OPTI CAL PCSI TI ON ASSESSMENT APPARATUS AND METHOD Background of the
Invention Field of the Invention [0001] The present invention relates to a
| i t hographi ¢ apparatus and a device manufacturing nethod. Rel ated Art ’
[ 0002] A lithographic apparatus is a nmachine that applies a desired pattern
onto a target portion of a substrate. The |ithographic apparatus can be
used, for oxanpCE TIGALNBOSITION AS SESE MENG sk BARATUS ANIPI Cs) . 11 at
panel displays, and other devices IMEGQIOTY fine structures. In a
conventional |ithographic apparatus, a patterning neans, which is
alternatively referred to as a mask or a reticle, can be used to generate
a circuit pattern corresponding to an individual |ayer of the IC (or other
device), and this pattern can be inaged onto a target portion (e.g.,
conprising part of one or several dies) on a substrate (e.g., a silicon
wafer or glass plate) that has_a |layer of radiation-sensitive materi al
(e.qg., resist). Instead of £a¢kgk9umd1@fpb@bév¢ﬁtwl means can conprise an
array of individually controllable elenments that generate the circuit
pattern. [0003] In general, a single substrate will contain a network of

adj acent t ar gétld qfahd Investidthat are successi vely exposed. Known |ithographic
apparatus include steppers, in which each target portion is irradiated by

exposi ngopf1eNt i r eTRALLSEN inAkiOn FlFiel A 9@&?%2@112&3&%9@%&9’d_e@i@E’

scanners, 1 n which each target portion is y scanning the
pattern througmuthaeutemmetinda gi ven direction (the "scanning" direction),
whi | e synchronously scanning the substrate parallel or anti-parallel to
this direction. --2-- [0004] It will be appreciated that, whether or not a

Iithographic]ggﬁgggﬁys operates in stepping or scanning node, it is desired
that the patterned beamor beans is/are directed onto the appropriate
target portion of the substrate surface.

[0002] A lithographic apparatus is a machine that applies a desired pattern onto a
target portion of a substrate. The lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs), flat panel displays, and
other devices involving fine structures. In a conventional lithographic apparatus,
a patterning means, which is alternatively referred to as a mask or areticle, can be
used to generate a circuit pattern corresponding to an individual layer of the IC
(or other device), and this pattern can be imaged onto a target portion (e.g.,
comprising part of one or several dies) on a substrate (e.g., a silicon wafer or
glass plate) that has a layer of radiation-sensitive material (e.g., resist). Instead of
a mask, the patterning means can comprise an array of individually controllable
elements that generate the circuit pattern.

[0003] In general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known lithographic apparatus include
steppers, in which each target portion is irradiated by exposing an entire pattern
onto the target portion in one go, and scanners, in which each target portion is
irradiated by scanning the pattern through the beam in a given direction (the
“scanning” direction), while synchronously scanning the substrate parallel or

anti-parallel to this direction.



In many circunstances, multi-layer structures are built up on the surface
of the substrate as a result of a sequence of |ithographic processing
steps. It is of course desired that the successive layers fornmed in the
substrate are correctly in register wth each other. Thus, great care is
taken to ensure that the position of th substrate relative to the beam
projection systemis accurately known. {0005] Various techniques are used
to deterpine the position of a substrate relative to the beam projection
system [PR84le geneltabill b appregistnd thak whwherr e ot pdithegyantie mepaapen it

al i gnment mar - ge nd. t I ry. of reas of the
subgtrate ont%ﬁﬁﬁggﬁjg%ﬁf éﬁggg%u??hggﬁﬂéhg%?ggépﬂpﬁgIﬁﬁﬁgwgpng§rbe
formed. Thesebammisksaid@retiod ahw@dhd Spppsridtciardeepationeetheeihtstdsat@td ve to
which the position of target portions on the substrate are determ ned. The
al i gnment  meEPKEAAACHBIS@BewSe Mali-Eyer sedctufes et hyilt treon Berauplee) et on

system which,_ 0 ¥ﬁ t roLect . patterns onto the substrate. Such a
"t hrough t hek%ulggtéﬁé %Sra Fggﬁgcﬁ%é@%oﬁgh feP }B? 8@0_8%%%5&%8‘0%]% ?{tgc OusP ghment
marks al |l ows desired thet tROSidcbRive 1FRASWHIRBE M th Rk Ard QrRetly hﬂe?i@fé@ as the
image formation location. Thus, "Abbe" errors are mninmzed. I'n other
systens, the Vlth ghesthernarihugesreit s isatakien tohenstes thabdgmogitiopedtthon syst em
have differe i . axe in which.case sone neans can be provided for
conpensat i ng%ﬁlgé)[paﬁée A “.VS)éO ﬁ?iovbee et 6F tl?%sélgtg_ma’ﬁ @gc.urftﬁg'a%’fwlnn an exanpl e of a
scanni ngeb@sied sys¥£us aschnlifich A BsRIRP@ItEiISe REpoMEHHPRAuB&EON Ssystem
and the alignnment mark detectors is scanned across the surface of a
substrate by rewtivay thhbeawbytedios systbe. Jossd geoarady reliepsubstsubsteate n t he
direction perpendi.cul ar to.the scan djrection and.the scan speed is

ad usted i n TRCpe Lot S EnBE Tl B SO R G BREBPRERAbnt e ks.
Al ternativel Vireas OF tiRAAbItANG WhidhR tih 9irbdt cdriRERnisQr AR ECIEES 64 can be
adjusted. In the case where the patterning neans conprises an array of

i ndi vi dual | y femmadr oThesb mearksedre henates!, to phiddemferempegloirds talans tatwinch or

of 'the subat 1 kUi dlfetg-Dus Bont P RlioERhy Eurdingtp i Neoven sonsor

arrangenment . maf& can be detected optically using the beam projection system, which is also

used to project patterns onto the substrate. Such a “through the lens” or TTL
approach to the problem of locating alignment marks allows for the position
measurement location to be the same as the image formation location. Thus,
“Abbe” errors are minimized. In other systems, the alignment mark detectors and
the main beam projection system have different optical axes, in which case some
means can be provided for compensating for relative movement of these axes.
[0006] In an example of a scanning-based system, as the frame supporting the
beam projection system and the alignment mark detectors is scanned across the
surface of a substrate by moving the substrate, the position of the substrate in the
direction perpendicular to the scan direction and the scan speed is adjusted in
dependence upon the measured positions of the alignment marks. Alternatively,
or additionally, the digital image to be projected can be adjusted. In the case
where the patterning means comprises an array of individually controllable
elements, this can involve translating or otherwise adjusting the digital pattern
applied to the array. The height of the substrate can also be controlled using

some type of level sensor arrangement.



[ 0007] Typically, a lithographic apparatus of a given production facility
is designed (or configured in a relatively inflexible way) for use with
substrates of a fixed size. In the case of flat panel displays or color
filter plates, the substrate dinensions can be of the order of several
meters, with nultiple panels being fornmed on each substrate. The alignnent
mar ks are provided around the peripher§“of the substrate, as well as

bet ween panels. However, there is a desire to introduce flexibility in the
| ayout of00p&Nnel s ofypibadlys ubbthogtapbic sppatthaf aagigew eroduptiad fadilignisf aci ity
can be used tg rog ce nelg.mﬁtg%diftgﬁéag di sions. This has neant
that, for nondSStERAYHTGOPREEE] AFSlHEclyeR le YRV AORPSCaHAEOSEHFIE @ ar ound
the peripheryigly Ghe BURSLLQIR (RBRE dHRGs bASIbNRIASILRNGAY siRirb@e onl Y
"bl ank” region comon to all substrate ayout§3, or sone manual realignnment
of the det ecdiorssinustarbbe ofithel @deoof seWhial encéergonith mudtiyse panay beingal i gnment
mark detectors positioned across the substrate to detect alignnent marks
in various iRPBFHEi A8 PESHIFonEhE dHemRe ks ITe  Previfed jaxouidt ther act i cal
due to the very. hi i [ r : ors that
that woul d ndeggo R L bl e L R PR O e

ef fects, can toautselucofatibilitain tht laynst dNpahdieosthepabaifated, Sichsiatagenlt i s
therefore desirable to provide alignnent marks at relatively snall

i nterval s acri¥educting facility senbeysed frpredpeanagels withidpf o dimenseongp bhigac h

described in I.ou 11 | ' entire
central areal%Qg?%%fﬁ%%%§¥gﬁé%%§%§qg%E#v Igﬁugggggﬁ%y%ggﬁPﬁg%B%ggenent of
al i gnment  mardksund] 100 @8tipHang betier wbsthiatan Be newldas thieSpegiphertytio gieagili
apparatus and nmethod that allow for the flexible positioning of alignnent
mar ks wit hi n Phekcegiesgonypentosi] sybstsaip by eyt of wsanyutad sahsdmesdeimary of
the | nvention,| QL0LAGERTAI0Gdi%R WSk BRAGELs ol NPaREEIER IV eNt | on
there is provided a I|i1thographic apparatus conprisihg a substrate table, a

frame, one ordetotols piWiQpradt dctits SYS EIFateGORleREt Miknehcat hihitemt varpuk
detectors, and a pgsition sensor. The substrate table supports a substrate
havi ng al i gnARiEFMeR#R Bositens Wadegslgsizable, this is not practical due to the very high

resolution required and the number of detectors that that would necessitate.

[0008] A number of factors, for example thermal effects, can cause local
variations in the shape of a substrate. It is therefore desirable to provide
alignment marks at relatively small intervals across the surface of the substrate.
However, the approach described in the previous paragraph mitigates against this
as the entire central area of the substrate is effectively unusable for the placement
of alignment marks.

[0009] Therefore, what is needed is a lithographic apparatus and method that
allow for the flexible positioning of alignment marks within the central arca of a

substrate to be patterned.
Summary of the Invention

[0010] According to a first aspect of the present invention there is provided a
lithographic apparatus comprising a substrate table, a frame, one or more
projection systems, one or more alignment mark detectors, and a position sensor.

The substrate table supports a substrate having alignment marks provided on a



--4-- surface thereof. The frame is noveable relative to the substrate. The
one or nore projection systens projecting a patterned beamonto a target
portion of the substrate. Each projection systemis attached to the frane.
The one or nore alignnment mark detectors are attached to the frane and
noveable with respect to the frane. The position sensor is associated with
each alignnment mark detector, and deteFW|ne the position of the detector
relative to the frame or projectlon systen(s). [0011] In this enbodi nent,

t he i nvent i onsuréiceherqaofpbbsirimhe istroovesbleaclsiivggbdhe substhatg rEishline oamppar at us, in

a stable operating configquration, for the production of panels_qr other
devi ces ha\F/)l nﬁro\]/%f%f”éwgelg? PENEF s 2 pﬁtF@ﬁﬂg’ﬁ?mnCH}t?( agfatest parion %%ﬂ“ebe noved

relative to thgsfhi@MEaskpRYELinG iR LekGoiars tﬁ@ﬁ‘aﬁx@e U R Qe

systen(s) in order to accormodat & substrates having alignnment na&ks pl aced
at  differingalignoani mask detd¢chirs atchattiachedeo thedtanar @dsnovietble svitharespengter

necessary to rel upon onl eripheral  alig rks to allgn t he

proj ection sy é%(@) %SPP‘HEXH N0l ]rséfsé’cmfeﬁlﬁ’i‘lg‘/ }]B{m gtk deeeiPacy and
flexibility cafy ghehshone ﬁ}%mcﬁ‘l‘:&' ¥ ect OQQ‘A'I%.LVA fo We! anli@o@PfU &&ioat ed that
the frame can be noveable relative to the strate by nov né tlhefrarre

t he subst r at esysem(fot h. [0013] I n one exarrpl e, the frane can be noveabl e
relative bfl]t he su@ t&lr ate f| rst. |i near novenent axis, the "scan
| el

directi di%1par al {So2R lmeahé BinyeREON Juakes b pessitin dg, UsE iagHinglit nar k
detector is tﬂﬁ&gﬁﬂ%@%&fz{tﬁé %’ﬁh\éﬁgfe%pteﬁ%ngc@l%gur& %”%r%ez;ﬁ‘c‘s&ﬁﬁglo'n' Jpear axis,

substantial |l y per pendi ar to t frrst axis,”agalh In ne parall el
to the plane plafne]tsmeoﬂmbdéxneﬁsélav{rfg()ﬂaﬁ]ablbmhmélfslcmsaingﬁmeﬁﬁmbrkaddt@mnt mar k
detector can have a r novenment sufficient to provide coverage of
subst anti al | yaphé %thaéglépﬁ%%‘ih&fra&e SupRItigg g deecdons and jee pojesEPRon of the

o o, 4SHS 60 Ol Rk e i TR AT,
out put si gnaldlffetmgh)tatmso;futmhehqapsertmaba&agf Itdeheddedr akdegsuirené réar ks.
upon only peripheral alignment marks to align the projection system(s) to the
substrate. Improved production accuracy and flexibility can therefore be
achieved.
[0012] It will be appreciated that the frame can be moveable relative to the
substrate by moving the frame, the substrate, or both.
[0013] In one example, the frame can be moveable relative to the substrate along
a first linear movement axis, the “scan direction,” parallel to the plane of the
substrate. Each alignment mark detector is then movable relative to the frame
along a second linear axis, substantially perpendicular to the first axis, againin a
plane parallel to the plane of the substrate.
[0014] In one example, each alignment mark detector can have a range of
movement sufficient to provide coverage of substantially the whole dimension of
the substrate in the direction of the second axis. In the case of multiple detectors,
the movement of the detectors is non-overlapping. Each detector is arranged to
provide an output signal indicative of the positions of detected alignment marks.
[0015] In one example, each alignment mark detector can comprise an

illumination system for supplying an alignment beam of radiation, a projection



[ 0015] In one exanple, each alignnent mark detector can conprise an

illum nation systemfor supplying an alignnment beam of radiation, a
projection --5-- systemfor projecting the alignment beamonto a target
portion of the substrate, and a sensor for detecting radiation reflected
fromthe substrate. [0016] In one exanple, each position sensor can
conprise a laser interferometer. |In oné-exanple, the |aser interferoneter
conprises a reflector or mirror surface fixed relative to the associ ated
ali gnnment  nmar systtat fepedjectigdhaali@sednt Bedn antoradigat patioder grtsabstfatyed
relative to the frame. Alternatively, a linear grating system can be used.
[0017] | n onedéhaipppa, for %eqtmtgﬁé@@fa@me@e%fb&pmtgg s atonpri se a |inear
notor & iated wt al i e : ' Ldes |inear
moverent 08! ¢ he. diicueebRier e iaTRy (et eREhabRes L AR BEEE" Coupi e

to each |ineal oneRk@ipleOthed et édfdrBiiclch CoriPisdck b @EflRiortdrenimdt Quir(:8 1N
dependence upon operator inputs. [0018] In one exanple, the |ithographic

appar at us canfixadmsldtye tanthaldsgeraaied aligwnent ohir detentory @peiaylaser @ aut put of

the or each positio ens nd, of the o eac al ignnent.. mark detector. In
dopendence upg e i EE0F Vs IFpfls L hep koS st ot 2 L illiE o' o ust

the position gftetlh@nyehstd ate relative to the frame and/or the scanning
speed of the substrate and/or the patterned beam generated by the or each
pr oj ect i[681Hy st em In[cpe E8mplsc thedithegrephiaagparatesangopustse aflineempievent i on

there i i ded h f alijagni bstrate.with
oraj oct | on sySUEHECLY A SR HGOPEBHARH: ATy teh Diis o PafaBe K Ly <t ers

being fixed tgFtRe f88Br tdhalvelts (RORERAB] hd doBlrdl ¥stRublRa 18 YRS idae. The
nmet hod conprises the follow ng steps. Determnin t he approxi mate

posi tions of radtoyfrennirekiing sheppasitided thematas(s) irndependenchapos apgatont e.
Movi ng one or. qgre alignnment mark detectors, relative to the frame or to
the projecti dlP8ystem(s), to positions at which the alignment narks can be

det ect eqgo18) In one example, the lithographic apparatus can comprise an alignment
controller for receiving an output of the or each position sensor and of the or each
alignment mark detector. In dependence upon the received signals, the controller
is arranged to adjust the position of the substrate relative to the frame and/or the
scanning speed of the substrate and/or the patterned beam generated by the or
each projection system.

[0019] According to a further aspect of the invention there is provided a method
of aligning a substrate with one or more projection systems of a lithographic
apparatus. Each projection systems being fixed to a frame that is moveable
relative to the substrate. The method comprises the following steps. Determining
the approximate positions of alignment marks provided on a surface of the
substrate. Moving one or more alignment mark detectors, relative to the frame or
to the projection system(s), to positions at which the alignment marks can be
detected.

[0020] In one example, the step of moving the one or more alignment mark
detectors comprises monitoring the output of one or more detector position
sensors to provide detector position feedback, the position sensor(s) being fixed

to the frame and/or the alignment mark detector(s).



[0020] In one exanple, the step of noving the one or nore alignment mark
detectors conprises nonitoring the output of one or nore detector position
sensors to provide detector position feedback, the position sensor(s) being
fixed to the frane and/or the alignment mark detector(s). --6-- [0021 ] In
one exanple, the step of noving one or gnre al i gnment mark detectors
conprises applying drive signals to a I'riiear drive nmechani sm associ ated
with each alignment mark detector. Each linear drive mechani sm can

conpr i sel0421] i near Inpwe gxamploghoptep af mavinguse exaenslabgnmertienask éefediorsi nvent i on

is applicable to lithographic a ratus rel.ying upon either k or
arrays of ind?%@ﬁﬁﬁ?nggggfﬁgFﬁggﬁgt?éﬁ W@ﬁ?ﬁV?ng ??a§“ﬁ5¥%%gﬁﬁto t he
proj ected beaghch [20823bnt FHrlkch@die oD OB BN By dﬁ@@hﬁé&%as@r&_gn%@lm?ﬂg@ges of the
present inventions, as well as the structure and operation of the various

enbodi nent s ofneghmopresent invention, are described in detail below with
ref erenc t he conpanyi n drawi ngs. . BRI EF DESCRI PTI ON. THE

DRAW NGIPRPBURES TIOGDHY® YHHEHEE SifpBRHA ARG RGBT A UPRETRES T por at ed
herein and f inﬁhﬁtus%fﬁng)ﬁl{)gﬁrh%itﬁEEeE'd(lésﬁ_a(gﬂ &H‘ays'dfl iﬂﬁfv‘icﬁfaﬁytéb%u@flﬂg nt

i nvention and, togethér w the description, further sérve to explain the
princi pl es ofelethents viepiitarpatiech todhep@idceeddeaper son skilled in the

pertine t to ke and use the_ invention. [0025] Figure.l depicts a

l'i t hogr Qbﬂf@ appa?@{f@er, o %@W&Pﬁ%gfeetareér?edé aer_éﬁ%thspresmr}\fﬁneg%t _

| nvent i on. [ 0028k EhEificfird LS AAIES fk PERT YhEYARYI gLt hOGT aphi ©
apparatus, according to one e oélnent of the present 1 nvention. [0027]
Figure 3 il | ustanabesarenlesiridedehedetdil belowi with tréfercapp ér dteusccomphigug e 2
viewed in the direction of Arrow AL [0028] Figure 4 illustrates

schemat i cal | yr4H"8¥ i gnment mark, according to one embodi nent of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0024] The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to enable a
person skilled in the pertinent art to make and use the invention.

[0025] Figure 1 depicts a lithographic apparatus, according to one embodiment of
the present invention.

[0026] Figure 2 illustrates in plan view a scanning lithographic apparatus,

according to one embodiment of the present invention.

[0027] Figure 3 illustrates in side elevation view the apparatus of Figure 2 viewed
in the direction of Arrow A.
[0028] Figure 4 illustrates schematically an alignment mark, according to one

embodiment of the present invention.

[0029] Figures 5 and 6 illustrate in plan view substrates with various panel
layouts, according to various embodiments of the present invention.

[0030] Figure 7 is a flow diagram illustrating a method of operation, according to

one embodiment of the present invention.



[0029] Figures 5 and 6 illustrate in plan view substrates with various
panel |ayouts, according to various enbodi nents of the present invention.
[0030] Figure 7 is a flow diagramillustrating a nethod of operation,
according to one enbodiment of the present invention. --7-- [0031] The
present invention will now be described with reference to the acconpanying
drawi ngs. In the drawi ngs, |ike ref ererée numbers can indicate identical
or functionally simlar elenents. Detailed Description of the Enbodi nents
Over vi e 38 Ter m hid @ggse{nompﬁm tthbugivw dpeddstiiloed efithr efigenceate the nade in

this text to the use .of i.t ho hi.c apparatus in the manufacture of
integrated ci ?Q?BV’P%HYW@?WIWS %&8‘? dr ér?éjs {ﬁléfe‘f TERTE PHBRers prm IPé‘Fﬁtﬁgr aphi c

appar at us deSﬁ%hﬁﬁﬂopﬁ&ﬁﬁ&uﬁ?@nﬁﬁﬁﬂﬂ&ﬁﬁﬁg applications, such as the

manuf acture of i ntegrated i cal systens, guidance and detection patterns
for magnetic domain nenories, flat panel displays, thin-film magnetic

heads, etc. The skilled i w || pr et |n the cont ext of
such alternative applic ?%Hgéq%%ﬁxﬂggﬁb?ﬁﬁﬁiéPg¥ﬁﬁ or "die" herein
can be considered as synonynmous with the nore general terns "substrate" or
"target portion,” respectlvely The substrate referred to herein can be
processed, be@ﬂﬂew“ﬁﬁléﬁﬂ@ﬁmeﬂﬁbsure in for exanple a track (e.g., a too
that typically applies a layer of resist to a substrate and develops t he
exposed [0632]st) orAkhomghr gleodic miferchaes@@ché amdeoial thisNext o appluse alfl e, t he

di scl osure hereln can be applied to such and other substrate proce55|ng
t ool s. Furthéﬁ50$ﬁ@“§@ﬁ§¥?5¥E”E%WaﬁéhﬁPﬁee§§@ﬂaW6FE“”FNKH)éﬁ@@u dpgr exanpl e

in order to (Unggltsﬁ)foﬂ e ?ﬂe llﬂ}%)g{alpg%e pjah Pestcﬁ ed $6ffin %Hl?%ta(/ﬁo?lgrzed

herein can also refer to rea y contains nu

processed Iayephumbﬁa3ﬁﬂ1&hhehenmh1aﬁnﬁmna@awﬂdpucduakhysgommmmbh@ble

el enents" as here enployed should be broadly |nterpreted as referring to
any devi ce t HEtcCHaMPHETISH Magneitidrinain mamsisss i#rj Panelidagnlays, Beatiohi th a

patterned cr %%n%ﬁ& Béa%@, ete© 'Ithréasﬁﬂl?ed%?&éaﬁ%hl appreciate that, in the context of

such alternative applications, any use of the terms “wafer” or ““die” herein can be
considered as synonymous with the more general terms “substrate” or “target
portion,” respectively. The substrate referred to herein can be processed, before
or after exposure, in for example a track (e.g., a tool that typically applies a layer
of resist to a substrate and develops the exposed resist) or a metrology or
inspection tool. Where applicable, the disclosure herein can be applied to such
and other substrate processing tools. Further, the substrate can be processed more
than once, for example in order to create a multi-layer IC, so that the term
substrate used herein can also refer to a substrate that already contains multiple
processed layers.

[0033] The term “array of individually controllable elements” as here employed
should be broadly interpreted as referring to any device that can be used to endow
an incoming radiation beam with a patterned cross-section, so that a desired
pattern can be created in a target portion of the substrate. The terms “light valve”
and “Spatial Light Modulator” (SLM) can also be used in this context. Examples
of such patterning devices are discussed below.

[0034] A programmable mirror array can comprise a matrix-addressable surface

having a viscoelastic control layer and a reflective surface. The basic principle



pattern can be created in a target portion of the substrate. The terns

"I'i ght valve" and "Spatial Light Mdulator" (SLM can also be used in this
context. Exanples of such patterning devices are discussed bel ow. [0034] A
programmable mrror array can conprise a matri x-addressabl e surface having
a viscoelastic control layer and a reflective surface. The basic principle
--8-- behind such an apparatus is that ~Sf-or exanpl e, addressed areas of the
reflective surface reflect incident light as diffracted |ight, whereas
unaddr essed ab@asd swh|acippaiahwsiisidnt, i elampds addnctisa‘eﬂramatsexﬂthd mhtctiviesi ng an

appropriate spatial filJte i ffr edI| filtered out of
tﬁg rgf | ect edg‘ﬁtaﬁ ef{e&éﬂ@ antgﬁﬁﬁ/astﬁfgf iﬁ‘ﬂ%"a%’éﬁ %‘?ftj‘ ef%?gra@&%‘i’fﬁﬁﬁe
substrate. | nigkbhest ggﬁ?% un(ﬁlh?acl?&iag%lgec@gﬁ anP&} r%r%g Fa‘?rfme?gt ko the

addressing pattern he matri x-a ressab e surface. 35] I't” will be
appreci ated tlhrahffraanaMgMIcaer‘ond’ﬁltaml otthef thelreBectahbeadn, Ilbe\nngnwhlyc the

diffracted li t he dlffracte light to reach the substrate. An
array of diff ?%%F’E gfbtp?q Eeé‘f’h & Subsbale ¢ E‘?é}éﬂs HEYRAN Ed]eag’yg?cé’ﬂieél\/El\/B)

devi ces can aﬁé@me@%a&’@r@ﬁ{lg t@t da‘ﬁﬁfésﬁﬁ%?@@érﬂgfgf@m{gf agéfegsaglef%lgﬁg ive

optical MEMS device can include a p ality ective ribbons that can
be def or[ni)ﬂﬁiS]r el at i v evill beaaperecainat thet; at an hhermmtaveg et filkg dahdiiter et et s
i ncident |igh as di ffrgct ed |ight. [0036] A further alternative enbodi nent

can incl ude aff Faé’lfh%ﬁh?BPdlf%%q%VI%&WWGQHW9ﬁ O Rbenent  of
tiny mrror S’dlf}?agrlvé’f) ﬁﬁ'ch@f% fRa1h Mfcﬁl’é&%teﬁﬁ (i\{)ﬁM@ﬂp QUL ARsEX1 S by

appl ying a sui ca ized el ectric oyl ng

pi ezoel ectri heastdiat i correvpamiing DaneraGatindifigivaioptici BN dmtcrelcxn

addr essabl e, such that addressed mirrors will reflect an incom ng radiation
beam in a diiP¢EfeAPlMriECef GHesth cukhous db¥ can ferdedprancd; islativp 40 RBRAner , t he

reflected beagy. s PaLher feh AREALHEA0E fich e RdEARSLOGLDAL Lern of the

mat ri x- addressa e mrror e require reSS| g can be

per f or mgA036i ng SUWA tfahe lcantiveBinboditansan [RORE]a prodghothatslt ntiker
5| tuati ons descri bed here above, the array of indivi dual ly controllable
el enents can E@HENeYIBaE BTTIENEBeH | IS, re9eh @f et can be

individually tilted about an axis by applying a suitable localized electric field, or
by employing piezoelectric actuation means. Once again, the mirrors are matrix-
addressable, such that addressed mirrors will reflect an incoming radiation beam
in a different direction to unaddressed mirrors; in this manner, the reflected beam
1s patterned according to the addressing pattern of the matrix-addressable mirrors.
The required matrix addressing can be performed using suitable electronic
means.
[0037] In both of the situations described here above, the array of individually
controllable elements can comprise one or more programmable mirror arrays.
More information on mirror arrays as here referred to can be gleaned, for
example, from United States Patents 5,296,891 and 5,523,193, and PCT patent
applications WO 98/38597 and WO 98/33096, which are incorporated herein by
reference in their entireties.
[0038] A programmable LCD array can also be used. An example of such a
construction is given in United States Patent 5,229,872, which is incorporated

herein by reference in its entirety.



More information on mrror arrays as here referred to can be gl eaned, for
exanple, fromUnited States Patents 5,296,891 and 5, 523,193, and PCT pat ent
applications WO 98/ 38597 and WD 98/ 33096, which are incorporated herein by
reference in their entireties. [0038] A programmable LCD array can al so be
used. An exanple of such a constructiop is given in United States Patent
5,229,872, which is incorporated hereifn by reference inits entirety.
--9-- [0039£]It shoul d be appreciated that where pre-biasing of features,
optical [908%i mity Bothoslt berappresiatadethat prwse pvabiasing orf feelorasi gnéealand
mul tiple exposure . techni.ques, are used, .for exanpl e he, pattern
"dispFayed"p&%OFnggﬁ?§§h§? &$ﬁﬁ%B@H8§?TvK>&ﬁ%?%ﬁﬁé@%@nEFﬁﬁaﬁpgﬂgsn differ
substanti al | ytebHiRgdshgre PRHE TS @M, Uk | pateFRnSkpEIRE &P u ha¥elrof or on
the substrate. Simlarly, the pattern eventually generated on the

substrat e cannfgidugdyresagoHeble clamentpaan eliffierf srbstadtialy frany tlenpatienst ant on
the array of indivjdually controllable elements. This can be the case in
an arr ange_rrenetve?tr"ilau% :tjrélPISf%]hr% &/_%%iyﬁéf’ pat't &%3@6?%'d Sbrﬁﬁ%rg\’é MSBIHERE ¢ he
substrate is éif@hﬂuhl\}\ﬁge&)/z&éd &n Bk V@R RRICh R HoQortelB1d98 1R pditMf Torpitaer of

exposures during which the pattern on the array of individually
cont rol | abl e ssyenentstgndenltherarray bndieldutily eorpodlableclenehtst fibis sabistthat e

changes. [0040] Although specific.reference can he de inthis.text to the
use of |ith&6%ea’6rﬁnca’r£§§%1?§‘ttd% whieh heSYERH Bt 20 nglo&?“ﬂ} Rar%%fdh? d be
under st ood t habsttdi€is thitlt BOGVARN; GerBRP: el j ave ot her
appl i cations, ssucah lgs, fgé) exggrlrpei e, ?E?Eglﬁgﬁggl%@gﬁgb%%&gﬁgggp VEMS,
MOEMS, i nt egrdatied wyxthi tbapattesy st desrragof iddivodialip dodetleble elemepatahdons f or
magneti c do i anel displays, thin fil mnmagnetic heads,

i n nories, flat
etc. The skrﬁ]:‘ee’&_%g’rvﬁpgélﬂowoiff easf:}g"?t@é‘i 288 hat, in the cont ext of such
al ter natrpygyappl i %Eﬂoﬁgﬁsp@&ﬁp;&ﬁ?e%ﬁ{ce the M. "iwazlﬁrt"ext 8 medh& ofi€rein can

be considered as synonynous w e nore general terns "substrate" or
"target port ilidmgraphesypatdtuehyhe nireifans bf Kisitskddd bethdemstdel thitnhean  be
P ;gicgzsﬁc:’ b?itdgorg?ap%ric z%)fptaregtuseé(eggr?b%rd%’erelinncJnohravg)ét rgr)!cq%ﬂi%attignasl?sﬁc %s,tfgro | that

example, the manufacture of DNA chips, MEMS, MOEMS, integrated optical

systems, guidance and detection patterns for magnetic domain memories, flat

panel displays, thin film magnetic heads, etc. The skilled artisan will appreciate

that, in the context of such alternative applications, any use of the terms “wafer”

or “die” herein can be considered as synonymous with the more general terms

“substrate” or “target portion”, respectively. The substrate referred to herein can

be processed, before or after exposure, in for example a track (a tool that typically

applies a layer of resist to a substrate and develops the exposed resist) or a

metrology or inspection tool. Where applicable, the disclosure herein can be

applied to such and other substrate processing tools. Further, the substrate can be

processed more than once, for example in order to create a multi-layer IC, so that

the term substrate used herein can also refer to a substrate that already contains

multiple processed layers.

[0041] The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a

wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)



applies a layer of resist to a substrate and devel ops the exposed resist)
or a netrology or inspection tool. Where applicable, the disclosure herein
can be applied to such and other substrate processing tools. Further, the
substrate can be processed nore than once, for exanple in order to create
a multi-layer 1C, so that the termsubstrate used herein can also refer to
a substrate that already contains nurf(bTe processed | ayers. [0041] The
terms "radiation" and "beant used herein enconpass all types of

el ect r omagnet fragiatigdi(asi wing ek vaiénegh i the sango b6-20WW)), packhes particle. g.

having a wavgl engt h,of .36 248, 1193, . 157 or 126 nm and extrene
ul tra-viol et EWSL—‘@ }Qn!?%l Sa(frieé)‘?‘f%()g.bﬁa}m%avi ng a wavel ength in the range

of 5-20 gmmll as Wefrhe @fm PAOjdcEbE sysReFMsed BHER sﬁ&ﬂ@i@é‘br@@&z%t%re@é&&t ron
beans. [0042] The term "projection systent used herein should be broadly

i nt erpreted asncogmpessiEasmiong txpes o pwojtofpesysémpriogleding sefrayise@pticali ncl udi ng
refractive optical systens, reflective optical. systens, and catadioptric
optical syst e%?en};?s reéfﬁ%’rVSp?Ii’técta ,Syfﬁ?lsef&ﬁp?aé?él‘?@%/‘ct PGk pBSIEMS: Padi ati on

bei ng used, OfprQridds, H6F exdn@ifb Ofo? (BYERD Rbrel AGiaHSE beingARel N3 g f | Ui d or
the use of a vacuum Any use of the term"lens" heréin can be considered

as synonynousfagiordsuches euee geansinahersioefiuid prtbg estdfarvasysb.etmy ufe@43] The
illum nation \é%t em.cap . al so enconpass vari ous tyBes.
i BEITE Hensy

f optical
conponent s, SFTeRLEANRe consideredas gwonyng wftgdh%gxom &Rl cal

conponents ftgﬁnd{nro?&ggﬁlgystemapi ng, or controlling the beam of radiation,
and such conponents” can also be referred to below, collectively or

si ngul ar[0943jJas a "TlenglunifdaddysfEhe chi thognaphpass appausatypss ofinptiel of a type
having two (e.qg., dual. Cﬁ}tﬁq?ge) or. nore substrate tables, (and/or two or nore
mask t abl es) . COMPOLEER MGHINE Ffactive feflecting apd Frbadionide apfifl SOBMONeREh| es can

R T e
[0045] The |idahatpodpheferrappaiddwscairntiedlgor dheguddriyaat yflenwhierei n the
substr at[804|14ﬁ The lithographic apparatus can be of a type having two (e.g., dual stage)

or more substrate tables (and/or two or more mask tables). In such “multiple

stage” machines the additional tables can be used in parallel, or preparatory steps

can be carried out on one or more tables while one or more other tables are being

used for exposure.

[0045] The lithographic apparatus can also be of a type wherein the substrate is
immersed in a liquid having a relatively high refractive index (e.g., water), so as
to fill a space between the final element of the projection system and the
substrate. Immersion liquids can also be applied to other spaces in the
lithographic apparatus, for example, between the mask and the first element of the
projection system. Immersion techniques are well known in the art for increasing
the numerical aperture of projection systems.

[0046] Further, the apparatus can be provided with a fluid processing cell to
allow interactions between a fluid and irradiated parts of the substrate (e.g., to

selectively attach chemicals to the substrate or to selectively modify the surface

structure of the substrate).



immersed in a liquid having a relatively high refractive index (e.g.

water), so as to fill a space between the final elenent of the projection
system and the substrate. Imersion |iquids can also be applied to other
spaces in the |ithographic apparatus, for exanpl e, between the nmask and

the first element of the projection system | mer sion techni ques are wel |

known in the art for increasing the nunérical aperture of projection

systems. [0046] Further, the apparatus can be provided with a fluid
processi ng celithogemphig Frejection dpaekiisns bet ween a fluid and irradi at ed parts
of the substrate (e.g., to selectively attach chemcals to the substrate

or to seoest]i vely HTgﬁiiestdhbﬁlaﬁMfya&‘e@wtéSb nigedgudpdiOprofdi€ios upsdra@t apo - - 11--
Li t hographi ¢ Projection Qg paratus [0047] Figure 1 schematically depicts a
| i t hogr aphi ¢ 3seSHBEP 6n cappdimantef t mveaa@@rdpwgatpeﬂ%mém@amém a of t he

I nventi Onl ng\ﬁg‘% 1}?){/5%919 lOlefiﬁ'ilagr?%atf m(?@ tuaﬁl)iﬁal%%lﬁg rlex%%ﬁtsel 419

array of vid cont elenen jec tabt & 106

(e.g., a subsibjeat ebleaflea).g. andbarddé %ﬁgta@mﬁyﬁb ys{eﬁﬂgflénsipﬁ)s [ 0048]
Radi ati on system 102 can be used for supplying a beam 11 radi ati on
(e.g., UQ04&di ati di’c@dlatmusaﬁemri%wa@bpa$qd|f@m@ply@%%b@mbl(b@ﬁj@dia@e@ a

di at 49 A di || troll abl
cl emont s 104 (F& ¢!V TAUAVar MWD o R Ry kI R B a8 B appi yi ng

a pattern togshgapniiO. In general, the position of the array of

i ndi vi dual |y controllable_eLenents 104 can be fixed relative to projection
syst em 10@49] Howev ¥ arfay cdmdavidealhatontrellarle elagentsn 04 (g, a progeamidble

i ndividually controllable ele 04 can, be cqnnected to a tioning
dovi ce. (not” SHORRFTEBr R b Gy pbdie fGRITG POL O, deguBeRbair of ecti on
system 108. »hsiiibeloe tﬂ@ﬁhﬁj;r %@i,malofahmde&htma%wﬂ&le%ﬁt@bﬂoa &hepenksy 104 are
of a reflective type (e.g., have a reflective array of individually

controlIabIer@wenﬁnusmed@ﬂOﬁGchbp&cHDMabmenﬂ@ﬁaMame@zpmmgmdau mith a
substrat e hol der i fi i substrate 114

(e.g., a res?g?y%§§8%Hﬁ§ﬁ§k%ﬁ%3&b%§e%%%&%ﬂ%@%ﬁbggagkgédﬁgapomnomng

device (not shown) for accurately positioning it with respect to projection system
108. As here depicted, individually controllable elements 104 are of a reflective
type (e.g., have a reflective array of individually controllable elements).

[0050] Object table 106 can be provided with a substrate holder (not specifically
shown) for holding a substrate 114 (e.g., a resist coated silicon wafer or glass
substrate) and object table 106 can be connected to a positioning device 116 for
accurately positioning substrate 114 with respect to projection system 108.

[0051] Projection system 108 (e.g., a quartz and/or CaF, lens system or a
catadioptric system comprising lens elements made from such materials, or a
mirror system) can be used for projecting the patterned beam received from a
beam splitter 118 onto a target portion 120 (e.g., one or more dies) of substrate
114. Projection system 108 can project an image of the array of individually
controllable elements 104 onto substrate 114. Alternatively, projection system
108 can project images of secondary sources for which the elements of the array
of individually controllable elements 104 act as shutters. Projection system 108
can also comprise a micro lens array (MLA) to form the secondary sources and to

project microspots onto substrate 114,



substrate) and object table 106 can be connected to a positioning device
116 for accurately positioning substrate 114 with respect to projection

system 108. [0051] Projection system 108 (e.g., a quartz and/or CaF2 | ens
systemor a catadioptric systemconprising |lens elenents nade from such

materials, or a mrror system can be Lésed for projecting the patterned
beam received froma beamsplitter 118%nt 0 a target portion 120 (e.qg.,

one or nore dies) of substrate 114. Projection system 108 can project an
i mage of [00A&] ar r ayS@frce hifi (i sl axgime daser) R Bisideced kepphelradighion itd

R R T R e e s

T
secondary sources nrs— o e n |V|éhally

control | abl e gtemanig tA4rsag onditishivl devise 186,04uek tak @Mbesiyiséxgandd8forcan al so
conprise a mcro lens array (MA) to formthe secondary sources and to

proj ect mi cr o¥ysmde. ditasaidst Fataa chmprise an adjustjrgoBrjcedagrieesciting the. g. , an

exci mer | aser) .can produce abea f radiatiop 122, Beam 122 .is.fed into an
T um nat on SYSCRIRE R ErRRr B (sd bR Faer Pord P avi ng
traversed COQ@%SdcﬁWlﬂgofdﬁy irftenshz Qisteblafdonas bearReam BXRRNEST, illdBatoexanpl e.
[I'lum nator 124 can conprise an adjusting device 128 for setting the outer

and/ or inner ¥ddvil geastadptingledmyasioly othef egmpanents, siwh (@7 anintegraind38- i nner ,
respectively) aof the.intensity, dj,stribution jn beam.122. I.n additi.on,

T uminat or 440 O enanhl | e e Poah i Has Bt REP BB ants Touch as
an i nt egr at orindiQuat doRrAMBEEBIS AR 34 Hab at MiscaVa¥ifoRaaMAd fedRi Nai ng on

the array of individually controllable elenents 104 has a desired
uni formi ty arntstiihttemsintity creisseetidmuti on in its cross section. [0053] It

houl d t ed, i th d .Fi 1.t hat he .wit hi
Pho houdBABan e i M au LORRted SilRehf amighil 1R S05S: LRE Mt hi™ he Case
when sour ce (hd RolshgMRRSEM B oflap BRI 0D (a8 oALA BINALE When

enmbodi nents, source 112 can also be remote fromlithographic projection
appar at us 106ouicn 11 hisst mersaty lamagdioatxapmlde mallc2@ative ghdbodanddits, ecired i nt o

Bl ter Scenard ekt it o iimant Satmpeioppppaani 190k ER YR T S
radiation beam 122 would be directed into apparatus 100 (e.g., with the aid of
suitable directing mirrors). This latter scenario is often the case when source 112
is an excimer laser. It is to be appreciated that both of these scenarios are
contemplated within the scope of the present invention.

[0054] Beam 110 subsequently intercepts the array of individually controllable
elements 104 after being directed using beam splitter 118. Having been reflected
by the array of individually controllable elements 104, beam 110 passes through
projection system 108, which focuses beam 110 onto a target portion 120 of the
substrate 114.

[0055] With the aid of positioning device 116 (and optionally interferometric
measuring device 134 on a base plate 136 that receives interferometric beams 138
via beam splitter 140), substrate table 6 can be moved accurately, so as to position
different target portions 120 in the path of beam 110. Where used, the
positioning device for the array of individually controllable elements 104 can be
used to accurately correct the position of the array of individually controllable
elements 104 with respect to the path of beam 110, e.g., during a scan. In general,

movement of object table 106 is realized with the aid of a long-stroke module



is an excinmer laser. It is to be appreciated that both of these scenarios
are contenplated within the scope of the present invention. [0054] Beam
110 subsequently intercepts the array of individually controllable

el ements 104 after being directed using beamsplitter 118. Having been
reflected by the array of individually controllable elenments 104, beam 110
passes through projection system 108,-Mhi ch focuses beam 110 onto a target
portion 120 of the substrate 114. [0055] Wth the aid of positioning
device 116 (arduspbbstiahiny) imit £shbersoies ﬁioauler(ﬁaéydséiﬂﬂ@liﬂ%ybm%k%&n a base
plate 136 that receives interferonetric beanms 138 via beamsplitter 140),
substrat e tabP@ligityglepistedipegirad c drsanangysten cas alse bpusiditp ppsitiefi heer ent

R e L T i e T IR R S AR

t o accur at el yl loafan@iérmbiieclpasditibenlydk rﬁdif@a‘tﬂé,r\ﬂmectfblj]édﬂ&ible 1ddahdipr the
controllable elenents 104 with respect to the path of beam 110, e.qg.

during a scardrayroigaderidually eppireHee elsments B4 cambiee 4 Goeil posisiahitzed wit h

the aid of a plrggvgig[%?ﬁe{r%kﬁirer%r%ﬂtﬁfg%ollv%%ger}t(.Cour se positioning) and a

short - stroke ure rhe posi which are not explicitly depicted
in Figur@ode] A sininlaaniteystiesdndBuatisf oPBe b$86dihRnP aistrh@abldi®e caf r ay of
individually controll able elenents 104. It will be appreciated that beam

110 can al t erbedixedevith aduireiedddbegbe veahieaireubsiiaid tablob PecWhemitiie 106

and/or the array of. individually controllable ele s 104 can ve a

fixed positidh d?%e’ SBPA %Ealb?%gdér’éé’ﬁ?‘fléﬁfwgﬁétm t‘ffge\f)gtr?é’ﬁ?mgf %%é?‘" In an

alternative Q@EEME kR, ofs el Baheaidmnt opeﬂi‘ﬁ%stt[ﬁ BESidAPER ch@fogan  be
su

fixed, with substrate 114 being noveable over substrate table 106. Were
this is donevhiguissapaitleof suppertin@éubsirapy bivi déus wicohveatinndllyirefeded of openi ngs

flat t face, gas in .through the openi 0 provide
o 3L MRS IRSL.SH! La0e 50 R0 Lo LN OUOR LIS RENLaRgd o Provi
conventi onal Liingeh&s bEehdre acAmtdAd (At sRKAN, RicA HR_RNIBABBLr RYhdldate 114 is

moved over substrate table 106 using one or nore actuators (not 'shown),
whi ch are capablieniog sabgitatai &4 with respect to the path of beam 110. Alternatively,

substrate 114 can be moved over substrate table 106 by selectively starting and
stopping the passage of gas through the openings.

[0057] Although lithography apparatus 100 according to the invention is herein
described as being for exposing a resist on a substrate, it will be appreciated that
the invention is not limited to this use and apparatus 100 can be used to project a
patterned beam 110 for use in resistless lithography.

[0058] The depicted apparatus 100 can be used in four preferred modes:

[0059] 1. Step mode: the entire pattern on the array of individually
controllable elements 104 is projected in one go (i.e., a single “flash’) onto a
target portion 120. Substrate table 106 is then moved in the x and/or y directions
to a different position for a different target portion 120 to be irradiated by
patterned beam 110.

[0060] 2. Scan mode: essentially the same as step mode, except that a given
target portion 120 is not exposed in a single “flash.” Instead, the array of
individually controllable elements 104 is movable in a given direction (the so-
called “scan direction”, e.g., the y direction) with a speed v, so that patterned

beam 110 is caused to scan over the array of individually controllable elements



positioning substrate 114 with respect to the path of beam 110.
Alternatively, substrate 114 can be noved over substrate table 106 by
selectively starting and stopping the passage of gas through the openings.
[ 0057] Al though lithography apparatus 100 according to the invention is
herein described as being for exposing a resist on a substrate, it will be
appreciated that the invention is not~14mited to this use and appar at us
100 can be used to project a patterned beam 110 for use in resistless

l'i t hography. [@b58incTiendypubitett @plvalatisisinil@naaslybeowsiad thasaiguor

referred nodes 0059]..1. Ste t he. en attern on_the arra of
Pnd|V|duaIIy O@Bﬁ%?émmg%Wba%Péggﬁtg'Id%v1§1 5%&@? diFﬁnﬁ%%ﬁﬁﬁmPlfr y
singl e "flash;),; Q0LRs@Aterh 2689h tRORLHRL, ei]'l%%l‘tlfv?lgr %é éa}g‘etf)&*%ﬁlé@@an'b% the“

nmoved in the X and/or"y directions to a t position for a different
t ar get port|OﬂqmgﬁiWOHMethmmm@%aba@nhymepatﬁmhmbd beam 110. [0060] 2. Scan

node: ess |aIIy he sane as step node, except that_a given target
port i on 8 i s not expog%]éeinﬁd%t t%?%“gwfmqﬂééwllymﬁg@%%meel?lﬁ@nta#%gs of

i ndi vi dual I'y E@@Es{i@ﬁt 4 s@aﬁ%h H& ﬁdejeﬁﬂréjﬁ JBHM%{?J gcke'a q%tﬂé%é?%bpgb%x%ﬁ“ on (the

so- called " Irec Ire , SO that
patterned beHf dﬂsﬁkbstSate am edng puBedaradmmn syhanamﬂa)@ubitratathb‘lld theais| y
control |l able el enents --14-- . Concurrently, substrate table 106 is

si nul t aneous| SORBLEGD ?%E%Sﬁélaélaﬁ@l%%m swfﬁségqf{téatmaﬂ@@?ql bernad 1Gisspesed v = My,

[ whi ch Wi siothgy RGN LSRUL00:RL 108 AEGHLON SYRESMAT: ilitd s, manner

a relatively Iarge target portion can expos Rout  ha ing to
conprom se orconesbhble ietemenfO0BL]s whdated| Serequicke: bett\heerapmlags off radfatibii dual |y
controllable elenments 104 is kept essentjally stationary and the entire
pattern is profieet K8 Bdtle pulsesageimpdsuchdhat sudgssye aiasEpeTHeBs 12018 si ng

pul sed radi ati9an. Sy.si %‘31% &h t 1g V,
essentially cgﬁ %aﬁ?{gg% g& ggﬁkégsgg%?gﬁﬁéd n&:u?gggﬁﬂmﬁgggg to scan
a | ine across]igubsatstat scrd3Gubdihge ppd foegxposatht Rempldia@yattdm ifordd sttipwdl |y
controll able elenments 104 is updated as required between pul ses of
radi ati on substrate 114. The process is repeated until complete substrate 114 has been

exposed line by line.

[0062] 4. Continuous scan mode: essentially the same as pulse mode except

that a substantially constant radiation system 102 is used and the pattern on the

array of individually controllable elements 104 is updated as patterned beam 110

scans across substrate 114 and exposes it.

[0063] Combinations and/or variations on the above described modes of use or

entirely different modes of use can also be employed.
Exemplar Scanning and Detection Systems

[0064] Figure 2 illustrates in plan view a scanning lithographic apparatus,
according to one embodiment of the present invention. Figure 3 illustrates in side
elevation view the apparatus of Figure 2 viewed in the direction of Arrow A.
These are directed to a scanning-based mode of operation.

[0065] In Figure 2, the lithographic apparatus is arranged to scan a two-
dimensional pattern in one direction, the “x” direction, across the surface of a

substrate 2. The apparatus comprises a substrate table 1 on which is mounted



system 102 and the pul ses are tined such that successive target portions
120 are exposed at the required | ocations on substrate 114. Consequently,
patterned beam 110 can scan across substrate 114 to expose the conplete
pattern for a strip of substrate 114. The process is repeated until

conpl ete substrate 114 has been exposed line by line. [0062] 4. Continuous
scan node: essentially the same as pul-sé-node except that a substantially
constant radiation system 102 is used and the pattern on the array of

i ndi vi dual | y wbstratol| eubetrat et $s hodeabde imptlatethnas dadctien, ied theam 110
scans across substrate 114 and exposes it, [0063] .Conbi nations and/or
variations othHEO%B@V%ﬂH%ﬁéﬁh%éﬁmﬁﬁﬂégﬂﬁﬁmﬁ§§/%@HV%®$”%%F9t%@P@éﬁent nmodes

of use can alIsiglgrg?ge\gﬂlcﬂ)é?g‘ate%ﬁwlt%co%(fr%ﬁ]gfg'?lxﬁﬁgg?sg fation Systems | 0064]

Figure 2 illus s I n plan view a scanni ng i'C appar at us,

accor di fgo66] one ewbogtedrbdvealibithes PaRiSABItrdteaBIY i 198 trofbdfitrge Bthbd kust r at es
in side elevation view the apparatus of Figure 2 viewed in the direction

of Arrow A 1$ﬁ€§€mﬁV%uﬁﬁﬂ@Eﬁédﬂﬂ@laA§cdhﬁVﬁQdHagéﬁﬂh%dﬁm@¥4@E@K@ﬁlon
[0065] In Fi gs‘d%f f?legg he Sl)la%g%%ﬁ??%c G%%)lﬁxg 3t glia)o%te aNgss d, {.9. §z§ N a two-

di nensi onal ern® none rectlon acr e surface

of a substr ahe cebsschBe §RP6 R UehsEaIFNIN1S €SGaniSHd sippatte abal@kpro}ecﬁan which is
nmounted --15-- substrate 2. Substrate table 1 is noveable in the scanning

direction, i S§Stem§ Heleleverispdrsyistoms as iNwsiptedsnifiguh)yeachag dgseriged ect i ons,

by a drlve de | of_.shown, i e ich a at es d L t he
control of a con ro h Itse%ance ﬁﬁg&%g %ﬁ%@g\g}é&o%‘@ﬁ%{ﬁﬁr Sgggt ghd
substrate tabkrgedtidnSsydtetnsdl dr€Yoditi el téwiri@theitfailidd otd of gArttyl (/Mdta@e SUbstr at e
table 1. As illustrated in Figure 3, frame 4 includes support |egs 5a,5b

and a gant ry agangshior falethe geserpise mebemeshbeampembined Haysh compiter osses

t he space over_subst 6 supports a set of projection
systens 7 (ef%@%ﬁgao{%&gnﬂ 2§%H§P“g%Ffﬁgtrated in Figure 2), each as

descri beggoe7rbove h bhe 6008 REEN §18jckii @il Sterh 7 A8 bb ARy SosEARAES Over
substrate 2, alter the position at which patterned light impinges on substrate 2, as well as to
alter the shape of the beam. As mentioned above, this is generally achieved by
shifting the digital pattern applied to array of individually controllable elements
forming patterning means 104. The digital signals applied to the projection
systems 7 are generated by control system 3.

[0068] A set of alignment mark detectors 9 are located towards the leading edge
of gantry 6. It is to be appreciated that, although Figures 2 and 3 illustrate five
such detectors, this number can vary. Each detector 9 is arranged to detect the
position of alignments marks 10 on the surface of substrate 2. Also, each
detected 9 detects which alignment marks 10 pass through the field-of-view of
detectors 9, relative to the position of trolley frame 4, allowing for the
determination of the position of projection systems 7.

[0069] Figure 4 illustrates schematically an alignment mark detector 409,
according to one embodiment of the present invention. Detector 409 is one
example arrangement for detector 9. Each alignment mark detector 409
comprises a radiation source 11 that operates at a wavelength that will not cause
exposure of a photoresist on a surface of substrate 2. For example, source 11 can

produce red light that is shifted with respect to the light that provides the



projection systens 7 are positioned towards the trailing edge of gantry 6
and are arranged so that the generated patterned beans conbi ned to provide
conpl ete coverage of substrate 2 in the y direction. [0067] In one

exanpl e, each projection system7 can be individually controlled to alter
the position at which patterned |ight irglpi nges on substrate 2, as well as
to alter the shape of the beam As nentd-oned above, this is general ly
achieved by shifting the digital pattern applied to array of individually
control | abl e eipermgbsam$ @rgni3i¢ tpdfdrennisadbypajestid0dstelisd. dhgradadtiosi gnal s

applied to the projection _ systens re gepnerated by contraol system 3.

[0068] A set lafrﬁal#tjﬁn@m tharkripes 8@@@% &r 812y %g’ﬁi“édsl)?%%rlas UPRE | eadi ng
edge of gantry: 6. i S 10 j : : e 2 and 3
i I Tustrate fi%réje@ts‘ﬂ%%pﬂé%tlé’cfg%‘sd?ﬁt %ghﬁ’&?rgégr&?gfﬁie%‘? 9&9‘%2%”@ G

arranged to deétmche tiréacepdsibdtare Df Tgpicglhyyahpsmesrkakd Q0 @gnottshewsiunf ace of

substrate 2. Al so, each detected 9 detects which alignnment mar k% 10 pass
through the fi8FE-RREPNIAHPY Gepesckand devlonedregonsof ths PhaRrsssEPR 980 of

trolley framgdq Al g?%f[dgglggcjaﬁﬁzgﬁﬁh %%ﬂeﬂ@&f-oﬁ@o Bécuk.hger%%ﬁh :er.@cth

proj ection systens ure 4 1llustrates schematically an
al i gnment  martke dieégreedno madO ) by bokapdbngcHangoiien ando tivebafrefiéctioneo pr esent

i nvention. Detector 409 is one _exanple arrangenent for detector 9. Each
al i gnment mariisliévekeigeflagion. auhpickde s law e abesar bhoravedes AntEUt oper at es

at a wavel engt R t, £au ; I St a surface
of substrat e%%é.}laggf&)rel%ln%ftg& 33@8’1’ ?:[% "fﬁ%@%ﬁ%ﬁ}’ gl %58&%5% (?63%1@? at is
shifted w th poeBpact thcoddidveed dlighinchhatarkpt ®witt esspedi@o trollby fragxpahdg beans
(e.g., 350 to 450n_rrgi used by projection systens 7. The radiation is

proj ect ed ont¥YidRealest phibat RepItoGHER dceexpected Rodli®eam splitter 12, using

ected ontBy s oF! fRouIoR: usi
et oot AT o ¢ AT Y4 BB BETREr Jdeq MR PR B0 2 Re 10

(not shown i nnclirdiggrtosd)wiacke spare\dodgdnbits,ex posedradiatiod avetcepbetweegi ons of
t he photoresist on the substrate 2, and will cause a high | evel of
reflection tdeEe®Es?- Sensor 14 detects

[0071] With reference again to Figure 3, in this example each alignment mark
detector 9 is mounted on a linear drive mechanism 15, which comprises a linear
motor, Drive mechanism 15 is able to drive detector 9 across gantry 6 in the y
direction, across some range of movement. Typically, this allows each detector 9
to move half way across the space between each of the detectors 9, such that in
combination detectors 9 give full coverage across substrate 2 in the y direction.
[0072] Each drive mechanism 15 is coupled to control system 3 that controls the
position of detector 9. In this example, control system 3 receives detector
position information from a set of laser interferometry systems 16. Interferometry
systems 16 comprises, for each alignment mark detector 9, a mirror fixed to
detector 9, and a laser and sensor arrangement fixed to frame 4. Control system 3
monitors the outputs of the respective sensors as detectors 9 are moved in order to
count interference fringes and determine the positions of detectors 9. In the
interests of clarity, only a single interferometry system 16 is illustrated in Figures
2 and 3, although it will be appreciated that one such system can be provided for

each detector 9.



the alignment mark 10 by | ooking for a change froma | ow | evel of

reflection to a high level of reflection, and back to a | ow | evel. Sensor
14 provides an output signal to control system3 (i.e., the control system
being arranged to determne the position of the detected alignnment mark 10
with respect to trolley frame 4) and any deviation of that position from

t he expected position. [0070] It is toJHg'appreciated t hat other detector
arrangenents can be used, including those which share conponents, e.g.,

t he radi @073in sourmenothet wemiple,dohecltsgstsmS. ref @0Eosiibh infoehatamrteen agai n to
Figure 3, in this exanple each alignment mark detector 9 is nounted on a

li near drive SRSEHYNPBWS15, which conprises a linear notor. Drive mechani sm
15 is able to drive detector 9 across gantry 6 in the y direction, across
sonme range of novenent. Typically, this allows each detector 9 to nove

hal f way acr d@&enilaySpasteatéiet ween each of the detectors 9, such that in
conbi nation detectors 9 give full coverage across substrate 2 in the y
direction. [0072] Each drive nmechanism 15 is coupled to control system 3

hat t he . LEI o] i trol t
et coniale, 0¢85 SLAPA A8 LA o WL ELTIRTR, Gepilss) Svstem

i nterferonet ryitls yst@Bpak6l lalyBier ibmL foyvarfins e dikfer@O P HeSHSsenf O each
alignment mark detector 9, a mrror fixed to detector 9, and a |laser and -
sensor ar r andeYfaHenf pRlasdrates 1f lgmhavathecame pural dgnewions, imbaretdssigneche out put s

f th [ - . 9 . ' det..
"nterer once 7 Frgaodnn el HeE LR Bipud Freln e B PLET BidRes ST e

interests of detigidd o, aeBhincaki @} aidld €9 beeQim I, B1RE emsktd 58 bt | ustrated
in Figures 2 and 3, although it wll be appreciated that one such system
can be provi diégire gris desagiiedde reeampnodate ning panelp 80 p8pquah sgaotiEnmeranypl e,

control syst cel Vves sition infor.omtion from operator.inputs.
orpl ary” Subl Pl EEFAEBART BietPad s SHERE Py PP eBP R e TRy
substrates 1l4camstyhdith WAEASGbitHRdsyl,7, 18 can be aligned during exposure.

Exemplary Operation

[0075] With reference to Figures 2, 3, and 5, in preparation for exposure substrate
17 is loaded onto substrate table 1. This process can usually be done with an
accuracy of a few millimeters. In one example, an operator programs into control
system 3 characteristics of substrate 17, e.g., a number of rows of alignment
marks 10 and the positions of the rows (in the y direction). In another example,
the operator enters a substrate type code, where the alignment mark data for each
substrate type having been pre-programmed into control system 3. In either
example, this operation causes an appropriate number of alignment mark
detectors 9 to be activated, in this case three, and moved by means of the
respective linear drive mechanisms 15 to appropriate positions above the rows of
alignment marks 10. In one example, fields-of-view of detectors 9 are sufficient
to accommodate positioning errors of substrate 17 on substrate table 1 to within a
few millimeters or so. Alternatively, some scanning procedure could be carried

out to center each detector 9 above the corresponding alignment mark row.



wi th various panel |ayouts, according to various enbodi nents of the present
i nvention. Substrates 17,18 have the sane overall dinensions, but are
designed to accommodate different flat panel display sizes. Substrate 17
of Figure 5 is designed to accommodate four panels 19 of equal size, while
substrate 18 of Figure 6 is designed to acconmodate ni ne panels 20 of
equal size. Alignment nmarks 10 on eachl®panel are arranged to suit the
panel layouts and to maxim ze the accuracy with which substrates 17, 18
can be alG0gapd durinthisexpmpis; durikxeesitiaing pleteatoro®, thOO poditiMistdanibef er ence
to Figures 2, 3, and 5, in preparation for exposure substrate 17 is | oaded
onto subst r at &HRERE rgcorgef] dshieo s ILGFFIORREtAY 1SySB® denewial pogitionaccur acy

of a fewmllj S e I n o) i Qnt r ol
oystem 3 char mpbrigy it ROPRARIREm 37 ARRGAV Lo PN 3 Bl 6
al i gnment  nmamsmbBo@mpdot he spasiiid anshiffsubfitute aivde (iin thbgydigdatieattbon). I n
anot her exanple, the operator _enters a substrate tyfpe code, where the

al i gnment mar $OTEFat 2y the REejectiquyystens avithibe subsirisg Ihedieldsr & gr¥ i amed
into control I ] L S:0ne i S;Aan
appropriate nﬁér{‘r%tg?@o%garael glgfﬁ%l%ﬂfliorrgré%géé@gec%ﬁc})% ghgﬂ t %}ﬁge&g%ﬁ)?{\}lgtt% e1 , in this

case three, anthosmeetbnRynieanss,afithidnbstratesitatid segnret D8ddr t@dlleyam®shani sns
15 to appropriate positions above the rows of alignnment nmarks 10. In one
exanpl e, fi eli@dbox-difp@ignofAsieachdeseior 8 dgieets Sisfiasedage of an bgree masklat e

pl e, Fgiarof ! abmsat e
mtimters o 86 inEMRHOPLTHd AR RkA3 ARl b b L car e

out to centersysae dat eatbe r&ealRa\ugighfentaRik gopvidi dath &) égrrantlipRr K 1 ow.
--18-- [0076] In this exanple, duri n97 positioning of detectors 9, their
posi tions carPrpiEctiasyptame(/\and sestrgted 7 byiadigstinsibe pioecsionsyoemes eptigyst em 16.

Fi nal positiaon.. I 1 i.s fed to contral system 3. . .Typicall control
system 3 usesaraﬂpﬁlh}s?é %}:err:?l(%%trgrg %ltieﬁn ﬁp %?d X hgcaelirr? i&r?;m?lgl S%ll?/ tc[g)g%%fsl%gr{%t e table

1 in the y did@&editHndfiBting @id estiiiteahblgpobifion P6OBCEIAPInGYNST 6Mthedé t h the
substrate. The fields-of-view of detectors 9 are sufficient to accommodate
this slight sHiwstngfs.substrate 17.

[0077] With reference again to Figures 2, 3, and 6, the data input by the operator
causes four of detectors 9 on gantry 6 to be activated and moved into position.
The use of four rows of alignment marks 10 on substrate 18 is facilitated by the
arrangement and number of panels 20, and generally increases the alignment
accuracy during the exposure procedure.

[0078] Figure 7 is a flow diagram illustrating a method 700 of operation,
according to one embodiment of the present invention. In step 702, a substrate
is positioned on a substrate table. In step 704, an appropriate number of align
mark detectors are selected and moved to in-use positions. In step 706, scanning

exposure is performed.



Exposure then comrences, with substrate 17 being scanned under trolley
frame 4 in the x-direction. As each detector 9 detects the passage of an
alignment mark 10, position information is fed to control system 3. As
. already described, control system3 acts on the received alignnment mark
position data to correctly align projg&tion systens 7 and substrate 17 by
adj usting the projection systens' optics, adjusting the digital pattern
applied to the array of individually controllable elenents, adjusting the
substrat e tabfeeheiei on, or any combination of these adjustments. [0077]
Wth reference again to Figures 2, 3, and 6, the data input by the operator
causes fjoar9jof detwtilersriSusamigaithés 6f thopleeend dvieradelthvabeenday&ibeii nt 0
position. The use of four rows of alignment marks 10 on substrate 18 is

facilitated HPOVhd Sh&P}dd?’f‘gléﬁéﬁtooéﬁhPtﬁhﬁYﬁ@Ve Beengaersnisddy waywd cxemde al | y
he. a
I ncreases the, 'aﬂﬁgs{‘l‘imltét?&flrIﬁg@ﬁ é{’% 39@5& & ﬁ%@?;@g@%g%ﬂéﬁt ok 0078]

Figure 7 is a Iagram i operati on,

accordi ng to thmevaeishodhdgss imforfmhadplesiednh benvanrt therdin Wih&iteRpAfidg a
substrate is positioned on a substrate table. In step 704, an agpropriate

number of aIﬂ@ﬁntM%ﬂan@FE%PB¢§fﬁﬁén§%m@@tgbu&ﬁhehﬁvéﬁlmdspﬁxuﬁé posi tions.
In step 706, é)%gs%gﬂhg%tlo?%g&?ﬁr ﬁt beslm%)‘?f':’(fc Oyr arfrl?{%ft e. a%ov descrl ed‘l esxleg‘;g) 0079]

Whi | e variou presen venti'on' have' Been i bed
above, it sheuddheertsdar %Qﬁibetdéﬁhed SgyinhevedhrenvifresenbethgRlimay of
exanple only, and not linmtation. It will be apparent to persons skilled
in the rel evant thait equitenissari ous changes in formand detail can be nade
therein without departing fromthe spirit and scope of the invention..
Thus, the breadth and scope of the present invention should not be limted
by any of the above-described exenplary enbodi nents, but should be defined
only in accordance with the following clains and their equivalents. --20--



WHAT IS CLAIMED IS : 1. A lithographic apparatus, conprising: an

illum nation systemthat produces a beamof radiation; a pattern
generating device that patterns the beam a substrate table that supports a
substrate having alignnment nmarks provided on a surface thereof; a frane
noveabl e relative to the substrate; one or nore projection systens coupl ed
to the frame, wherein the one or noreZ3%ojection systens are capabl e of
projecting the patterned beamonto a target portion of the substrate; one
or nore aligniBMT iRk Adbieifirs coupled to the frane and noveable with
respect to the frane; and a position sensor associated with each of the one
or nore alignment; mar KAdREQEEMS appHRRiSLOmbASInPOSi ti on sensor determ nes
the position of the one or nore alignment nark detectors relative to at

| east one of the franme andluntiteioorsgston thaipeoduce 2btdnonf syistiem 2. The
apparatus of claim1l1, wherein: i.s noveabl e relative to the

the frane
substrate along a firstaB%F§ngﬁwnﬁﬂﬁﬁgﬁﬁégﬁ%gyﬁﬁPﬁ%?ﬂ@mﬁaralIeI to a plane
of the substrate; and thgoRge tibldMAGuAdBNEPLABEL i eIBShRESmAke Movabl e
relative to the frane along a second axis substantially "perpendicular to
the first aximodded omaaurfjpleghecparal lel to the plane of the substrate. 3.

The appar at us of cIaimZfr mhereigﬂth? one oqr n%re alignment mark detectors
have a range of movenerft T80 MYVEANE ISP RIBr age of substantially a

whol e di mensi on of the SBSHIAL frolRblg st REhbRE e blfSEHA maxi s.

--21-- 4. The apparatus of clal wherein the one or nore alignnment mark
det ect or s compeis®ore projection systems are capable of projecting the patterned beam onto

a target portion of the substrate;

one or more alignment mark detectors coupled to the frame and
moveable with respect to the frame; and

a position sensor associated with each of the one or more
alignment mark detectors, wherein the position sensor determines the position of
the one or more alignment mark detectors relative to at least one of the frame and

the one or more projection system.

2. The apparatus of claim 1, wherein:
the frame is moveable relative to the substrate along a first axis in
a plane substantially parallel to a plane of the substrate; and
the one or more alignment mark detectors are movable relative to
the frame along a second axis substantially perpendicular to the first axisand ina

plane parallel to the plane of the substrate.

3. The apparatus of claim 2, wherein the one or more alignment mark
detectors have a range of movement sufficient to provide coverage of
substantially a whole dimension of the substrate in the direction of the second

axis.



an illumnation systemthat supplies an alignnent beamof radiation; a
projection systemthat projects the alignment beamonto an alignnent
target portion of the substrate; and a sensor that detects radiation
reflected fromthe substrate. 5. The apparatus of claim1l, wherein each of
the position sensors conprise: a laser_interferometer. 6. The apparatus of
claimb5, wherein the |aser interferoneter conprises: a reflector or mrror
surface fixed relative to the associated alignnent mark detector; and a

| aser and a radi at #on déheepmraths afethimdl, wherem th@ondve nforaatenmeént ridnk
apparatus of 1, wherein each of the position sensors conprise: a l|inear
grating syst efiC8OISFRBPESPar at us of 1, further conprising a |inear notor
associ ated wi th each of .{ hguQNRHGH JBER flak UL aﬂﬁaﬁignﬂ@ﬁteséa% St hat
provi des |inear novenent of a respegtlve one the aFignnent mark
detectors relmatliaienfo the frane. 9. The apparatus of 1, further conprising:
a controller that controls position of the one or pore alignnment mark

detectors based on at | 2&SYUCHIRR BFghERAPEICHHIR aligimernt b&UBANC ARom
respective onggn@fent BERPSHIWYT 1RERDQ fe; and22-- 10. The apparatus of 1,
further conprising: an alignnment contro?ler that receives an output from
the one or nore alignnesdnsomthit dedeeciadiatomndlected e e suberatecei ved
signals, adjusts at least one of (i) the position of the substrate
relative to the franme, (ii) a scanning speed of the substrate, and (iii)

the patterned beam genefgl %apéfuseglsaai% l,tQﬁelgﬂleea%B o@ﬁeeposition SEnsors

comprise:
a laser interferometer.
6. The apparatus of claim 5, wherein the laser interferometer
comprises:

a reflector or mirror surface fixed relative to the associated
alignment mark detector; and

a laser and a radiation detector fixed relative to the frame.

7. The apparatus of 1, wherein each of the position sensors comprise:

a linear grating system.

8. The apparatus of 1, further comprising
a linear motor associated with each of the one or more alignment
mark detectors that provides linear movement of a respective one of the

alignment mark detectors relative to the frame.

9. The apparatus of 1, further comprising:
a controller that controls position of the one or more alignment
mark detectors based on at least one of operator inputs and feedback from

respective ones of the position sensors.



projection systens. 11. The apparatus of 1, wherein at |east five of the
one or nore alignnment mark detectors and respective position sensors are
used. 12. A nethod, conprising: determ ning approxi nate positions of
alignnment marks provided on a surface of a substrate; and noving one or
nore alignment mark detectors relative to at least one of (i) a franme that
is noveable relative to the substrate‘a%ﬁ‘(ii) one or nobre projection
systens, the one or nore alignnent mark detectors being noved to positions
at which the alignitent hekspaans b€l,dettiestcothprididg: The net hod of claim 12,

wherein the step of noving.one or nor al i gnment mark detectors conpri ses:
noni tori ng an out put ofa%%ggﬁFmﬁﬁP@“3§¥é@?d?mﬁﬁ§PPFHH“%@W@b#?‘F@‘”provide

det ect or posi ik fRERARGk I8 RNMPOL.IRER (RASIAIAY SRS DE|AG 11 xed

to at | east one of the frane an i gnnent mark rs. The
met hod of cl aoma dfZj) thdyeosition dfhikee sibefpate felabneito thedfeene (ii adcanniaf sggedent mar k

detectors co | ses: applying drive signals to a |inear drive nechani sm
associ at ed win?l{{ile \%%éﬁatﬁfan@rﬁégé‘??é’a%mﬁég%a%g?@%@y‘?@ﬁ}fi RIBEPBEPIGRYE 15. The

net hod of cl '&q&ﬁbn %%§ n each of the one or nore linear drive
mechani sns utilize alinear notor.

1. The apparatus of 1, wherein at least five of the one or more

alignment mark detectors and respective position sensors are used.

12. A method, comprising:
determining approximate positions of alignment marks provided
on a surface of a substrate; and
moving one or more alignment mark detectors relative to at least
one of (i) a frame that is moveable relative to the substrate and (ii) one or more
projection systems, the one or more alignment mark detectors being moved to

positions at which the alignment marks can be detected.

13. The method of claim 12, wherein the step of moving one or more
alignment mark detectors comprises:

monitoring an output of one or more detector position sensors to

provide detector position feedback, the one or more position sensors being fixed

to at least one of the frame and the alignment mark detectors.

14. The method of claim 12, wherein the step of moving one or more
alignment mark detectors comprises:
applying drive signals to a linear drive mechanism associated with

each of the one or more alignment mark detectors.

15. The method of claim 14, wherein each of the one or more linear

drive mechanisms utilize a linear motor.



