-1- CORRECTI ON OF OFF- AXI' S TRANSLATI ON OF OPTI CAL ELEMENTS I N AN OPTI CAL
ZOOM ASSEMBLY BACKGROUND OF THE | NVENTION Field of the Invention [0001] The
present invention relates to alignnment -bf optical elenents, particularly in
an optical lithography system Background Art [0002] A lithographic
apparatus is a machine that gggl ies a desired gattern onto a substrate or

part of a subst (GOERBCIINSWEFE-AFISIERANSRATHONLE OPAYCAdxampl e, in

the manufacture of fERENMENTSINANGPTIOASIZGON AISSEMBLY! Cs) and ot her
devices involving fine structures. In a conventional apparatus, a

patterning device, which can be referred to as a mask or a reticle, can be
used to generate a circuit pattern corresponding to an individual |ayer of

a flat panel display (or oBAeKGROUSE) OF THE INYENGTONCcan be transferred
onto all or part of the substrate (e.g., a glass plate), by inmaging onto a

| ayer of radiatj itive material (e.g., resist) provided on the
substrate. [oobﬁy?ﬁ&ﬁi%&%fma circuit pattern, the patterning device can be

used to enerate ot her patterns, for exanE}Ite a color filter pattern or a
matri x of | ndhie apresnt ainygation relates o @lhﬂlilfﬁaﬂtd@@l eRiah EletBeRis:i se a

patterning ar rng{:ﬁ‘l@ﬂy n{:&p@@ﬁgﬁ%ﬁgrggﬁ@ﬁg i ndi vidually controll abl e

el enents. The pattern” can re quickly and for less cost in such
a system conpared to a nask- based system [0004] A flat panel display
substrate is tBpclgblind Avct angul ar i n shape. Lithographi c apparatus
designed to expose a substrate of this type can provide an exposure region
t hat covef@doa) ful | w ﬁﬂhgmbhtch@pamgisgmmchmahhwmﬁs (ardesae&@aﬁem portion

of the width (for 13:,5 le half o tﬁ&b The Substrate %g scanned
under neat h the%@?p?o% ale i RgH, © F‘F trf‘tﬁeA REtgpPhif @ppuplysican beyrsehr onousl y

scanned t hrough, 258318 id e i rabaite of NS p{%ﬂt’ﬂttﬁ%ﬁ'?}‘ss llﬁé BRARlEE (u%@t Loe

substrate. |If the exposure region covers of t he rate
and other devices involving fine structures. In a conventmnal apparatus, a

patterning device, which can be referred to as a mask or a reticle, can be used
to generate a circuit pattern corresponding to an individual layer of a flat panel
display (or other device). This pattern can be transferred onto all or part of the
substrate (e.g., a glass plate), by imaging onto a layer of radiation-sensitive
material (e.g., resist) provided on the substrate.

[0003] Instead of a circuit pattern, the patterning device can be used to
generate other patterns, for example a color filter pattern or a matrix of dots.
Instead of a mask, the patterning device can comprise a patterning array that
comprises an array of individually controllable elements. The pattern can be
changed more quickly and for less cost in such a system compared to a mask-
based system.

[0004] A flat panel display substrate is typically rectangular in shape.
Lithographic apparatus designed to expose a substrate of this type can provide
an exposure region that covers a full width of the rectangular substrate, or
covers a portion of the width (for example half of the width). The substrate
can be scanned underneath the exposure region, while the mask or reticle is
synchronously scanned through a beam. In this way, the pattern is transferred
to the substrate. If the exposure region covers the full width of the substrate
then exposure can be completed with a single scan. If the exposure region

covers, for example, half of the width of the substrate, then the substrate can



t hen exposure can be conpleted with a single scan. If the exposure region
covers, for exanple, half of the wdth of the substrate, then the substrate
can -2- be noved transversely after the first scan, and a further scan is
typically perforned to expose the remai nder of the substrate. [0005] Zoom
assenbl i es having novabl e optical elenents are often used in these

| it hography systens. In the typical zoom assenbly, two or nore | enses are
driven by notors and/or actuators on a sgrew drive or other arrangenent.
The | enses are attached to the notor drive on a |l ens nmount assenbly. The

| enses are transl ated along the opti cal axis such that the di stance between
the |Ienses CaﬂeQﬁ‘ﬂ%nﬁ T%Qqq£gfﬂ dqpﬁhﬁ%g ?89n39q9&1 teristics
of the [lithography pla ornl Ion sup S cont' huous zoom

functionality. pMommbm@pthﬁﬁmMHm&seﬁmwtef or a rrask based
l'i thogr aph i;St em i s descri bed in, U 900, 946, which is hereby
i ncor por af y ref épamcissembligsshaving F’@Wble P@U%]equﬁefkthérecﬁﬂ?rbﬁ%e sk - based

systens, when e t ;g he lens
positions are %@g%gpggga?ﬁgfsgﬁgmg hgrggwttyglg@ Zé)%?‘;é‘&g‘?ﬂbg t\i«%‘? ﬁlﬁég cehanges t he
position of eaale dréra byehatdry end/or maziwr@toh&f scrdva dries or etﬁeraﬁangaﬂlm gn, the

| ens slide or s r Wdrlve ar rowdes a fixed or ref erence
for the off - axill "éﬁgs ﬁ’i‘?s‘?‘tchg‘?fpg‘}ﬁi‘il WGLOF [dEINE 108t 3 fps Mt aé?efm Xl grhﬁosi tion

(e.g., X Y, R&)ns@sfar& %“!‘IFQPY&%%Z‘& gﬂéal%kﬁrg%eﬂ §l1a't SheS WG bét%eg?hfénges due

to inperfections In trave I the lens slide or screw drive An
exanpl e of f - axilesls«pmntheanauipldn*@é aremding tothetdesired zovan ¥haaasridtiss of the
approxi mat el y to an_exa {le of f-axis sition range for

g Ff(()) %lh 1 1 S
Rz being appr ) ¥y Pl M) AlhiSs JRRIRAE! o oHPPEY PEOHS #RER. based

systems, thesefhRtighdidg! Y Ah N@landilé - Sptictl 208k QRSnMIE BRShl YAkSa4MAt ed for
in the error budget for the system wever, for optical nmaskl ess

| i t hogr aphy syéltlwtgmphv fﬁe‘stpmoljseiﬁmrmdoptljw Hailg Mok i6¢80i%10, whichais drepsbiynat el y
100 tinmes greater th E nf g}g system Thus, these ninor
transl ati ons of "“PHE™® 8(}1 Y B %'ie{lf Sne "&i 11 uni nator are intolerable for

this [0006] In the current mask-based systems, when the zoom setting needs to be
changed on the system, the lens positions are translated along the optical axis
(e.g., Z). This changes the position of each lens relative to each other. In
current zoom design, the lens slide or screw drive arrangement provides a
fixed or static reference for the off-axis lens position. During translation, the
off-axis position (e.g., X, Y, Rz) of the individual lens elements is subject to
changes due to imperfections in travel flatness of the lens slide or screw drive.
An example off-axis position change range for the X and Y axes is
approximately 3 to 50 microns, with an example off-axis position range for Rz
being approximately +/- 12 arc-seconds.

[0007] For current mask-based systems, these relatively minor off-axis
motions are easily accounted for in the error budget for the system. However,
for optical maskless lithography systems, the projection optic magnification 1s
approximately 100 times greater than for the mask-based system. Thus, these
minor translations of the lens position in the illuminator are intolerable for this
system. What is needed is a system for reducing the off-axis position motion

to a value that may be tolerated by an optical maskless lithography system.



system What is needed is a systemfor reducing the off-axis position notion
to a value that may be tolerated by an optical naskless |ithography system
-3- BRI EF SUMVARY OF THE | NVENTI ON [ 0008] A nechanically stabilized |aser
beam nmay be used to provide a virtual reference axis of travel for the
in-axis direction of notion of lenses in a zoom assenbly to be positioned
during a zoom operation. The virtual reference axis 1is projected along the
optical axis, parallel to existing nmechagical lens slides. The virtual
reference axi s passes through an aperture on each of the lens assenblies,
and is sanpled by a set of optics and detectors on each of the |ens

assenblies. [0009] The Optﬁﬁﬁﬁﬁﬁmﬂh%%%%@ﬁm@w&%ﬂ such that any
a

change in the position of ens cell wthin a lens assenbly relative to
the virtual reference axis is sensed and corrected using a feedback signal
to a posi {#098] ng notdmech@iieally statalizzdriasey beany alayrhefused rrproaidesa vigualsed f or

each lens in the zoom .assenbl ach l.ens can i ndependent.ly corrected
For ot o o poSrERGRr RSy GRRoxE BRefRh It GERE= g B8P oot
0ptiC§| fe'atiQQ§BEBMBQkMﬁﬁﬁka&dh@m§az&hﬁ@?&hﬁmiSTHHﬁ@ﬂMW@an&@Q%@] Furt her
enbodi nents, features, and advantages of the present invention, as well as

the structure anproisstedaalonenthefoptind axis: perabeldptsaiiting mechaticaltlpes gidssent

i nvention, are-descrihed.i et.all._bel ow wi.th ref nce tot cconpanyi ng
dr i ns. R ER DRG BT B e SRR P R BE i PR ane B0 pany ng
drawi ngs, whi classafm®litd)and podaaiptel beh ettrofaptcd Afddetect@aivh eath bhee lens

specification, illustrate the present invention and, together with the
descri ption, f asseHbeserve to explain the principles of the invention and to

[688?'216 2, Redosp" ski ;r‘hlgldciﬁn@ taﬁﬁecfél‘?ﬁc%{&‘%?é Sﬁ-ifaﬁgeho%dm affly %ﬁgn%hﬁ‘n h{é"e”“ on.

and ustra ogr aphi ¢ apparatus, -according to various

enbodi ment s of pbéigopoesdais defiveihinanlend BG3@blyHeGLivE to theusirtuak egerandtode of
transferring a pattern to a substrate i .

axis is sensed and corrected using a feedback signal to a positioning motor.

Since the same virtual reference axis is used for each lens in the zoom

assembly, each lens can be independently corrected for off-axis position errors

to very high precision. Thus, the correct optical relationship between the lens

elements is preserved.

[0010] Further embodiments, features, and advantages of the present
invention, as well as the structure and operation of the various embodiments of

the present invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0011] 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.

[0012] FIGS. 1 and 2 illustrate lithographic apparatus, according to various
embodiments of the present invention.

[0013] FIG. 3 illustrates a mode of transferring a pattern to a substrate

according to one embodiment of the invention as shown in Figure 2.



according to one enbodi nrent of the invention as shown in Figure 2. -4-

[00141 FIG 4 illustrates an arrangenent of optical engines, according to
one enbodi nent of the present invention. [00151 FIG 5 illustrates an
exanpl e optical zoom assenbly. [00161 FIG 6 illustrates an exanpl e opti cal

zoom assenbly having a virtual reference axis beam [00171 FIG 7
illustrates an exanple |lens and nount assenbly for use in the exanple
optical zoom assenbly of FIG 6. 10018] Bl G 8 illustrates an exanple
detection systemaccording to an enbodi nent of the present invention.
[0019] FIG 9 illustrates an exanple detector for use with the detection

t f 8. 0} : i , f. th
?e/tS eg{n o? &@lg’ G 9[%?‘3051@&%&815%5}'1&%#%% rg)? ggﬂgaﬁé?l E@%g’eagg%ﬁg tge%nrgc? or for
use with the deméodiiment ofSyis peefintanGGon8. [ 0022] FIG 12 illustrates yet

anot her exanmple detector for use with the, detection gfstem of FIG 8.
100231 Th&dlpbsent FRGehiliusiatgs pp example BV EPMRERMPSF-er ence to the

acconpanyi rawi Ngge. J=1) i i fi S is
typically [llﬂﬁgfcat ed E? gﬁguﬁéﬁgﬁ@gﬁ’ga&p\é\%‘?‘gﬁ?ﬁ% %g;%(@%)rl}f géﬁ%ﬁ%ﬁﬁgﬁ@ef erence
nunber. DETAI LEDelDREICRIFHda@N OF THE | NVENTION 1. Introduction [0024] Wile

specific i gurations,_anpd arrangenents are discussed, jt. should be
hder st ool ke 't hi B0 7 B ST s oed Bripbesenali r U Bufeon

skilled in the.pghllBpflal 2hdmWhdembl£6OBIGZE that other configurations and
arrangenments can be used wi thout departing fromthe spirit and scope of the
present i tRE8ti on. FIGwW§ lillpsratgspan esvample alejgeticorsysteim laeehbrilimgt he aper t i nent

art that this invention.can also be .enployed in a variety of other
appl i cati ons. em oc%menpoft%e present invention.

[0019] FIG. 9 illustrates an example detector for use with the detection
system of FIG. 8.

[0020] FIG. 10 illustrates an example output of the detector of FIG. 9.

[0021] FIG. 11 illustrates another example detector for use with the detection

system of FIG. 8.

[0022] FIG. 12 illustrates yet another example detector for use with the
detection system of FIG. 8.

[0023] The present invention will be described with reference to the
accompanying drawings. The drawing in which an element first appears is

typically indicated by the leftmost digit(s) in the corresponding reference

number.
DETAILED DESCRIPTION OF THE INVENTION
L. Introduction
[0024] While specific configurations and arrangements are discussed, it

should be understood that this is done for illustrative purposes only. A person
skilled in the pertinent art will recognize that other configurations and
arrangements can be used without departing from the spirit and scope of the
present invention. It will be apparent to a person skilled in the pertinent art

that this invention can also be employed in a variety of other applications.



-5- [0025] It is noted that references in the specification to one

enbodi nent", "an enbodi nent"”, "an exanpl e enbodi nent", etc., indicate that

t he enmbodi nent described may include a particular feature, structure, or
characteristic, but every enbodi ment may not necessarily include the
particul ar feature, structure, or characteristic. Mreover, such phrases
are not necessarily referring to the sanme enbodi nent. Further, when a
particular feature, structure, or charagteristic is described in connection
with an enbodinent, it would be within the know edge of one skilled in the
art to effect such feature, structure, or characteristic in connection with

ot her nts i kb Rogr.aphy
System Olgﬂnggw [0\(13\/[2}2% H%E%g{airéggtﬁgﬁega? J|1 '(t:l% Fé&ggﬁlﬁﬁlttg ?l%er{l 1(k).lgltrltapglhc

appar at us of ommbodnigodi fenexapiple kenbodinemt'l, e, ﬁidma‘appatrﬁmmnlmdnpcmses an
illumnation s steg_é]IL, a F%tternln defvi ce EE a substrate t bIe W, and a
broj ection syshewipas mipnhefide arPRitHish TEYUEe Hrps hicy #F rrhpBEfcrific; But
configured to e@Rdi EhBRdiichAdha | @R BRI (ﬁclﬁde Y béﬁicﬁiak Ofehturd,0027] The
patterning device PD (e.g., a reticle or mask or an array of individually

control |l abl e ebewturesor nodedcsarisget hddseaer, Blmhgeheﬁal are met ngoessatilyn of the
array of indivi uallycnrollabl nent e fixed. relatjve to the
proj ection sysf Ol-igli’ﬁe\?@?le g%cﬁwe?tn %ﬁebe BS%rPecH“g[&u[ %aj[uﬁ%si tioner
configured to @t@&dﬂlﬁt@t &l MhaRQSdristioNs HBRriBED &Y céthet i WitHual dybodsasitr @l | abl e

el enents in accordance with certain parameters. [0028] The substrate table

WI i s constructeyldles withisohe kaowlgBae phene skdled.in the art gxplfect sueht Bdlusubst r at e)
Wand connected, 19 a 895%&% ?&?SEIC g\{c%%ech% v\ﬁﬁ] &Ber[ %ﬁg&g{ %?ﬁ Swhsd tdon the

r.
substrate in accor cfahc n parane Proj EC({ 1 on

system (e.g., aotresa;fphal@lylde@rnfem ectl on lens system PSis confl gured to
project the beam of radiation nodul ated by the array of individually
controll able elenents onto a target portion C (e.g., conprising one or nore

dies) of the sybstr Ehﬁoé%phy System Overview

[0026] FIG. 1 schematically depicts the lithographic apparatus of one
embodiment of the invention. The apparatus comprises an illumination system
IL, a patterning device PD, a substrate table WT, and a projection system PS.
The illumination system (illuminator) IL is configured to condition a radiation
beam B (e.g., UV radiation).

[0027] The patterning device PD (e.g., a reticle or mask or an array of
individually controllable elements) modulates the beam. In general, the
position of the array of individually controllable elements will be fixed
relative to the projection system PS. However, it can instead be connected to a
positioner configured to accurately position the array of individually
controllable elements in accordance with certain parameters.

[0028] The substrate table WT is constructed to support a substrate (e.g., a
resist-coated substrate) W and connected to a positioner PW configured to
accurately position the substrate in accordance with certain parameters.

[0029] The projection system (e.g., a refractive projection lens system) PS is
configured to project the beam of radiation modulated by the array of
individually controllable elements onto a target portion C (e.g., comprising

one or more dies) of the substrate W,



-6- [00301 The illumnation system can include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic,

el ectrostatic or other types of optical conmponents, or any conbination
thereof, for directing, shaping, or controlling radiation. [00311 The term
"patterning device" or "contrast device" used herein should be broadly
interpreted as referring to any device that can be used to nodulate the
cross-section of a radiation beam such-gs to create a pattern in a target
portion of the substrate. The devices can be either static patterning
devices (e.g., masks or reticles) or dynamc (e.g., arrays of progranmable

el erment s) yqoRaf t er ni g dBNEARSion" QB Yt ¥inclTRB \Bfiold 13y RS G BplicH Wi 111 e

a dynam c patterning device, however be appreciat ed
that a static pahpments, daxhcescasfratisg beflecsieed, wnagmetit, ddgardnaggetia,om t he

scope of the present . invention. [[0032]1 It should be noted that the pattern
inparted to th%le‘l"téf&?aé‘tcioéﬁ%ﬁéébfﬁeﬁ&ko? CERBENTS, RLAPTHBRTY Fféogesi red

pattern in thegda5868inP Mk oPEodiRBi bstisate, for exanple if the pattern
i ncl udes phase-shir?t inr%’:]p f a%?eso or énog%calll ed assist features. Simlarly,

t he patt ef®3¢l)ent ualhy tagenérattmohmdevided orsebstrasatleviestyusedthecon sheydnd t o t he
pattern fornmed, at any .one instant.on the rray.of individuall ontroll abl e
elements. Thi sPoaieadl ipiiipreled o5 fefedine g Ay dguine ot oo Rk o PHEOWER L
pattern formedy@nr8AGRCHRHM bf @fradilGorS B, FALR as tS cRUtd b pdRerdVila fargdtven
period of tinme or a given nunber of exposures during which the pattern on

the array of i pettiohdilah¢ pubsimte: dibealsivises cambateithemstatie petierningedexidese
position of th{e substkrate ggl% ges 00331 Genera%goﬁf t he ttfrn ?reat ed on
the target por (G %n 8% Hereltisd: Pt Wiy (€8¢ grP¥s 88{8181159035? SRrAr
functional | aygdierfin® dee¢eC CFRSHBENLS MR 6 tHelicktieptidnaklebe AClHNOBf asuch as
an integrated circuit or a flat panel display (e.g., a color filter |ayer

in a flat paneflytimippayerpingaleyiseniawaver itiniostesanpreciagbthat # statie paiterpanel
0 5P 20 EXTRLAS, ol SHETOPRLECIUDR SREP O MR, BB,
invention.
[0032] It should be noted that the pattern imparted to the radiation beam may
not exactly correspond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shifting features or so
called assist features. Similarly, the pattern eventually generated on the
substrate may not correspond to the pattern formed at any one instant on the
array of individually controllable elements. This can be the case in an
arrangement in which the eventual pattern formed on each part of the substrate
is built up over a given period of time or a given number of exposures during
which the pattern on the array of individually controllable elements and/or the
relative position of the substrate changes.
[0033] Generally, the pattern created on the target portion of the substrate will
correspond to a particular functional layer in a device being created in the
target portion, such as an integrated circuit or a flat panel display (e.g., a color
filter layer in a flat panel display or a thin film transistor layer in a flat panel
display). Examples of such patterning devices include, e.g., reticles,
programmable mirror arrays, laser diode arrays, light emitting diode arrays,

grating light valves, and LCD arrays.



grating light valves, and LCD arrays. -7- 100341 Patterning devices whose
pattern is programmable with the aid of electronic neans (e.g., a conputer),
such as patterning devices conprising a plurality of programmble el enents
(e.g., all the devices nentioned in the previous sentence except for the
reticle), are collectively referred to herein as "contrast devices." In one
exanpl e, the patterning device conprises at |east 10 programmabl e el enents,
e.g., at least 100, at |east 1,000, at |-2ast 10,000, at |east 100,000, at

| east 1,000,000, or at |east 10,000,000 progranmable elenents. [00351 A
programmabl e mrror array can conprise a matri x-addressable surface having

a viscoel yc contp i@ fleetd we le I asi g rinciple
behi nd sugﬁ’gaﬁ appar%tel?lél ;ggdegﬁd%g,@éc-fsg-%a a%fd}/seg?eéngr%?lggg ‘gfﬁh?he affc} eofql ective

surface refl ectle¢trmiiciersany {eght a asmgiufef); aatheas patghting Whecesasompradog essed
areas reflect incident. |ight as.undiffracted |ight. .Using an gppropriate
Sbatial CEiTt ePRAIRE O mp bl e Y, ik U her Sy enfonstPRHBE e ect ed
beam | eavi ng pRRoks khiRerbeldhbastiedinkireitic)l Qref @ACHivenercTetB&t foMefeinlad thi s

manner, the beam becomes patterned according to the addressing pattern of
the matrix- addoatsgblesicsur f brene 00883, the peitdrhingalesjspreovipaisedat lsagt, as an

alternative, t filter can,filter out,t dififract l.i.gh vi.ng the
undi ffracted | P Bngf%nm%lg\lgﬁle eéﬁssﬁlggtaﬁg gﬁOf)oﬁtslﬂ&iﬁ)%g’r?te{%sglw’?lﬁ@faﬁacti ve
optical MEMS dRyitC@60,000,CE01@keate0,000eciian takt SPFioemodepicpeimans al so be
used in a corresponding manner. In one exanple, a diffractive optical MM
devi ce is conptle®edtsof a plurality of reflective ribbons that can be

deformed GRS e L8, SR ARTHI: ohfol S A SLALING, L Bt LT gl el don

progranmabl e niurfaee havihay dsgokaytse cantivhlayexaml 4 ssfpetivniurce! iThy bagioor s, each
of which can be individually tilted about an axis bg applying a suitable
| ocal i zed el ecPip@plei kghind shchh ane apnasinngs thate £obi adinepsed apieaatof e means.

Once again, tNhggaEdOh sl Feﬂ'g@ttiﬁi:i)ﬂélﬁq%?%&%a%ted light, whereas unaddressed

areas reflect incident light as undiffracted light. Using an appropriate spatial
filter, the undiffracted light can be filtered out of the reflected beam, leaving
only the diffracted light to reach the substrate. In this manner, the beam
becomes patterned according to the addressing pattern of the matrix-
addressable surface.

[0036] [t will be appreciated that, as an alternative, the filter can filter out the
diffracted light, leaving the undiffracted light to reach the substrate.

[0037] An array of diffractive optical MEMS devices (micro-electro-
mechanical system devices) can also be used in a corresponding manner. In
one example, a diffractive optical MEMS device is comprised of a plurality of
retlective ribbons that can be deformed relative to one another to form a
grating that reflects incident light as diffracted light.

[0038] A further alternative example of a programmable mirror array employs
a matrix arrangement of tiny mirrors, each of which 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 reflect an incoming radiation beam in a different
direction to unaddressed mirrors; in this manner, the reflected beam can be

patterned according to the addressing pattern of the matrix-addressable



such that addressed mnors reflect an incomng radiation beamin a different
direction to unaddressed mnors; in this manner, the reflected beam can be
patterned according to the addressing pattern of the nmatrix-addressabl e - 8-
mrrors. The required matrix addressing can be perforned using suitable

el ectroni c neans. [0039] Another exanple PDis a progranmable LCD array.

[ 0040] The lithographic apparatus can conprise one or nore contrast devices.
For exanple, it can have a plurality of -grrays of individually controllable
el enents, each controlled i ndependently of each other. In such an
arrangenent, some or all of the arrays of individually controllable elenments

can have at | cagkognersl BRITRR! LURLARK R B SEATAS! BRE L Alpien

illum nation system, n support str e arr
i ndi vi dual | y celnttraolid mbhﬁs el enents, and/or a conmon projection system (or

part of th oj ection syste 0041 In an e such as the enbodi nent
depi cted 1493 E{ Apﬁ@eréﬁ?ﬁgl?g as f\p ar’&’“@'&‘ﬁi&ﬁ?ﬁ%}fly circul ar shape,
optional | ypgapf h a n%&hmg&/ filc alfahétcfaﬁresﬂpﬁg@&l@éﬂﬂere%h raQfdebicSs.

the sUbSt

perimeter. In an exanple, strate has a pol ygonal ape, e.g., a
rect angul ar sthmeexa[Iﬁ;ﬂizlt cEmalmquee& phirality efharagbeft mdt\edltvdxls( 'aorEItmtiablantl ally

circul ar shape |ncI ude xa re the, su as a.di aneter of at
| east 25mm f of einﬁgttsarFééﬁ fém oijﬁg RERdeRY | asefia"75‘?f‘ﬁ‘? “at el fBonm at
| east 125mMM  afrdRRfend 30 or At of BRSArrald IMMhditfduhBASOntZARBIY cidfehgast
250mm or at |east” 300mm In one enbodinent, the substrate has a di aneter

of at nost 500ean have mbdeasnamenef aacommen liégmmﬁtloat systest (@0Qar ohmnnost
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sides, of the substrate has a length of at least 5cm e.g., at |east 25cm

at | east 50cm pat of Ggorojectivosystem). | east 150cm at | east 200cm or at | east

250cm [0041] In an example, such as the embodiment depicted in FIG. 1, the

substrate W has a substantially circular shape, optionally with a notch and/or a
flattened edge along part of its perimeter. In an example, the substrate has a
polygonal shape, e.g., a rectangular shape.

[0042] Examples where the substrate has a substantially circular shape include
examples where the substrate has a diameter of at least 25mm, for instance at
least 30mm, at least 75mm, at least 100mm, at least 125mm, at least 150mm,
at least 175mm, at least 200mm, at least 250mm, or at least 300mm. In one
embodiment, the substrate has a diameter of at most 500mm, at most 400mm,
at most 350mm, at most 300mm, at most 250mm, at most 200mm, at most
150mm, at most 100mm, or at most 75mm.

[0043] Examples where the substrate is polygonal, e.g., rectangular, include
examples where at least one side, ¢.g., at least 2 sides or at least 3 sides, of the
substrate has a length of at least Sem, e.g., at least 25¢m, at least 50cm, at least
100cm, at least 150cm, at least 200cm, or at least 250cm.

[0044] In one example, at least one side of the substrate has a length of at
most 1000cm, e.g., at most 750cm, at most 500cm, at most 350cm, at most
250cm, at most 15¢¢m, or at most 75¢m.

[0045] In one example, the substrate W is a wafer, for instance a

semiconductor wafer. In one example, the wafer material is selected from the



100441 In one exanple, at |east one side of the substrate has a | ength of at
nmost 1000cm e.g., at nost 750cm at nost 500cm at nost 350cm at nost
250cm at nost 150cm or at nost 75cm [0045] In one exanple, the substrate
Wis a wafer, for instance a sem conductor wafer. In one exanple, the wafer
material is selected fromthe -9- group consisting of Si, SiCGe, SiGC SiC
Ge, GaAs, InP, and InAs. The wafer may be: a Il1/V conpound sem conduct or
wafer, a silicon wafer, a ceram c substpate, a glass substrate, or a

pl astic substrate. The substrate nmay be transparent (for the naked human
eye), colored, or absent a color. [0046] The thickness of the substrate can

vary and, to an_extent. .can.depend, <. £.48. ¢: t ulstr at terdh al and/ or
the substrate HiCHBAS HRYTE Pﬁ%bn ! eeééﬁ%(?’e%@&e’[k%‘iﬁ(ﬁg%’sarﬂ{Irg%‘I é[lggt 50m
e.g., at |eastwhfR@rhapibe! aslv2@ipouall seheehtindBPMaf@! al B6dn 4Q&M aat | east
500m or at |east 600m The thickness of the substrate nay be at nost

5000m e.g., atcTADiR SubsTOMm a glashpdstratosgomplagiic substrate7 b substrato sy 1250m  at
nmost 1000m at { { 0] st 400gm or at
BT RRPC e B PR BT bR PR Aot

nost 300gm [O e rerer erelrn can be processed, before
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system i ncl udieagt 300gf; ackast @P0pRf htdedst 9@Qunt,atradieapt00am. Mblgndickaess

el ectromagnetic_and el ectrostatic optical systems, or any conbination
thereof, as appl & sultsgatomay e ak gustiPRI0WRG &t i S rMmpEi IWYOUER At 8PSt or ot her

factors such assid Gl 1 DITREREOMShEUL oot 1 IRntiaenRl oaguum Any
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wi th the nore genesta®l0fer andiget Sp@oh] amey4d@m, or f0X] 300ne. pr oj ecti on system
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exposure, in for example a track (a tool that typically applies a layer of resist
to a substrate and develops the exposed resist), a metrology tool, and/or an
inspection tool. In one example, a resist layer is provided on the substrate.

[0048] The term “projection system” used herein should be broadly
interpreted as encompassing any type of projection system, including
refractive, reflective, catadioptric, magnetic, electromagnetic and electrostatic
optical systems, or any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of an immersion
liquid or the use of a vacuum. Any use of the term “projection lens” herein can
be considered as synonymous with the more general term “projection system.”

[0049] The projection system can image the pattern on the array of
individually controllable elements, such that the pattern is coherently formed
on the substrate. Alternatively, the projection system can image secondary
sources for which the elements of the array of individually controllable
elements act as shutters. In this respect, the projection system can comprise an
array of focusing elements such as a micro lens array (known as an MLA) or a
Fresnel lens array, e.g., to form the secondary sources and to image spots onto
the substrate. In one example, the array of focusing elements (e.g., MLA)

comprises at least 10 focus elements, e.g., at least 100 focus elements, at least



on the substrate. Alternatively, the projection systemcan inmage secondary
sources for which the elenents of the array of individually controll able

el enents act as shutters. In this respect, the projection system can
conprise an array of focusing elenents such as a mcro |lens array (known as
an MLA) or a Fresnel lens array, e.g., to formthe secondary sources and to
i mge spots onto the substrate. In one exanple, the array of focusing

el ements (e.g., MLA) conprises at |eastl0l0 focus elenents, e.g., at |east
100 focus elenents, at |east -10- 1,000 focus elenents, at |east 10,000
focus elements, at |east 100,000 focus elenents, or at |east 1,000, 000

focus el ement sy gb R AAURRL S 1LAP 10WOD Hlcterhdl gl b GOk | abl e

elements in the patterning dévice Is equal to or dreater than the nunber of
f ocusi ng el eneelements, ¢rrve last BPOQO0F focuselagentel Enemt sxaniphe, dinenenbarplfe, one or

nore (e.g., 1,000.0r nore, th jority, or about each) .of the focusing

o ement i n ¢ o otcrglingle nEb Bk, B atoRthe SRERE 4°1 SAE L & at ed vi th
one or nore of glhRr itAsH hél Ui ber CONEdRkihabIBmEME BNt alrBy tdTefRuERY Of
individually controllable elenents, e.g., with 2 or nore of the

i ndi vi dual | y coaments| dbloge ekamplat end or mhxs (gier, aly0@X ori mdiev ithbumbjoyiticemt r ol | abl e
el enents, such_.as. 3 or re., 5.or nore, .10 or_nor 20 or, npre, 25 or nore,
35 or mor e, - or "a9t BrysF Biefor i R 8 The e Ao B psBRBS gt de i th
the use of oneg@icalPhssotiatddaliel She 6t mbRaFihd Mdividuatly (cBRErbIRbIE SlemBitsavay from
the substrate. Being able to nove the MLA to and away fromthe substrate

al lows, e.g., fothefagonofaufivisvaineoniallablgteltientng g owitheon meressefober ate.
100501 As her e Qiivcllglpa'll?/t 9o%t1#oﬂglﬁiec§emg‘nt?qg tg? a%%glo\elff)igﬁ v%{h%/é?lg'oﬁ nr?{()alllfi'%lrglefel ective

type (e.qg., errﬁloylngare crive array o ugl
el ements). Al tlemdads] sighs 3t fremarparatnsge CENob@oa, 28 dr meds2 561 aldrd,ype
(e.g., enployi gg a transmssion array of individually controllable
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el enents). 100 TRE- 10F PROG MR ¢ ImpRfasapiple. dimMbet st mavap - hatithg two
(dual stage) Oﬂ}e éﬁ?égoﬁy&sﬁgﬁtﬁt&a L)ea%-lea'sf;ilnﬁlgfﬁiré&%h% Bh&aéfaf%}'n {ggchi nes,

t he additional can be used I'n par or preparatory steps can be
carried out onsuiisgater Being atlahd asowhibeeMbde torandaveayofrber tHeablbegatar e bei ng
used for exposglrloewsa e.g., for focus adjustment without having to move the substrate.
[0050] As herein depicted in FIGS. 1 and 2, the apparatus is of a reflective
type (e.g., employing a reflective array of individually controllable elements).
Alternatively, the apparatus can be of a transmission type (e.g., employing a
transmission array of individually controllable elements).
[0051] The lithographic apparatus can be of a type having two (dual stage) or
more substrate tables. [n 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.
[0052] The lithographic apparatus can also be of a type wherein at least a
portion of the substrate can be covered by an “immersion liquid” having a
relatively high refractive index, e.g., water, so as to fill a space between the
projection system and the substrate. An immersion liquid can also be applied
to other spaces in the lithographic apparatus, for example, between the
patterning device and the projection system. Immersion techniques are well

known in the art for increasing the numerical aperture of projection systems.

The term “immersion” as used herein does not mean that a structure, such as a



100521 The |ithographi c apparatus can also be of a type wherein at |east a
portion of the substrate can be covered by an "imersion |iquid" having a
relatively high refractive index, e.g., water, so as to fill a space between
the projection systemand the substrate. An imersion liquid can al so be
applied to other spaces in the |ithographic apparatus, for exanple, between
the patterning device and the projection system | mrersion techniques are
well known in the art for increasing thd-nunmerical aperture of projection
systens. The term "inmersion” as used herein does not nean that a
structure, such as a -11- substrate, nust be subnerged in |iquid, but rather

only means thajugsirfil! fhukSbe Eﬂﬁﬁér%@d RELYGENbENGIRE GhBCHleafs B%pligidaed t he

substrate during exposure. [00531 Referring again to FIG 1, the illum nator
IL receives a ladticdbetoveech gwmrofecioon systeairak the substratecluriB@exposusmne exanpl e,

t he radiat,] sourc rovi des  radiati.on,havin wavel ength..of ,at | east 5
h L2 283y 20Ut CReffine f Lt 3 VSRR IF G esSndtnh b, T 50nm
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275 nm at least 300nm at |east 325nm at '|east 350nm or at | east 360nm
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200nm or at npednmd, 7RnNeast R0RACaLkad 73, nm! Meleiadodhin0RAt Mast 323y eliengt h
i ncludi ng 436nm 405nm 365nm 355nm _ 248nm 193 nm 157nm and/or 126 nm

I n one exanpl elcasthBOngdiogtat depst Pomudds oxe \gxg@aplen ghenradiatign quindsb 5im or

around 355nm . O j.af } LngGl S of
tvel engtho ¢ ERIBRE SHRTR s 86, AR SR AT RRSSIRES B A ARR DR0") 1cer
source coul d bgt hesd375ne, somose3c0ieh, dth®odti 3250gr, s hhestalidanatassnean be

separate entities, for exanple when the source is _an excinmer |aser. In such
cases, the souf¢dn.it st dgxam derest2§0pmy ff atyapst lgPnmh el ¢rereM P ¢
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exanpl e, suitabd8nndi t %L gl 5¥innr, carsl/ca@ntlionma e ameexpaiyder thel radiation
includes a wavelength of around 365nm or around 355nm. In one example,
the radiation includes a broad band of wavelengths, for example encompassing
365, 405, and 436nm. A 355nm laser source could be used. The source and
the lithographic apparatus can be separate entities, for example when the
source is an excimer laser. In such cases, the source is not considered to form
part of the lithographic apparatus and the radiation beam is passed from the
source SO to the illuminator IL with the aid of a beam delivery system BD
comprising, for example, suitable directing mirrors and/or a beam expander. In
other cases the source can be an integral part of the lithographic apparatus, for
example when the source is a mercury lamp. The source SO and the
illuminator 1L, together with the beam delivery system BD if required, can be
referred to as a radiation system.

[0054] The illuminator IL, can comprise an adjuster AD for adjusting the
angular intensity distribution of the radiation beam. Generally, at least the
outer and/or inner radial extent (commonly referred to as g-outer and c-inner,
respectively) of the intensity distribution in a pupil plane of the illuminator can
be adjusted. In addition, the illuminator IL can comprise various other

components, such as an integrator IN and a condenser CO. The illuminator can



ot her cases the source can be an integral part of the |ithographic
apparatus, for exanple when the source is a nercury |anp. The source SO and
the illumnator IL, together with the beam delivery systemBD if required,
can be referred to as a radiation system [00541 The illum nator IL, can
conprise an adjuster AD for adjusting the angular intensity distribution of
the radi ati on beam GCenerally, at least the outer and/or inner radial

extent (commonly referred to as a-outer-jand a-inner, respectively) of the
intensity distribution in a pupil plane of the illum nator can be adjusted.
In addition, the illumnator IL can conprise various other conponents, such

as an integratgr AM A0oRRANIEI PR be il Wb NBLAEY SRltorhRy ag Used to

condition the radration amto ave a desire unlform ensity

di stribution imtdrsBy disaftsutivadh it9Rros$Rection| Wherifitnainatdr, ILQbr a additonal onal
conponent associated with it, can also be arranged to divide the radiation
beaminto a pl ¢ABPINEN avsogigtedpwihgt t99at2lson he argpges infivide Bicrdigdionssoci at ed
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the beamis WaGolk, He e Hrcﬁh‘dwh@fracﬁérlﬁﬁ GeAl *i}g@%b%a&@d'lﬁt then. [0055]

The radi ation eam B'1'$ i ncident on e patterning device g., an
array of indi vpesaitl @smmpﬁmlolthahbmsal‘bemntcef)radiadon’s ar(dd‘trhdmmh ﬂ)pamﬁe

patterning device. Having been reflected by.the patterning device PD, the
radi ati on beanfNBMPass Wit WFOH%EIFHESpP%th ﬁl'%‘ﬁt‘%‘{jjé’@ew;”lﬁg EJr\7€/ngﬁar¥nf‘c‘§cuses t he

beam onto a t%rﬂﬁ%seﬁ%"fﬁ'pﬁﬁalﬁg%ffsﬁé?ﬁsu%%ﬁﬁ%%}“{%d\%owth the aid of the

positioner PWand position sénsor ., an interferonetric device,
| i near ent®d8}, capdbe rddimiondeamads is mpldEhEori ihe ppttemnine st Flat(egt, abl e WI' can
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array of indi vidyal HavERMNMER BRI by the patterning device PD, the radiation beam
B passes through the projection system PS, which focuses the beam onto a
target portion C of the substrate W. With the aid of the positioner PW and
position sensor IF (e.g., an interferometric device, linear encoder, capacitive
sensor, or the like), the substrate table WT can be moved accurately, e.g., so as
to position different target portions C in the path of the radiation beam B.
Where used, the positioning means for the array of individually controllable
elements can be used to correct accurately the position of the patterning device
PD with respect to the path of the beam B, e.g., during a scan.
[0056] In one example, movement of the substrate table WT is realized with
the aid of a long-stroke module (course positioning) and a short-stroke module
(fine positioning), which are not explicitly depicted in FIG. 1. In another
example, a short stroke stage may not be present. A similar system can also
be used to position the array of individually controllable elements. It will be
appreciated that the beam B can alternatively/additionally be moveable, while
the object table and/or the array of individually controllable elements can have
a fixed position to provide the required relative movement. Such an
arrangement can assist in limiting the size of the apparatus. As a further

alternative, which can, e.g., be applicable in the manufacture of flat panel



el ements can be used to correct accurately the position of the patterning
device PDwth respect to the path of the beamB, e.g., during a scan.

[ 0056] In one exanple, novenent of the substrate table WI is realized with
the aid of a |ong-stroke nodul e (course positioning) and a short-stroke
nodul e (fine positioning), which are not explicitly depicted in FIG 1. In
anot her exanple, a short stroke stage may not be present. A simlar system
can also be used to position the array.igf individually controll able
elements. It will be appreciated that the beam B can
alternatively/additionally be noveable, while the object table and/or the

array of 1 ndl viduall une B0k ol LARLS.BLERPQLE RATDAYE prflcligied saasbylon 1O

provi de the requ i ve movenent. Such an arr ne can assist in

limting the staebofixéhandppanbittase WASarabd ardnged to bt wyviedtrelugve whtheh can,
e.g., be applicable in the manufacture of fl at}aganel -13- displays, the

position of t henbsipie tatie &V T-abpreeamplen the WBStED l’?tWJrP@@t%‘?Hllﬂ@ withn be
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e W xanpl e, t can be

substrate tabl or e e substrate table provided with
a system for sedneityng the substrate Wacross it at a substantially constant

vel ocity. 057] As shown in FIG_ 1 the beam.of radiation B can be directed
to the pfﬁﬁggfni ng %@B@W%%'%é@%h‘iﬂ‘ng% ?’Hoé"pﬁlctapé?e Btesnto B6r ed such

that the radigidofnb dedifl POAbY hehRf drGChaH sgintte BsREAMLRRA shdifhadihg directed
to the patterﬁ%ng H%SIFc‘e PD. S%t eslﬁoul d be elal ?zgg tﬁ%t tlﬁ{é hg{egm of
radi ati on B camdiaiosoisbéidalheatettat byhthephtdnersplittgr cedi dizcored houthet he use

O Pl ey 00 R 2 DTl B SR el od
bet ween 15 andyigg e dieditesiine Baddifindeydt IPAR 135 oRRBeA splifie: qabodi ment

shown in Figure is at a 90 angl e). e patterning device PD nodul ates the

beam of radi at bunexddadhe dbtrecifsadintirackditestedhs the pattespingtderice BSanhi ch
Lransm L e, Todlal ey DA 46, K1e, BERkBE S0k S RRER, M VS, e
the beam of ragit@kkPns Bnd 854 BE between 35 and 55° (the embodiment shown in Figure
| is at a 90° angle). The patterning device PD modulates the beam of radiation
B and reflects it back to the beam splitter BS which transmits the modulated
beam to the projection system PS. It will be appreciated, however, that
alternative arrangements can be used to direct the beam of radiation B to the
patterning device PD and subsequently to the projection system PS. In
particular, an arrangement such as is shown in Figure 1 may not be required if
a transmission patterning device is used.
[0058] The depicted apparatus can be used in several modes:
[0059] 1. In step mode, the array of individually controllable elements
and the substrate are kept essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto a target portion C at one go
(i.e., a single static exposure). The substrate table WT is then shifted in the X
and/or Y direction so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size of the target
portion C imaged in a single static exposure.
[0060] 2. In scan mode, the array of individually controllable elements
and the substrate are scanned synchronously while a pattern imparted to the

radiation beam is projected onto a target portion C (i.e., a single dynamic



patterning device PD and subsequently to the projection systemPS. In
particul ar, an arrangenent such as is shown in Figure 1 may not be required
if a transm ssion patterning device is used. [0058] The depicted apparatus
can be used in several nodes: [0059] 1. In step node, the array of
individually controllable elenents and the substrate are kept essentially
stationary, while an entire pattern inparted to the radiation beamis
projected onto a target portion C at ong4ggo (i.e., a single static
exposure). The substrate table WI is then shifted in the X and/or Y
direction so that a different target portion C can be exposed. In step

rode the ! aui g1l IR ERPINSOE R Mg® el Be Bhaf I, 1 1 0
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scanning directl e'target “portion. [0061] 3. In pul se node, the
array of [0fdi)i dual By cohtmoid mbde thel arayrtf sndisidukbptoneslelie eklentsss at | onary

and the entire pattern Lls Pr.ohecte %gto a target. ortign C of the
substrate Wus]i‘%é CESSBHPSE FAUSHTY PN UER PAHER 18 FBSICFISH P11 ApfREeelr | s

moved with an gS86RC Bf e &BRFHEW BRREH pANGhrdilRbn lB8rcR e AN B ubStraieaused to
scan a line across the substrate W The pattern on the array of
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Consequent |y, fd&idually controliable elements is updated as required between pulses of the

radiation system and the pulses are timed such that successive target portions

C are exposed at the required locations on the substrate W, Consequently, the

beam B can scan across the substrate W to expose the complete pattern for a

strip of the substrate. The process is repeated until the complete substrate W

has been exposed line by line.

[0062] 4, Continuous scan mode is essentially the same as pulse mode

except that the substrate W is scanned relative to the modulated beam of

radiation B at a substantially constant speed and the pattern on the array of

individually controllable elements is updated as the beam B scans across the

substrate W and exposes it. A substantially constant radiation source or a

pulsed radiation source, synchronized to the updating of the pattern on the

array of individually controllable elements, can be used.

[0063] 5. In pixel grid imaging mode, which can be performed using the

lithographic apparatus of FIG, 2, the pattern formed on substrate W is realized

by subsequent exposure of spots formed by a spot generator that are directed

onto patterning device PD. The exposed spots have substantially the same

shape. On substrate W the spots are printed in substantially a grid. In one

example, the spot size is larger than a pitch of a printed pixel grid, but much



beam B can scan across the substrate Wto expose the conplete pattern for a
strip of the substrate. The process is repeated until the conplete substrate
W has been exposed line by line. [0062] 4. Continuous scan node is
essentially the same as pul se node except that the substrate Wis scanned
relative to the nodul ated beamof radiation B at a substantially constant
speed and the pattern on the array of individually controllable elenents is
updated as the beam B scans across the .jgubstrate Wand exposes it. A
substantially constant radiation source or a pulsed radiation source,
synchroni zed to the updating of the pattern on the array of individually

control | abl e e eéﬁemtl?a tﬁgg O%F% s%g gl[l(g va 1n l ﬂlte[}lsﬁ(yipug{'%% tgr%%t%ﬂ mode,

whi ch can be per or med UuslI appar t he
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formed by a spot generator that are directed onto patterning device PD. The
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| arger than a pitch rn I Xe SmalTercthan the

exposure spot grelﬂrelﬁyhfﬂaémmﬁtgiesnfegesdahmlsafbetehﬁ)l@mats printed, a pattern is
realized. |In_between the exposure flashes the intensity distribution over
the spot sl00&5kar i edn itbewanycamsieratis BROsehen Blaygael f&ﬁlﬁbe’sthSﬁU‘f’srﬁ’@teabove

descri bed mdegllé)Fesﬁ & 1 C?ER'JHOEJQ& Y sibid ﬁélﬁﬂé 08B aIObrob i

enpl oyed. 1006 I'i't hography, a atte exposed on an%ay o re5|st
on t he substrapaﬂnmﬁ&@nﬁhsmabmum:tmbﬂeﬂaneﬁamsdsuauhaeqqﬂnmkmnga&¢5t|ona
processi ng steps are perforned n strate. The ef%ect of these

th
subsequent pro%§§‘ilh§°1§lpér9§ thg u ﬁ‘a‘wp bANGhe eRRONIMHSE (it Bs¥kpdhds on the
exposure of th ﬁgalstthe E’s%@tdrg‘{ﬁt?é'd’ s&cﬂethgf g&ﬁ%ﬁ§§fq5@ shbfigt sugh that

portions of th strat receive a radiation dose above a given dose
threshold res pmndvdlafn’aéraenm Idy)set abovpar givem sloaf thrdsholslulespardt diffeteatly tecei ve a
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For example, in an etching process, areas of the substrate that receive a

radiation dose above the threshold are protected from etching by a layer of

developed resist. However, in the post-exposure development, the portions of

the resist that receive a radiation dose below the threshold are removed and

therefore those areas are not protected from etching. Accordingly, a desired

pattern can be etched. In particular, the individually controllable elements in

the patterning device are set such that the radiation that is transmitted to an

area on the substrate within a pattern feature is at a sufficiently high intensity

that the area receives a dose of radiation above the dose threshold during the

exposure. The remaining areas on the substrate receive a radiation dose below

the dose threshold by setting the corresponding individually controllable

elements to provide a zero or significantly lower radiation intensity.

[0066] In practice, the radiation dose at the edges of a pattern feature does not

abruptly change from a given maximum dose to zero dose even if the

individually controllable elements are set to provide the maximum radiation

intensity on one side of the feature boundary and the minimum radiation

intensity on the other side. Instead, due to diffractive effects, the level of the

radiation dose drops off across a transition zone. The position of the boundary

of the pattern feature ultimately formed by the developed resist is determined



radi ati on dose above the threshold are protected frometching by a | ayer of
devel oped resist. However, in the post-exposure devel opnent, the portions of
the resist that receive a radiation dose below the threshold are renoved and
therefore those areas are not protected frometching. Accordingly, a desired
pattern can be etched. In particular, the individually controll able el enents
in the patterning device are set such that the radiation that is
transmtted to an area on the substratgewithin a pattern feature is at a
sufficiently high intensity that the area receives a dose of radiation
above the dose threshol d during t he exposure The remai ning areas on the

substrate recei))(_lgﬁnevpcasu ?r} g G Qi qlo(ﬁ)’1%l %19“(’1 g{) Cdr OS for\}vr ?hShPaéhatl%X éo%%t' ng the

correspondl ng I contr erren rovi Zero or

significantly thesmaoldr allhepiobife bNiRNELHWIT d—foﬁﬁﬁﬂtoﬂl Ii’lotib" @(ﬁ'bisCme tiansitibadi ati on
dose at the edges of a pattern feature does not abruptly change froma
gi ven naxi num d8¥e ard horgeghg pereissvrasition qfiibe pavieinvicduts beundaiy: can babl e

elenents are s ll}Ps?é si de of
the feature bogdrrn gge@gﬁ\éé Eﬁ its%%?nr rrujrrr rnc]ﬁrglt }@]ﬁaﬂpﬁgléﬁélﬁ[ﬁﬁ %lémt? (ml?her si de.
| nst ead, due tprodtdfefxraatatmweo gioiiee tos, tht sabdtewethaofard be orrxmdr alid patadnse drops

off across a transition zone, The position of the boundary of the pattern
feature ulti nmaiedie PEWHBE- b?htaqecaaétrér%aetr PEPIMUNS ORI HYCRSHE- by t he

position at wh t e e oyy. .t adia ﬁﬁﬁ]
t hreshol d. Thekgggtﬁﬁtaﬁg quﬂﬂ% h?§93$*$§%'§%|gﬁm{ose %gf%gg the
transition zonmensaytﬂavlalen(mm1beoxpnﬁmi}squmdrtda roOterafschligz.pattern feature

boundary, control ] ed nore precisel ttrn the |nd|vrdually
control aﬂtﬂggbr emenCERAnE prOY\ed e2readei st @E ‘tfotiﬁd?oﬁ fonoRf {ife PAYAEL r at e

that are on or fRRRL Hoﬁﬁda?%%ttﬁérﬂ is @%@érbl@‘%nbé’qﬁﬂ@%ré{ phy! BR%En GRNwhehN@E only to
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i ndi vidual l'y
intensity values can be projected onto the substrate, e.g., at least 4 radiation

intensity values, at least 8 radiation intensity values, at least 16 radiation
intensity values, at least 32 radiation intensity values, at least 64 radiation
intensity values, at least 128 radiation intensity values, or at least 256 radiation
intensity values,

[0068] It should be appreciated that grayscaling can be used for additional or
alternative purposes to that described above. For example, the processing of
the substrate after the exposure can be tuned, such that there are more than two
potential responses of regions of the substrate, dependent on received radiation
dose level. For example, a portion of the substrate receiving a radiation dose
below a first threshold responds in a first manner; a portion of the substrate
receiving a radiation dose above the first threshold but below a second
threshold responds in a second manner;, and a portion of the substrate
receiving a radiation dose above the second threshold responds in a third
manner. Accordingly, grayscaling can be used to provide a radiation dose
profile across the substrate having more than two desired dose levels. In one
embodiment, the radiation dose profile has at least 2 desired dose levels, e.g.,

at least 3 desired radiation dose levels, at least 4 desired radiation dose levels,



control |l able el ement can only be set to two values (e.g., just a maxi num
value and a mninumvalue). In one enbodi nent, at |east three different
radiation intensity values can be projected onto the substrate, e.g., at

| east 4 radiation intensity values, at least 8 radiation intensity val ues,
at least 16 radiation intensity values, at least 32 radiation intensity

val ues, at least 64 radiation intensity values, at |east 128 radiation
intensity values, or at |east 256 radiaftijyon intensity values. [0068] It
shoul d be appreciated that grayscaling can be used for additional or

al ternative purposes to that described above. For exanple t he processing of
the substrate affes ¢ HeiRAPRRILiS) (0% ?&e{]“& Q:blegét"%“ d%él 4, Ea'a?ft% 3fge MOr € than
two potential résponses of regrons B su on recei ved
radi ati on dosevéievel . For exanple a portion of the substrate receiving a
radi ati on dose below a first threshold responds in a first manner; a

portion of00ffk subskshewd fughes vy sprecistedthat ﬂt?nraé@élenabéqufﬂ%cm Pat
t hreshol d but | d
b eshol 0, but BEKANGE k5SRO BEESA ) KERRPAInE ERRRRATINAE ) 2

t hr eshol d r espadtsion re@eitdai mdeacha;tvi@tr on :@l@d:ﬁll’cﬂtrﬁ"@] ¥s dgscaipsd abbtg Can be used
to provide a radiation dose  profile across the substrate having nore than
two desired do¥EmMdeihs. raijﬁtl%éiosérfﬁ%fdi’eﬁ’ehf eagh PP the PuBBESS SABfile has
at least 2 des €of [ dose

| evel s, at | eaéslge?%t%g@l d% all |l%neo ggtele(? gel s?}OHiITlg the ufaglgg?; i*6tﬂ‘lg'.<;e5| red
radi ati on dosee)tpembsbfmhe pcbmt eAsta RBrtHersgxaeghle, admlapmmnomdmesubbemelcm [ 0069]

It should further be a preC| aaed t hat the rad tion dose profile ﬁan be
control | ed by PRIEH F RRZHOB Y ne P 9“&50 PHCEISNG £XROSPIfSendPEy of the

radi ation recejy gﬁ@toﬁtd&@%caewtbyogad&hgmﬁwe A eRioRS Hlesrhardakove. For

exanpl e, the radiation dose receiv each point on the substrate can
alternatively m:tdttamdilyloonablllgd be esposingiheepbiiyusinmnarseleciedgubbe afuthat i on of

t he exposure Olfbaﬁ 0| nt . a further exanple, each point on the
substrate can PHB'Sh %‘FFVsﬁyEEéPQFQreISadl ation in a plurality of successive
exposur esjoothe In order to form the required pattern on the substrate, it is necessary to

set each of the individually controllable elements in the patterning device to
the requisite state at each stage during the exposure process. Therefore,
control signals, representing the requisite states, must be transmitted to each of
the individually controllable elements. In one example, the lithographic
apparatus includes a controller that generates the control signals. The pattern
to be formed on the substrate can be provided to the lithographic apparatus in
a vector-defined format, such as GDSII. In order to convert the design
information into the control signals for each individually controllable element,
the controller includes one or more data manipulation devices, each
configured to perform a processing step on a data stream that represents the
pattern. The data manipulation devices can collectively be referred to as the
“datapath.”

[0071]} The data manipulation devices of the datapath can be configured to
perform one or more of the following functions: converting vector-based
design information into bitmap pattern data; converting bitmap pattern data
into a required radiation dose map (e.g., a required radiation dose profile
across the substrate); converting a required radiation dose map into required

radiation intensity values for each individually controllable element; and



radi ati on dose received by each point can, therefore, be alternatively or
additionally controlled by exposing the point using a selected subset of the
plurality of successive exposures. [0070] In order to formthe required
pattern on the substrate, it is necessary to set each of the individually
controllable elenments in the patterning device to the requisite state at
each stage during the exposure process. Therefore, control signals,
representing the requisite states, nust.iige transnmtted to each of the
individually controllable elenents. In one exanple, the |ithographic
apparatus includes a controller that generates the control signals. The

pattern to be r -Subst i t:he: i gr aphi c
apparatus in %Jn&gﬁﬁgr ?'%e?i&ﬁ"é%af g&rd%agxt{o, %%Rgsgﬁél ?&Idletﬁa.brlgglrv kc{ut(%ﬁgonvert
t he design i niantmstitble RldnidnOirtd eoreapbidihg Sorgrodibigndler each i ndi vi dual Iy

control |l abl e el enent the controller includes one or nore data mani pul ati on
devi ces, WOFA conf Flfar dddenictpery arangsmsnb ob<he ppatells erordiagta Ber eam t hat

represents the t: . Lpul ati. i n hvely be
referred to asp?ﬁ%ﬁlﬁ%%%ﬁggﬁﬁég&fggg%%aT%g”dgpggﬁg%ﬁ%%?gﬁi%ﬁﬁgtgﬁ%%s of the
dat apat h can béisglapd.i Gum@dndms caesshonding rethoke sirven of F1Gel fagd Hepictad

functions: converting vector-based design informatign intqg bitnmap pattern
data; converti W&L%qm&rﬁ&f?wm%%& f*L‘Pothﬁ aL%EFun‘%S%‘aptf%iogtﬂil%th%‘ée nap
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a required radiation dose map into r ntensity val ues for
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manuf acture of flat pane rsplays. Conponents corresponding to those shown
in FIG 1 are depivetliednodilated rivBatsanteeame and hows mutheghsn apkgae inhe above

descr i pti ons of the vari us  STHRd! IBLS: o Be 10l HPLOMRAGRDT gy at F ons
radiation beam B then diverges and is focused by the second lens L2 (e.g., a
field lens).

[0074] The projection system PS further comprises an array of lenses MLA
arranged to receive the expanded modulated radiation B. Different portions of
the modulated radiation beam B, corresponding to one or more of the
individually controllable elements in the paiterning device PD, pass through
respective different lenses in the array of lenses MLA. Each lens focuses the
respective portion of the modulated radiation beam B to a point which lies on
the substrate W. In this way an array of radiation spots S is exposed onto the
substrate W. It will be appreciated that, although only eight lenses of the
illustrated array of lenses 14 are shown, the array of lenses can comprise many
thousands of lenses (the same is true of the array of individually controllable
elements used as the patterning device PD).

[0075] FIG. 3 illustrates schematically how a pattern on a substrate W is
generated using the system of FIG. 2, according to one embodiment of the
present invention. The filled in circles represent the array of spots S projected
onto the substrate W by the array of lenses MLLA in the projection system PS.
The substrate W is moved relative to the projection system PS in the Y

direction as a series of exposures are exposed on the substrate W. The open



device, the MLA, the beamof radiation, etc., remain applicable. 100731 As
shown in FIG 2, the projection systemPS includes a beam expander, which
conprises two lenses L1, L2. The first lens L1 is arranged to receive the
nodul at ed radi ati on beam B and focus it through an aperture in an aperture
stop AS. A further lens AL can be located in the aperture. The radiation
beam B then diverges and is focused by the second lens L2 (e.g., a field

| ens). 100741 The projection systemPS fiyrther conprises an array of |enses
M_LA arranged to receive the expanded nodul ated radi ation B. Different
portions of the nodul ated radi ati on beam B, corresponding to one or nore of
t he individuaLI¥ controllable elenents in the patterning device PD, pass

t hrough respedidiesereniesdnd speit expesisesSE that have prexipusly hesnssposvdAn thaich | ens

: r _ _ _ fee _
uni ch 11 es.on SERG Wic RRpRbedth spolndiREh Bht SRRl MEARTOE D P "SI

exposed ont o tlegsesstitlsi tiat gro)dttibi systdnh Pe:xppes acoat Rbftspad expabirboogh only
eight lenses of the illustrated array of |enses 14 are shown, the array of
| enses can con{fissbstiptny- (6 conmiate prttera fop the qubsirate e sereratedidydhe t he array

of individual '%{ﬁFBPEﬂ hd Mfﬁe&&??ﬁ%@s&%%a&gb&% W&%ﬁr%}i t@%g@&}!is‘?e PD) .

100751 FIG 3 ustrates s y how a pattern trate Wis
gener at ed usi nfudhhen sysingemerdt Bl Comtonbe edededgot s Opikclewbiddinm®yitg, 0f t he
present invention. The filled in circles represent the array of spots S
projected ont¢SqusEs g rate Wby the array of |lenses MLA in the projection

System PSurdie sUbRLLRbE sl fyt Y St 6F kinkEn bt 06 REQIEELE Blaet e PS 1

the Y direction as a series of exposures are rate W
The open 19- ci raddtes to dprsabsrdte S Ghe edges sfithe sulsiratdiad pdrald tpttevX andl y been
exposed on the g.ubs_tr teT\é\{

As shown, each spot projected ontq t Ee
substrate by t RediEgHg)s)or Thise s dane,se rihat when ﬁ?eof\%{sfrl?‘@nlss?’é’f’% Ipdhexposes a
Lon, o Pt SIRYTARGA0y (WS ciogt ulf OBLaPE pald gia Lo the
exposed by eacthffefent hecaspbtls: Sibstrate, thereby allowing the entire substrate to be
covered by the array of radiation spots 15. In one example, the angle 0 is at
most 20°, 10°, e.g., at most 5°, at most 3°, at most 1°, at most 0.5°, at most
0.25°, at most 0.10°, at most 0.05°, or at most 0.01°. In one example, the
angle 0 is at least 0.001°.
[0077] FIG. 4 shows schematically how an entire flat panel display substrate
W can be exposed in a single scan using a plurality of optical engines,
according to one embodiment of the present invention. In the example shown
eight arrays SA of radiation spots S are produced by eight optical engines (not
shown), arranged in two rows R1, R2 in a “chess board” configuration, such
that the edge of one array of radiation spots (e.g., spots S in Figure 3) slightly
overlaps (in the scanning direction Y) with the edge of the adjacent array of
radiation spots. In one example, the optical engines are arranged in at least 3
rows, for instance 4 rows or 5 rows. In this way, a band of radiation extends
across the width of the substrate W, allowing exposure of the entire substrate
to be performed in a single scan. It will be appreciated that any suitable
number of optical engines can be used. In one example, the number of optical
engines is at least 1, e.g., at least 2, at least 4, at least 8, at least 10, at least 12,

at least 14, or at least 17. In one example, the number of optical engines is

less than 40, e.g., less than 30 or less than 20.



Such an arrangenent is comonly referred to as "pixel grid inmging,"

di scussed above, [00761 It can be seen that the array of radiation spots S
is arranged at an angle O relative to the substrate W (the edges of the
substrate lie parallel to the X and Y directions). This is done so that
when the substrate is noved in the scanning direction (the Y-direction),
each radi ation spot will pass over a different area of the substrate,
thereby allowing the entire substrate t9y be covered by the array of

radi ati on spots 15. In one exanple, the angl e Ois at nost 20, 10, e.g., at
nost 5, at nost 3, at nost 1, at nost 0.5, at rmst 0.25, at nost 0.10, at
nost 0.05, or at nost 0.01. In one exanpl e, the le.0.is at least 0.001 .
[00771 FI8078 showsEashhentisel 'é%ﬂlllfycﬁbﬁf’laﬁﬂ%?n% |S‘?Ié‘13ft13a uBEEEPn QY SpRaY- subst rat e

Wecan be eXpOZﬁa@tehﬁ%%gé«hE@%B a?iﬁ?)ﬂcggalo'ﬁ% ofl B4 & JiéanQJdl Qa%hc‘ﬁ' is %‘9{: nes,

according to Fesent i nventi on exanpl e shown
ei ght arrays Sépodciated]ihatvicoer, ﬂmot\m&mme qpnoaimngmewarmhgi‘uatdmmphrt engi nes
(not shown), a}rran ed in % , R2 in a "chess board" conf.i uration,
such that the®leeRfeSTomoFne ﬁ%‘é‘&‘“ﬁ?atﬁoéoﬁy%%ﬁag%% ‘feé’“ij andsOIsUT| n Fi gure
3) slightly owg{f'ehfaps (in the scanning direction Y) with the edge of the

adj acent array "o radi ati on spots. In one exanple, the optical engines are
arranged in at Ieast 3 rows, for instance 4 rows or 5 rows. In this way, a

band of radi at Ig (ﬁlcrogz t he wi d@h of the substrate W all ow ng
exposure of th ent 7ff'én A SPRUFRELO9M ASEEISor med in a single scan. It will

be appr ec‘()@tm?ht hat FREYs fitstraby QCPHMHQ%% -Of-thQRiH ﬁﬁﬂca%nﬂ@s%eﬁﬁl} fg, used. In

one exanpl e e nunber of optical engines is at e.g.”, at least 2,
at | east 4, atZd)ceaszsseaa,bl;atSOGeradude]sdﬁnsaassﬁeb]s% 5102 S%.taddew Edqh zns at | east

17. In one exa optica e.g.,

| ess than 30 of® "?”é‘%lé’ "E“ﬁﬁ% %Jaens %ﬁ S Reli] ll SEQ Fsb’ﬁllou’é e@éﬁ%orrpri se a
separate il umsngahiien a§M§b@ﬂiﬂ1&tler tollghd @119 109 L@ﬁybﬁﬁsﬂﬂs@ﬂﬁlrﬁra&h&ﬁﬁlt@n system
PS as descri bed above. is to be appreciated, however, that two or nore

optical engi nelgns;mugh&ﬂe hx zdosnatsemblyaf0, each lens assembly is mounted on a

flat mounting surface, such as mounting surface 514. Mounting surface 514
may be coupled to an actuator 516, such as an air bar, slide, roller-bearing,
screw drive, or the like, so that the lens assembly can move along the length of
actuator 516. The lenses can then be moved to actuate a desired zoom. If the
surface of the actuator is not perfectly flat, the lens assembly may translate or
rotate out of its plane (off-axis) as it changes position along the actuator. With
traditional, mask-based systems, these off-axis movements do not affect the
output beam, since the accuracy required for mask-based systems is typically
tolerant of about 25 to 50 microns of off-axis movement.

[0080) For example, current systems allow an approximately 3 pm error for
lens translation in the X and Y axes. Current systems also allow an
approximately +/- 12 arc-second error for lens rotation about the Z axis (e.g.,
Rz). The tolerances for optical maskless lithography ("OML") systems that
use a programmable patterning device, however, are more strict. For example,
OML typically requires an error of no more than 0.1 pm for lens translation in
the X and Y axes, and +/- 5 arc-second error for lens rotation. As can be
seen, traditional mounting techniques with traditional tolerances are

insufficient for sensitive OML systems. The problem is further complicated



of one or nore of the illumnation system patterning device and projection
system I|11. Exenplary Optical Zoom Assenblies [0079] FIG 5 illustrates a
current state-of-the-art optical zoom assenbly 500. Zoom assenbly 500

i ncl udes | ens assenblies 502, 504, and 506. Each |l ens assenbly includes a

| ens 508, a lens cell 510, and a | ens nount 512. Lens 508 is attached at
its perinmeter to lens cell 510. Lens cell 510 is in turn attached to |ens
mount 512. In zoom assenbly 500, each |ens assenbly is nmounted on a flat
nmounting surface, such as nounting surface 514. Mounting surface 514 nay be
coupled to an actuator 516, such as an air bar, slide, roller-bearing,

o 90V, bbb e HAE e R BB s RIS L o

zoom |If the @lup}ﬁmnofnamlvﬁggyg&hm IS not perfectly flat, the |ens
assenbly may translate or rotate out of its plane (off-axi s) as it changes
position WO8Hg t he BEruft Blustratps gn entisal £pgn adsseblykohseeprdipgt €ndn t hese
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parallel to existing mechanical lens slide actuators 516.
[0083] Virtual reference axis 602 passes through an aperture 604 on each lens
cell 510 on lens mount 512. FIG. 7 illustrates a representative lens assembly
502 from zoom assembly 500, modified according to an embodiment of the
present invention, Lens cell 510 is movably attached to lens mount 512, such
that lens cell 510 (and thus lens 508) may move in the X, Y, and Rz axes (only
the X and Y axes are illustrated in FIG. 7). Virtual reference axis 602 passes
through aperture 604 on lens cell 510. Laser light creating virtual reference
axis 602 is sampled by beam sampling optic 702, creating a sampled beam
704. Sampled beam 704 is then sent to a detection system 706.
[0084] As lens assembly 502 moves along optical axis Z, off-axis motion in
X, Y, and Rz may be detected by detection system 706. Detection system 706
responds to the off-axis motion by sending a feedback signal to one or more
positioning motors 708 (e.g., servos). One or more positioning motors 708
then alter the position of lens ceil 510 so as to re-align lens 508 with virtual
reference axis 602, in a manner that would become apparent to a person
having ordinary skill in the art.
{0085] FIG. 8 illustrates an embodiment of aperture 604, sampling optic 702,

and detection system 706 according to an embodiment of the present



enbodi nent of the present invention. Assenbly 600 allows an OML zoomto
occur according to the requirenents listed with respect to FIG 5 by
correcting the off-axis translation (including lens translation in the X
and Y axes and lens rotation in the Rz axis) over an entire zoom range.
100821 In assenbly 600, one or nore |aser beans is used to provide a virtual
reference axis 602 extending along the direction of in-axis travel (e.g.,
along the optical axis of the zooml|enggs or Z axis). The direction of
in-axis travel refers to the overall direction of notion of the lenses to
be positioned during a zoom operation. Virtual reference beam 602 is

proj ected al on tica ti i cal ns slide
actuators 516.9T§8§?1 @P%?ﬁgﬁ%yé ngﬁ%£8§%&§r§bzﬁlé%gegﬁggﬁguéﬁphhgaperture

604 on each | emsic 76 s @lPledniol @BStIOURY 05kAs cbll G107 Inl thissémhbédiment,
representative |lens assenbly 502 fron1zoon1assenb|¥ 500, nodified according
<

to an enmbodi nefMRAMELQREC F{Q@eﬁwbeﬁ%\ﬁélhﬁqrorpﬂﬁ‘éﬁ@ wafem 200 cpa ngdydson y
ttached to | t 508
e sened [ TSl ) By SRS AL 500, T

FIG 7). Virtukhs nehar éile A3xdescriied 4dassashent lbhonghnafed isumevéaDdloag | ens
cell 510. Laser |ight creatln? virtual reference_ axis 602 is sanpled by
i

beam sanpl i ng G4 &iyimanipylate the zeoma shepeerivica pf ay flminghien kb @a¥n 704 i s
then sent to a,@ ves al ong
opt i cal axi o 2 arFIauRh SRy oYt e el 6 AT ERR e S ofP

det ecti on systmﬂ dfpear Het eotsiadion oY ftedamey Gght mmmphdg optic T2 lmfFLGp& s not i on

by sending a feedback si.gnal one or. posi tioni ng rs, 708 (e.g.,

servos). One o e%ﬁl@%@ﬁtm@hr%&m%v%g@%ylthtwﬁﬂépt@?Sq\‘:ﬂgl iAi®n of | ens

cel| 510 so asoﬁf%xfseméﬁérg'ib 18 PRBasbddh W. rSHﬁ‘i'lar \;f Qﬁ@%@ﬁﬁ@n JhinpP2, 1n a

manner that woul d becone apparent to a person ing ordinary skill in the

art. 100851 FI @fer&aeldxm&&b@vﬂh rapec&ﬂd»dnismehhﬁl@hftapﬁfﬁmsenﬁﬂm osarspgki ng optic

702, and detec systen17Q? accgcdlng to an enbodi ment of the present
eff&ﬁé? Bad p

Z2_ inventi off #gHan ated directly on lens cell 510, and
sanpl i ng [0086] Sampling optic 702 samples some of the energy from the laser beam

creating virtual reference axis 602 to create sampled beam 704. The position
of sampled beam 704 with respect to sampling optic 702 and sensor 706 also
changes due to off-axis motion of lens assembly 502. Sample beam B
corresponds to the position of sampled beam 704 when virtual reference axis
602 is positioned at beam A with respect to lens cell 510. Translated sample
beam B' corresponds to the position of sampled beam 704 when virtual
reference axis 602 is positioned at translated beam A' with respect to lens cell
510.

[0087] Sampled beam 704 is directed to detection system 706, which detects a
difference in position between sample beam B and translated sample beam B'
on sensor 800. The detected difference in position can then be input into error
amplifier 802. Error amplifier 802 sends a feedback signal containing a
corresponding correction to one or more positioning motors 708. One or more
positioning motors 708 use the feedback signal to correct the position of lens
cell 510 (and thus lens 508) relative to virtual reference axis 602.

[0088] FIG. 9 is an illustration of an example detection system that may be
used to detect the translation of lens cell 510 with respect to virtual reference

axis 602. In this embodiment, sampling optic 702 is a beam splitter 902



optic 702 is coupled to the structure of lens cell 510. In this enbodinent,
sanpling optic 702 is a beamsplitter. Detection system 706 can include a
sensor 800 and an error anplifier 802. Sensor 800 can be nmounted directly to
| ens mount 512. As descri bed above, when | ens nount 512 is noved along the
Z axis to mani pul ate the zoom characteristics of an illum nation beam any
off-axis notion of |ens assenbly 502 with respect to virtual reference axis
602 w | appear as a translation of theslaser light on sanpling optic 702.
In FIG 8, the position of virtual reference axis 602 with respect to |lens
cell 510 prior to off-axis notion is referred to as beam A Simlarly, the

01 - axt ot | off DR S 8 A et plld e CR RNl o kR il ™'

Sanpl i ng opti CseAfd WBMURENSO®R! &id 90BehBedadyicAlrfthiahe akesigfnede@ach cr eat i ng
virtual reference axis 602 to create sanpled beam 704, The position of
sanpl ed beam 79aligineé 8F?§§1|§éc9@4ta@ epsenrhy. & themp@zarahwnbewsbrmtm al so

changes due tos@ﬁ] Em#a?ﬂg witﬁeg IRaf ”%béleS%?ld §a Ps?l% Br

corresponds to osr pbeam when vr feference axis
602 is positi o;r@do;amat@ejam% with respect to lens cell 510 Tr ansl ated sanpl e
beam B' corresponds tq the positjion_of sanmpled beam 704 when virtual

ref er encel®89k 602 PuaripyaizpomigHingtchangenas Helddrase yintyel refetencs @6pdBE to | ens

cell ~510. 1008f, ﬁ?@#%aﬁ??ﬁ“t&p@@%ﬁ t{)a?l%:ltaf%g gtlgﬁtfﬁﬁ‘%llp?o e 706,

whi ch detects a ence I'n position sarrp eam and ransl at ed
sanpl e beam B' lenomosiensthe o&Qﬁu ol bearnl spletodr 492 diilf iearshacepositi@ofomi Bno can t hen
be input into erraor .amplifier 802. Error anplifier 802 se d f eedback

si gnal cont ai nPng éatm(%rgpésaﬂén%Wn‘@aué%m@e]éﬁhtdﬁ‘”@@td)r‘?esedﬁorrr%q EF oni ng
ol 755 et i B 0 0130, 68 AfobaE, v o
virtual ref er eitlnstraizd m Bl 1([ O0&8ihtehbiG cidnps detacted bystnsat Pohisafireatty exanpl e
510 wi 1 hr o peliTAed G Bhamout o D 8- D3k en3! 1o P FL0 GGRIHEAE .
sanpling opti csoi7, VBndl REGMRRKidder 902
[0090] The pitch of gratings 904 and 906 can be designed to keep the entire

expected range of translation to a single period, thus simplifying the detection

electronics.  Using readily available components and simple cosine fit

functions, motion detection of | part in 1000 is attainable. Thus, for off-axis

motions caused by 100 microns of non-flatness of lens slide actuator 516 (an

order of magnitude worse than the state-of-the-art air bars or slides currently

available), 0.1 um of positioning accuracy would be attainable.

[0091] Although a grating detection system is illustrated in FIG. 9, one of

skill in the art will recognize that other types of detectors can be used to detect

translation of sampled beam 704 from position B to position B' as the lens

assembly moves. FIG. 11 illustrates another example detector that may be

used. Instead of a grating-based detection system, the embodiment of FIG. 11

uses a quad cell detector 1102. Quad cell detector 1102 includes four or more

individual detectors arranged around a center point (similar to pie pieces).

When representative lens assembly 502 is aligned with virtual reference beam

602, the amount light detected by each of the individual detectors (as evidence

by, for example, a voltage) is equal (B). As lens assembly 502 moves, causing

sampled beam 704 to move relative to the detectors, the amount of light



-23- coupled to a grating 904. A second grating 906 is coupled to a |ight
intensity sensor 908. G atings 904 and 906 have identical pitch and are

al i gned. Each of aligned gratings 904 and 906 can be, for exanple and
without limtation, sinple chrome gratings with a clear reticle and a
transm ssion of approxi mtely 50% 100891 During a zoom setting change, as
light fromvirtual reference axis 602 interacts with beamsplitter 902 and
transl ates position fromA to A due to.24lens notion, the output of beam
splitter 902 will translate position fromBto B . Gatings 904 and 906
cause the light incident on sensor 908 to change frommnimmintensity to

et mum i nt ensidyled SEAUSALAR) HARLABY. Shaldbisbleg 40 ELP 10 The

i nt ensi ty change sensor rec correl a

amount of the ebbsigxi Eenm@EHGIIOQB th&tnke Eﬁbhntﬁ)’lf(hghaﬂdtebtbﬂfbﬂﬁﬁﬁ de®0} to
virtual reference axis 602. 100901 The pitch of gratings 904 and 906 can be

desi gned to ke@ﬂlrﬂ%@eﬁﬁﬁh(ﬁé expected range of translation to a single
per 100, { g TP G G RGBSR BHAE' RN S UG B fe vl vl e

conponent si npl e cosi ne i onof Cpart in

1000 i s attai nahbeliméhus FIhri2afsts adoble tmh'glart&te@m:sledz bPolblR triheglons of
non-fl atness of lens_slide actuator 516 (an _order of_ nagnitude worse than

the stat e- of - t faeciet 1402 ispediagech ik jaj getanguler deteqior b'étvléll?I%Feéi) It Yo ¢ m of
posi ti oni ng acﬁ‘l‘dfl?lgé’ | W%hqell&ea gérlhﬁi'yg%gl? BoJr Z/jaiagﬁ\!: SE@?‘!l@Wn@ngﬁHn@Q

detection system trate Inthe art wll
recogni ze t hatbaanhéd?2 tsympkadd:feanhe’f(élcatqrosumarB ban bs echtered detveeh the tams| ati on

of sanpl ed beam 704 from posj tion 0 position B the | ens , assenbly
moves. FIG 117iapglgst it samply éttﬁé’i‘“ EXamves deesifign Bnde ﬁwgsén Sed.

Instead of a gyt ?E‘Bel@%%ﬁ%e%ﬂo%&ﬁ@?d&X&B&%nBQ? E‘f@&’g dESHrec ?Jd Fl G 11 uses

a quad cel |l detec 1102 ad ce det ect or 2 I nc udes our nor e
i ndi vi dua|0082&}t ect or Bean lsang]ﬂm[g aptau TP aldccb:metcdm 1di ant afrangud| sau:h tlot |any3 pi eces).

When representa |aveﬁﬁ1gns ias nbl. aﬁ . rqd Wi t h wgltu ref erence beam
502, 1 he. ampurH Gt BARCEP AP ra RS T NG il AR EEEPES  ac
evi dence 602 is sensed and corrected. Since the same v1rtua1 reference axis 602 is used
for each lens assembly in zoom assembly 500, each lens assembly can be
independently corrected for off-axis position errors to very high precision.
[0094] This arrangement can also be used to eliminate manufacturing
variability inherent in the lens elements, cell and mount hardware, as well as
the lens slides. During set up, the initial alignment and cell offset
determination can be accomplished by analysis of the end-to-end aberration
set of the zoom optics, and offsets due to electronics, manufacturing

variability, and drifts can be corrected.

IV.  Conclusion

[0095] Although specific reference was made in this text to the use of
lithographic apparatus in the manufacture of a specific device (e.g., an
integrated circuit or a flat panel display), it should be understood that the
lithographic apparatus described herein can have other applications.
Applications include, but are not limited to, the manufacture of integrated
circuits, integrated optical systems, guidance and detection patterns for
magnetic domain memories, flat-panel displays, liquid-crystal displays

(LCDs), thin-film magnetic heads, micro-electromechanical devices (MEMS),



by, for exanple, a voltage) is equal (B). As |lens assenbly 502 noves,
causing sanpled beam 704 to nove relative to the detectors, the anount of
|l ight -24- detected by each detector changes (B'). Actuators can then be
used to reposition lens cell 510 so that the amount of |ight detected by
each detector returns to equal (B). [00921 FIG 12 illustrates another
exanpl e detector that can be used. The enbodinent of FIG 12 uses a double
triangl e detector 1202. Doubl e triangl e2sdetector 1202 is shaped |ike a
rectangul ar detector but is bisected into two triangles. Wen |l ens assenbly
502 is correctly aligned with virtual reference beam 602, sanpled beam 704
at position B r n e I d beam
o PO, L0 B RIS BB B e YR 0O RO

triangl e det ecproseat appuritas dai e uest mﬂakssorrrﬁetmuoh(lﬂ‘%}arﬁeﬁﬁf@zmu ng optic
702 and detector 704 are arranged such that % of f-axis change in the
position of | ehs- ¢&np hymdrapgstaf iao'ére@/qnafqomﬁ ela@fknce axis 602 is sensed

and cort oesy . Sl NCRARENARTR LR ElE AR BTl iAa yf or each

| ens asse in zoom asse each lens asse can b ependent |y
corrected for aof bpidal xopmsadsemblyeas dessribad herejn brcgﬂrdq@raenemmnely @41 This
arrangenent can also b use(%gt oelim nat e manufacturing varj g}fl ity

t

i nherent in t hSPISIRE TRiCERsh dQr meayuring fad Forrgetigg? \faérseerr%{é W eggs the | ens
slides. Durin i m nati on
Gal %ﬁ&gi’lﬁ J&eha?has%& 'p@#enﬁ nagﬂgnﬁe pSs@ldn RLLSSY of 9@@&! nat

can be acconpl i analysiso -to-end aberration of
zoom optics, adwicef heettngiuey tteoalrdat rccfnmagmuldamrf motmovergconmnmcahil ity, and

drifts can be corr ted | V. l,usj on L(‘G Alt peC|f|c reference
has made i n ¢ HASTOETPEEh Ao 8 T4 P NBG e AT A
manuf acture of .gh3PRCikh ?/Ooedﬁééﬂ%r (BB é &?12 ttybé‘to?% gd P%'rrlﬁé{bﬁceo'imél flat
panel display), 1t should be under s af the t hogr aphi ¢ appar at us
descri bed her eappramh chabe ueetdﬁeranapppiwzaabn ovisre highrptecmmn,mciatwmmbudle but are
not Iim'tedtob t he manuf acture of in%e r?ted . . .
gtween two Or more components &o necessarily optical components) is
required.
[0097] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not limitation. It will be apparent to persons skilled in
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. Thus, the breadth
and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance
with the following claims and their equivalents.
[0098] Further, the purpose of the Abstract is to enable the U.S. Patent and
Trademark Office and the public generally, and especially the scientists,
engineers and practitioners in the art who are not familiar with patent or legal
terms or phraseology, to determine quickly from a cursory inspection the
nature and essence of the technical disclosure of the application. The Abstract

is not intended to be limiting as to the scope of the present invention in any

way.



circuits, integrated optical systens, guidance and detection patterns for
magneti c domain nenories, flat-panel displays, |liquid-crystal displays
(LCDs), thin-filmnagnetic heads, m cro-el ectronechani cal devices (MEMS),
-25- light emtting diodes (LEDs), etc. Also, for instance in a flat panel
di splay, the present apparatus can be used to assist in the creation of a
variety of layers, e.g., athin filmtransistor |ayer and/or a color filter
| ayer. 100961 Additionally, the virtual.ogeference axis used to align |ens
elenents in an optical zoom assenbly as descri bed herein provides an
extrenely high precision reference for measuring and correcting off-axis
errors. Wile this alignnent systemhas the potential to inprove the
position accurﬁﬁﬁtQRH%H&MQ€| devi ce nmountings by two orders of nagnitude or
nore over conventi ona net 'hodol ogi es, one of skill in the art wll
recogni ze that, such,an [ . L echni e r &l jgning any
type of objecty ForAiHg?ghgg?%ﬁﬁwgwgggﬁ?gggﬁggﬁ%ggggﬁéﬁ%ﬁﬁﬁagﬁ@&ggﬁlication
wher e hi gh- pr eg $i06f aliggh®ht, ¢émpritingn bet ween two or nore conponents (not
necessarily optical conponents) is required. 100971 Wile various

embodi ments of the plagesnniighted e issncrptg\aevigadTelemnse axisdpammparalielite shoul d
be under st ood . . been presented by way of exanple only, and not
limtation. Itﬁgﬁ%?%%gugggéﬁbnt to persons skilled in the relevant art that
various changes in 4 Geamagahpdegaddvicealveited randthet dlementnandvicohigiirediepar t i ng
fromthe spirit and scope of the jnvention. Thus, the breadth and scope of
the present i nvdisaicon PeBon @f kg elsaent m@ewsmfyt hiheoyiruakrelersies: a8lescri bed
exenpl ary enmbogi.npents, but should be defined only in accordance wth the
following clainms and their equival ents. 100981 Further, the purpose of the
Abstract is to enabd eletdeerUnScoRatarhtian ovithl thed boen ksadiflingedaict thé public

generally, and especially the scientjsts, . engineers and practitioners in
the art who ar@nhgtreddpideiest chgngss laat’fl%ﬁ?%?n ?fg%aﬁﬁmteér w%thdﬁspﬁﬁms@m ogy, to

det er mi ne qui cilaff ' i . nce of the
technical dis cilﬁgls/lﬁlrrgfég%ﬁ? ﬁgﬁﬁg‘%‘?ﬂaﬁ Iial?i@ %?ﬁd %QE %gz}sr{l r@ g%?ﬁﬁg Becr B8

a positioner configured to align the element with the virtual reference

axis beam based on position changes detected by the detector.

2. The system of claim 1, wherein the beam sampling device is a beam
splitter.
3. The system of claim 2, wherein the detector comprises:

a light sensor;
a first grating coupled to the beam splitter; and

a second grating coupled to the light sensor.

4. The system of claim 3, wherein the light sensor is a light intensity

SEnsor.

. The system of claim 2, wherein the detector comprises a quad cell

detector,

6. The system of claim 2, wherein the detector comprises a double

triangle detector.



is not intended to be Iimting as to the scope of the present invention in
any way. -26- What is Clained Is: 1. A systemfor correcting off-axis
transl ation of an elenent aligned on an axis of alignnent, conprising: a

| aser configured to generate a virtual reference axis beamparallel to the
axis of alignnent; a beam sanpling device |ocated on the el enent and
configured to indicate a position of the elenent with respect to the
virtual reference axis beam a detector7in comunication with the beam
sanpling device and configured to detect changes in the position of the
element with respect to the virtual reference axis beam as indicated by the
beam sanpling device; and a positioner configured to align the elenment with
the virtual reference axis beam based on position changes detected by the
detector. 2. The syBlieenystmclodi olaim Wheaghsr tbaphdap sampémgndgdifiece i s a
beam splitter. %. The system of c)Jaim 2, wherein the detector conprises: a
| i ght sensor; ‘2'9“ igpted t@rg&fl‘?rﬁﬁ 3 fsaPack signal Rasedcnpasiion shangesd ‘E}"'Ctggjpsecond

grating coupl dfetagtolr'@mreaq9§BBSmélerEﬁ@og@g%%% i gkﬁf-mvm;e' n the

i ght sensor i intensit sensor e sys em o wher ei n
t he det ector ctherpmmé&faenmaokml&latn badet ectherfeedbackléignadyst em of cl aim 2,
wherein the detector conprises a double triangle detector. -27- 7. The
systemof claiml1, further conprising an error anplifier

8. An optical zoom assembly having a zoom axis, comprising:
a lens assembly configured to be moved along the zoom axis;
a lens slide configured to actuate movement of the lens assembly along
the zoom axis; and
a laser configured to provide a virtual reference axis beam parallel to
the zoom axis,
wherein the lens assembly comprises:
a lens cell;
a detector configured to detect changes in a position of the lens
cell with respect to the virtual reference axis beam; and
a positioner configured to align the lens cell with the virtual
reference axis beam when changes in the position of the lens cell are detected

by the detector.

9. The optical zoom assembly of claim 8, further comprising:
a second lens assembly configured to move along the zoom axis,
wherein the second lens assembly comprises:

a second lens cell having a second detector configured to detect
changes in a position of the second lens cell with respect to the virtual
reference axis beam; and

a second positioner configured to align the second lens cell
with the virtual reference axis beam when changes in the position of the

second lens cell are detected by the second detector.

10.  The optical zoom assembly of claim 8, wherein the detector comprises:



configured to generate a feedback signal based on position changes detected
by the detector, wherein the positioner is configured to align the el enent
with the virtual reference axis beam based on the feedback signal. 8. An
optical zoom assenbly having a zoom axis, conprising: a |ens assenbly
configured to be noved along the zoomaxis; a lens slide configured to
actuate novenent of the lens assenbly along the zoom axis; and a | aser
configured to provide a virtual referengg. axis beamparallel to the zoom
axis, wherein the lens assenbly conprises: a lens cell; a detector
configured to detect changes in a position of the lens <cell with respect to

the virtual reference ax|s heamy andod; BOSLALOOPESANTAULAdLA R ON the

lens cell with the virtual  "re emce axi s pbeam when changes I n e position

of the lens ceblindit@edgicRitioad! thy lehbeeltl aitiatgiect @.thd PatRpPréfeRhczd/asm assenbl y
of claim@8, further conprising: a second | ens assenbly configured to nove
al ong the zoon®&%is, wherein the second | ens assenbly conprises: a second

lens cell having a Seconéjse‘i’)‘é’&ezﬁ)}nﬂ%ult%ﬁ% h&%tecga%%s?ﬁg&&%ositﬁ)lﬁa&qﬁe;!fehp a

position of the second |ens ce respec rtual erence axis
beam and a seatingithosptitanahe eonial enferedce xigbegn at hediseedbd thebaancel | with
the virtual reference axis heam when changes in the position of the second
|l ens cel |l are YEPREEEVIES ¥He second detector. 10. The optical zoom assenbly

of claim8, wherein the o QP red 8- Agam Saimkk gvice
| ocated on the |ens cellggﬁﬁ ton %gurégﬁﬁénfng?é%?% % gggltlg;g%&%he | ens
cell with respestd biwpddigonthahped dateterignhe saxos beam

wherein the positioner is configured to align the lens cell with the

virtual reference axis beam based on the feedback signal.

11.  The optical zoom assembly of claim 10, wherein the beam sampling

device is a beam splitter.

12.  The optical zoom assembly of claim 11, wherein the sensor comprises:
a light sensor;
a first grating coupled to the beam splitter; and

a second grating coupled to the light sensor.

13.  The optical zoom assembly of claim 12, wherein the light sensor is a

light intensity sensor.

14.  The optical zoom assembly of claim 8, wherein the detector is a quad

cell detector.

15, The optical zoom assembly of claim 8, wherein the detector is a double

triangle detector.

16. A method of correcting off-axis translation of an element aligned on an

axis of alignment, comprising:



a sensor configured to detect changes in the position of the lens <cell wth
respect to the virtual reference axis beamas indicated by the beam
sanpling device; and an error anplifier configured to generate a feedback
signal based on position changes detected by the sensor, wherein the
positioner is configured to align the lens cell with the wvirtual reference
axi s beam based on the feedback signal. 11. The optical zoom assenbly of
claim 10, wherein the beam sanpling dewbce is a beamsplitter. 12. The
optical zoom assenbly of claim1l, wherein the sensor conprises: a light
sensor; a first grating coupled to the beamsplitter; and a second grating

coupled to the light sensor. 13. The optical zoom as f claim12,
wherein the |ight SERSBHIE 52 aw%fl?lgﬁfferieﬁ?eeﬁgist yeaggn%%gl?quky t%hgxgptochal zoom
assenbly of clagigi@nt;wherein the detector is a quad cell detector. 15. The
optical zoom assenbly of claim8, wherein the detector is a double triangle
detector. 16. A netdfeftise dBpgscin agpasitionagd thet ¢lgmentapitnrespechrio dhenent

al i gned on an _.axli i, O , nprising: -29- generating a virtual
reference axis' e§§$%%?gkkg$@¥%£tﬂgpaxis of alignment; detecting changes in

a position of the el theleldmeonesithiohe Vhtahgfervhdet diad béaef BARAGR tAXi s beam
and aligning the elenent with the virtual reference axis beam based on the
det ect ed changédeqtss ¢haaggsdniths pasitom affle dememint . 17. The method of cl ai m 16,
wherein the detecting step conprises: determning a correct alignnment
position of the elenment with

17. The method of claim 16, wherein the detecting step comprises:

determining a correct alignment position of the element with
respect to the virtual reference axis beam;
moving the element along the axis of alignment; and
determining a second position of the element with respect to the
virtual reference axis beam,
wherein the aligning step comprises returning the element to the

correct alighment position.

18. The method of claim 16, wherein:
the detecting step comprises:
sampling the virtual reference axis beam to determine position
of the element with respect to the virtual reference axis beam;
determining a change in position of the element based on
changes in the sampled virtual reference axis beam; and
generating a feedback signal to correct the change in position of
the element, and
the aligning step comprises aligning the element based on the feedback

signal.

19.  The method of claim 16, wherein the detecting step comprises

detecting a change in intensity of the virtual reference axis beam.

20.  The method of claim 16, further comprising:



respect to the virtual reference axis beam noving the el enent along the
axis of alignnent; and determ ning a second position of the elenment with
respect to the virtual reference axis beam wherein the aligning step
conprises returning the elenent to the correct alignnment position. 18. The
met hod of claim 16, wherein: the detecting step conprises: sanpling the
virtual reference axis beamto determ ne position of the elenent with
respect to the virtual reference axis bgam determ ning a change in position
of the el enent based on changes in the sanpled virtual reference axis beam
and generating a feedback signal to correct the change in position of the

el ement, and the al,igning,step .conpri.ses aligning the elenent based on the

f eedback signal. ilgt.%c Chr?@g od & 'DS%:qOéliOrrf;’%1 158‘?0%e?r8?1ﬁ ‘Ylktlhereég?cé%fl g step

conpri ses dekfaial Aferandehandgead) ahdit ensity of the virtual reference axis

beam 20. The nethod of claim 16, further conprising: -30- detecting changes

in a position of aabigiipytheeiceprshelempntivithothigadttual setereace ¢xip bean bpseter ence

axi s beant an i ani i irtual reference axis
ﬁm ﬁ]ée&géc?&i %h*eaggés%ﬁ %g%g%o%lltﬁﬁfoﬁtethe‘éﬂgg&& AEmYi

beam based o et ec chan ition of the second el enent.



