothes petieal ifbRECas ke lwéiiﬁbﬁ%@ae therligst Brllested Sipen theigtiectivg glignment
i
R g T
alignnidnateatirt,| thdrigh pppece nttiotforcehthe@ptikil lbead to be eksentialty normal to the
after a careful readln of the pre cl osure.
surfacp gbihewafer chyek fa alinyv Bt to be, tra%%nm&t ﬁ*a%%i\ {Pe t@psitiagee
t a f:
oL R L SUTPACG ST RS PR Sl
transnfiged thrcughahe trensmitteddeedighmenitfeatliiey anbthen tetk Uight detecdor through
transmttance alignnent feature. The reflective
the wafer diNflent feature is formed parallel with the surface

[0047 ﬂg“e% Eé;an)g@érﬁﬁn§ BHedtn el YS adfh Lo Bkifnl tRE bRTit@Es of all

wavelengths being detected, in operation 608. As the beam-forming system is adjusted,

amplitudes of the detected wavelengths will increase as the optical beam approaches incident
normal to the wafer chuck. As a result, when the amplitudes of the detected wavelengths are
maximized, the optical beam is incident normal with the surface of the wafer chuck and the
beam-forming system is properly aligned.

[0048] Post process operations are performed in operation 610. Post process operations can
include, for example, further wafer processing, robot arm alignment, and other post process

operations that will be apparent to those skilled in the art. In this manner, embodiments of the



10

waf er on the wafer chuck. As described with reference
to Figure 2, the reflective alignnent feature can be

wo orosmeBIBY pol i shing a small region on the surPErEsSmwh4/025517
the wafer chuck to be snmooth, or can be a snal
cylinder of transparent opjical material, such as
sapphire [0045] In one enbodinent the transmttance

I [ with the .
pesenf ABRABIRLGRB1 B Bk DR S0 b b e
when t(hé etvh sy stgmds Vi sliclons Edﬁﬁemﬁérscdild@iﬁng IN&af@XéSS cRhn bp&ation.
nsmittance ali gnnent feature is normal to the top

Becau%fu ¢ alignramidpuuigds B ldpaake Whier shierks theraligamentgithe beam-
formm%esg&‘é&ocr V:bg cg«g&%hﬁég g)?&ﬂ#]h% etaEl?{?_ﬁlg] \I/égglgfsn ?loaggfeﬁgnce the
beam—ﬁrmwﬁenf mthﬁralgnsd withowanspatugig thy actihpro @8 flokibgbause the

ect ratio feature that allows light to be
ahgmqep FROACCHRFIRETHNRIRT BB OPRIRESDSe huck when t he

b
[004910%21?%21 ftﬁ'é g;g%@fﬁ%gl%mfégoe Fl{e;lg : BEL &es?xl %ﬂféﬁ%om&%@éﬁ]f { Buposes of
clarlty@ﬁUDdér‘smn(ﬂhg,gnWﬂhbe featant dlaacmaﬂ[etmgadandMemﬁusmm nday be

I ctive ali nnent f ature the optical beamis
pfactwfeg @ért g seerse th% apRepfietqlaipis. a”rchlﬁi%?(: the pregend eﬂ@@ﬂlments are
to be cBﬁs@re%}@d Q?ﬂﬁl%trétﬁrerﬂnﬁglo?y%ﬁ aﬁdglﬂ:‘ ﬁvS}TRﬁq A5 betlﬁ]rﬁte to the
orm ng syst en1genera nc source
detailsaggivandtereinlcive atayde m@dlﬁahwﬂhln the scopx amp Ie@uw&iﬂnt@ pf thbaippended
fi ber can be used to provide light to the beamform ng
system and another optical fiber can be used to
What &@88imygidthe light reflected fromthe reflective
alignment feature and provide the received light to a
light detector. Wen using transmttance alignnent
feature, the high aspect ratio forces the optical beam
to be essentially nornmal to the surface of the wafer
chuck to allow light to be transmtted through the
transm ttance alignnent feature to the |ight detector
via the optical fiber. Thus, the light signal is
transmtted through the transmttance alignnent
feature, and then to the |ight detector through the
waf er chuck. [0047] The beam form ng systemthen is
adjusted to maxi m ze the anplitudes of all wavel engt hs
bei ng detected, in operation 608. As the beam form ng
systemis adjusted, anplitudes of the detected
wavel engths will increase as the optical beam
approaches incident normal to the wafer chuck. As a
result, when the anplitudes of the detected
wavel engt hs are maxi m zed, the optical beamis
incident normal with the surface of the wafer chuck
and the beamform ng systemis properly aligned.
[ 0048] Post process operations are performed in
operation 610. Post process operations can

claims



10

15

20

25

30

i nclude, for exanple, further wafer processing, robot

arm al i gnnment, and other post process operations that
waowdos/oksapparent to those skilled in the art.PCHUBINE025517

manner, enbodi nents of thel2 present invention allow

al i gnment of the beam foj4n ng systento be undertaken

at anytine when the etch systemis idle, such as

bet ween wafers or duri ng%rl ess cl ean operation.
Because the alignment fe s built into the wafer

chuck eﬁ}l Q&)tl@&l’ 4l TIrrrl'E[ 'ielt Qisg%ﬂ q'?Lb ﬁ?enTnOB @Fﬁlgcoiﬁﬁétgﬂm 8?02@3&%% system,

check Ime a wa
compridgrgce, the beam form ng system can be aligned w thout
i nterrupting the no rocess, fl ow because the
il Wﬁf?ﬁt&ﬁ li:g%“’é% éad 1%%‘? Pt Btesktet mip artap Switace of the wafer

chuck;l 0049] Al though the foregoing invention has been
‘described in some detail for purposes of clarity of
un Heansfamaing Gystemn dwpdsed)ab(a\mpﬁmee\mfet lehticks élid deam-forming system

h and difi c i on ractice ithin the
capablg 8@%‘@6@% th gptécgh, I d’nEq ’EF gﬁgn a(f?li‘?lg"i‘ ¥Mhe Ipr esent
T RQEEBE BhSabid 6f Hete%%ianahgﬁﬁﬁe &Sthk!d H%:Slr ﬁgﬂgﬁ &n3REd onto the

~hot restrlctlve e lnvention Is
alignmeninfestote.t o t he details given herein, but may be
nodi fied wwthin the scope and equi val ents of the
appended clainms. Wat is clained is:13 CLAIM5S 1. An

apt i Cahn AphigANBIEnnSNS ts@rhO4s Hefed '?n 301&%1%"”1 COMAHE] Fhe ahgnment
processing system conprising:. a wafer c huck having a

featuregip |agrnﬂ@q’qtvefaélgnmc@t featteegragatdd of naflecting e podtionf afabe optidah elgnal to
the be rctchuck a beam form ng system di sposed above the

%%9 P“®huck, the beam f or m ng system capabl e of

emtting an optical signal onto the alignnent feature;

and a detector capable of detecting an anplitude of

t3he op‘idn ewticali gligrimeniisysten @sntem:ltccﬂq enatlalgnﬂemhematthc geflective

. TEen ste C laim 1,
atigniy SRS R IR g HRT OF LR3h STHER o Fry s il
al i gnment feature capabl e of refl ecting a portion of
t he opti cal nal to the beamdetector. 3. An optical _
& i gm@hpp%%a gRAENt SEEem @g reoited imphaing 3, wheredi thetpoished region
ective alignment feature is a polished region of
1scont1{gﬁ£ op surface of the wafer chuck.

5. An optical alignment system as recited in claim 3, wherein the polished region

is a pattern of polished sub-regions.

6. An optical alignment system as recited in claim 1, wherein the alignment
feature is a transmittance alignment feature capable of allowing a portion of the optical signal

to pass through the wafer chuck to the detector.

7. An optical alignment system as recited in claim 6, wherein the detector is

disposed below the wafer chuck.

8. An optical alignment system as recited in claim 6, wherein the transmittance

alignment feature is transparent.
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4. An optical alignnment systemas recited in claim 3,
wherein the polished region is contiguous. 5. An
wWopiso299al i gnment system as recited in clai mBCT/US2004/025517

wherein the polished region is a pattern of polished

sub-regions. 6. An opticalqalignnent systemas recited

in claiml, wherein the alignnent feature is a

tg ansmt ' rent E,%ﬁff capabl. f allow ng a

a%rtig% g%ﬂ#ﬁe%%L9 A %{gnaﬁ{?g %d%%hﬁﬁ%‘ﬁéﬁlpﬁgwgng system,
comprisafgehe operatiodsmoft he detector. 7. An optical alignnent

systemas recited in claim6, wherein the detector is

BN eRiicahsighal ks alignipart fegturpinteggaied dnto a wafer chuck, the
alignm@hi ﬁQﬁFé‘focé‘tXé&%@?&&%erro?met@ﬁef dufekai m 6, wherein the

transmttance alignment feature I's transparent.14 9. A
rietdetidg o mmppitide aif thel dpgioatesignal emitedemtchpdligh@ent feature; and

processi ng system conprising.the operations of: )
GHRE G BrerbiToh SR AP TBIA AP BRRER Of i deieeted optical
signal,:tl‘ig B tSthihd §Rteh eﬁﬁin%@l&@mg%ﬁctahﬁﬁﬁél' gnnent feature

ocated at a center of t er criuck; detecting an
anplitude of the optical.signal emtted onto the

lignnent feature; and adjusting.a beamform ng system .
119, ek otk s Eged 680 B i e L GPTERRE e i a Tetective
alignm@htIRature t® rBBRT § PR SHE to%ﬁbﬂeﬁ%fa"l‘.ttb A9t dorORELE@ With the
signal. 10. A nethod as recited In aim9, wherein
beam-fofrping|sygtament feature is a reflective alignment

feature that reflects a portion of the optical signal
to a detector |ocated with the beamform ng system

A1et hoehdifod SCebREH 1Skl N vHtbreWNRE Bifkcihe ali%nment ffeature is a
reflective alignnment feature is a polished region o

polishediegipn pf thertbp serfase of He wafbeshuckuck. 12. A nethod as
recited in claim, wherein the polished region is
contiguous. 13. A nethod as recited in claim11,

vher ei AnieliodrRlrecRadh Eigeh @1, Wier8inRRS pSlishe@tedd® BSOS
sub-regions. 14. A nethod as recited in claim?9,
wherein the alignnent feature is a transmttance

T ST PR S kL D SR ARl B o
polishedgtiBeédibns.

14, A method as recited in claim 9, wherein the alignment feature is a
transmittance alignment feature capable of allowing a portion of the optical signal to pass

through the wafer chuck to the detector.

15. A method as recited in claim 14, wherein the detector is disposed below the

wafer chuck.

16. A method as recited in claim 15, wherein the transmittance alignment feature is

transparent.

17. A system for aligning a robot arm for use in a semiconductor processing

system, comprising:
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15. A nmethod as recited in claim 14, wherein the

detector is disposed bel ow the wafer chuck. 16. A
woredokoeBIas recited in claim15, wherein the  PCT/US2004/025517

transm ttance alignnent feature is transparent. 17. A

systemfor aligning a robgd armfor use in a

sem conduct or processing system conprising:15 a wafer

DYl LD BSOS b ALPRGRSH S e o

chuck,| t(he adligdniht featgtlo@led aicatdentialolocititt 60 theStopf s’lﬁﬂc@fof the wafer
the waf er chuck; a beamform ng system di sposed above
chuckt ne wafer chuck, the beamform ng system capabl e of
SR QL 6RO Sho TR 1 AARITRE Bl SIS sy
capablelof po#ttng aMOptmheﬁlgﬁﬁlontmthahhgmnﬂ{t fedigref obot al | gnment
waf t he robot alignnent wafer being di sposed on
gpf dpgpmenh water aé‘fleg@6?fe@as%mteer@fhsa@ieé@@ P ggntE location of the
robot a‘fi’lgalﬂehﬂggfepfthé %‘Bopﬁg%lﬁ%}&t v?'hﬁp%mgrdqsﬁagfeﬁ o }fx%bw ; and
ref erence pgatter ecited in clrarm
]a7dembter ebpubld of Keketirenae ap@htlmerbfaﬂhé epsicilnggmydtangiettd onto the
nal such that a center of the robot alignnment wafer
refere”c?ﬁ af{@Ndet ernined relative to a center of the wafer
chuck. 19. A systemas recited in claim 18, wherein
the reference pattern is a circular spectral reference
pldt t er A shistomrag recitet im alhing y7,0\ﬁ/hdzraimdhaﬁerbh¢et atter aters the optical

ate se he circu ectral reference
signal S5Pthti oot D rapotel BRmER Gr A e iRt G ing A e 0 2 center of
the wa@¢gh&ngt h. 20. A systemas recited in claim 18
wherein the reference pattern is a linear aperture
pattern having a pl urallty of C|rcul ar apertures in a

line (k)on a di rect(i ﬁ av h obot arm when 1
(% 1 oGP FrOH? 5?1115 GHPTRe BptigThip poireular
spectra‘l’ rr@fé?eﬁl%é RattSAMRELE. a %i‘uralﬁy%fsﬂaﬁﬁﬂ)a@ﬁ HIRF fneﬁphﬁté3 5&nfBnts of the

0, wheréin the reference pattern is a nut l'i ne
cucular spestrel wfarenagettpat eashhahdpeashfler qehtered attaylmmctuel wavelngth.
aperture patterns, each linear aperture pattern
further including a bandpass filter centered at a

W, queA WR¥RhERD Ebited in claim 18, wherein the reference pattern is a linear

aperture pattern having a plurality of circular apertures in a line along a direction of travel of

the robot arm when the robot arm inserts the robot alignment wafer into a processing

chamber.

21. A system as recited in claim 20, wherein the reference pattern is a mutli-line
linear aperture pattern having a plurality of linear aperture patterns, each linear aperture

pattern further including a bandpass filter centered at a unique wavelength.



