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Di ederick VAN DER MAST Background of the Invention Fi eld of the Invention
[ 0001] The present invention relates to a |ithographic ap arat us a net hod
- of gener at i I ROGR A REATC oA RPAR AEUS; MEATIORY t A

conput er - r eadabpe OSRAR PROBUCTSFOR GENERADING Aomsnier atl ng a mask
pattern. Rel atﬁggw gﬁ% V@m&mﬁ mpﬁghl ne t hat
applies a desi 4 mw at The

- l'ithographi c apparatus can be udSBINGoPAME arrpl e, in the manufacture of
integrated circuits (1Cs), flat panel displays, and other devices

i nvolving fine structures. In a conventional |ithographic apparatus, a
patterning nmeans, which is alternatively referred to as a mask or a
reticle, may be usednwcntge‘»neraK@rSa’Zegél‘r%R@DSf;Eattern corresponding to an

i ndi vi dual |ayer of the IC (orJohoiwes Ja@bisbjatheas BAIEIMANS ern can be

i maged onto a target portion (eKgrel Dicderigk VANDERWIASY one or several
dies) on a substrate (e.g., a silicon wafer or glass plate) that has a

| ayer ofradiation-sensitive material (e.g., resist). Instead of a mask,
the patterning neans nay conprise an arra of individually controllable
el ements that generate theBackguundaf thelnvention3] 1 n general, a single
substrate will contain a network of adjacent target portions that are
successi vel y exposed. Known |ithographic apparatus include steppers, in

whi ch each gigia@ethdMayéityn i S irradi ated by exposing an entire pattern onto
- the target portion in one go, and scanners, in which each target portion is

[0001] The present invention relates to a lithographic apparatus, a method of

generating a mask pattern, a device manufacturing method, a computer-readable

storage medium storing a program for generating a mask pattern.

Related Art

[0002] A lithographic apparatus is a machine that applies a desired pattern ontoa
| target portion of a substrate. The lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs), flat panel displayé, and
other devices involving fine structures. In a conventional lithographic apparatus,
a patterning means, which is .altematively referred to as a mask or a reticle, may
be used to generate a circuit pattern corresponding to an individual layer of the IC
(or other device), and this pattern can be imaged onto a target portion (e.g.,
comprising part of one or several dies) on a substrate (e.g., a silicon wafer or
glass plate) that has a layer of radiation-sensitive material (e.g., resist). Instead of
a mask, the patterning means may comprise an array of individually confrollable
elements that generate the circuit pattern. '
[0003] In general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known lithographic apparatus include
steppers, in which each target portion is irradiated by exposing an entire pattern

onto the target portion in one go, and scanners, in which each target portion is
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P-1958. 010 --2-- through the beamin a given direction (the irradiated by
scanning the pattern "scanning" direction), while synchronously scanning
the substrate parallel or anti-parallel to this direction. [0004] In
projection |lithography the inmage printed on a substrate can be inproved by
addi ng optical proximty correction (fOPC) features to the desired pattern.
The OPC features are intended not to“ appear in the devel oped i mage
t hensel ves, but to affect the shape of the pattern_ features so that when
devel oped tivedigtedt st spanniagithe pattep dhrengls the hegm Hea g geien 88 n. They nay

i

leL

Itc

Cl oser  togerrupid Ahekpd. sRAR PR GaBink 1 MR pduic] B °T) P1CNeS

es to be

printed in atisphgled temidogisdcionKnown types of OPC features include
scattering bars, serifs, hamrerheads, and the |ike. [0005] A bipary mask

(e.g.,[080dhr one Iparejestipnditheeraphathecimagperitted @ a gibpyatasandrgnpmo¥ed bi nary OPC

f . T . tthe QPC f ' ' d ,
they are mitdRimeopLsyRrRT BNy par ot IaBFR A onl ¢ PRIEPE e o
have a wi dtdypt ¢&SurbHR idel@aalotRtipBeiin MerREsIbFed g theaitelves, blie case of

scattering bars, so that the contrast in the projected inmage is |ess than
a resist thpedieol the shays bbtherpaiterndegures so ihaisvirndevislopad (herpatteticcessful in

cmoctende h EkbiSars s o Ak R b ks Pl Gl B0 e g~
desirabl e. J.0006}inH3¢/s@f Mafired¥Tal fidrént pREKIALIJsEr tBEtheRs @B famfriod of

provi di ng tical Proximty Correction features in |lithography. Summary of
t he | nvent i asey@daiiffertot pitahien tp heopramedinnsingle mxporfure. Wengwretypes of nvent i on,

Lhere | PN let s, 100, oL gEer 2L bng ek Pl C" Profection

to be Bgposit €d ang,GERAPHAIE R%. 3 chrome pattern on a quartz substrate) only allows
for binary OPC features. To prevent the OPC features appearing in the developed
pattern, they are made sub-resolution. For example, the OPC features are made to
have a width less than a wavelength of exposure radiation in the case of scattering
bars, so that the contrast in the projected image is less than a resist threshold.
While known OPC features have been very successful in enabling features of
critical dimension (CD) much less than the exposure wavelength (low k1) to.be
‘printed, further improvements would be desirable.

[0006] Therefore, what is needed is an improved method of providing Optical

Proximity Correction features in lithography.

Summary of the Invention

[0007) According to an embodiment of the present invention, there is provided a
method of generating a mask pattern for projection comprising the steps of
receiving a device pattern representing features to be printed and generating a
mask pattern. The mask pattern comprises device features hairing a first intensity
level against a background having a second intensity level and at least one
correction feature having a third intensity level. The third intensity level is

between the first and second intensity levels.
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mask pattern. The nmask pattern conprises device features having a first
intensity |evel against a background having a second intensity |evel and
at | east one <correction feature having a third intensity level. The third
intensity level is between the first and second intensity |evels.

P-1958. 010 --3-- [0008] According to _another enbodi nent of the present

I nvention, there is provided a devicéyﬁanufacturing nmet hod conpri sing the
steps of receiving a device pattern representing features to be printed
and gejf@osit i ng aAcmsding do tanpther embpdinminh gf dby ipreseritaavention, Heweve gy a fir st
intensity | evel | nst a background, having .a second intensity |evel and
at | east  oriORGRd ddleN musiuHEmg rthed ZOTRTIFe e nERkot ORYRB The third

intensity | | : ' : | j s. The
met hod al so&\g%lﬁ'gﬁ Iﬁgx@?&@ﬁ%ﬂ@%%gﬁ%?ﬁ%? g@?‘é‘?ﬁ;&g%g%égit%@@kpé%ﬁ{di ng a beam
of radi ati compsising duvidel featnfendihiviap asfirst sngnsity ilevgl agapet a dackgrguad r ay of
I ndi vidual Iy controll able el errént to spatially, rrgedql aje.the be(gm accordi ng
to the madiavpgserend misgsibrlsyd @nd aylesstionp sereting fapuehdre 2 484t i on onto a
target por tihl%{]si EvdienStRtifRh Sy 16 R erd Ebndnd st DY seSHAGHIABRE - L he
present invention provides a conputer ~ program product conprisi'ng a :
conput er udewdN. Thzeakthicd disv/dongprdecthopiepest providgzasubstgiecproeargied t her eon
for controlling at | east one processor, the conputer program/l ogic ‘
conpri si ng heampef Bdiaties isis b HBIHBIGLEYSin USHE # PRI ¥ins sini | ar
to the net ' ' | ts. [0010]
R R St ofilfhs s R bt R BRI W

In a still I nven e 1s provided a
|'i t hogr aphirgaskppaéraf 48l pejsqing3hdyhtteimed beatfonaidiation siteaeargetpoptivint er ni ng

farray of individually controllable elenents, a substrate table, a

proj ecti on ofyhasshftradeyd a controller. The illum nation system supplies a
e Gha . 5" BEARF Ao B A e ol Rl =
_ program product comprising a computer useable medium having a computer
program logic recorded thereon for controlling at least one processor, the
compﬁter program logic comprising computer program code devices that perform
operations similar to the method and devices in one or more of the above
embodiments.

[0010] In a still further embodiment of the present invention, there is provided a
lithographic apparatus comprising an illumination system, a patterning array of
individually controllable elements, a substrate table, a projection system, and a
controller. The illumination system supplies a beam of radiation. The patterning
array of individually controllable elements serves to spatially modulate the beam.
The substrate table supports a substrate. The projection system projects the
patterned beam onto a target portion of the substrate. The controller controls the
patterning array, so that its elements adopt states representing a projection pattern,
the projectioﬁ pattern comprising the convolution of a device pattern and a
correction kernel.

[0011] According to a still further embodiment of the invention, there is provided
a projection lithography apparatus having a patterning array of individually
controllable elements, a projection system, and a pattern corrector. The

patterning array of individually controllable elements is settable to three or more
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The substrate table supports a substrate. The projection system projects
the patterned beamonto a target portion of the substrate. The controller
controls the patterning array, so that its el enents adopt states
representing a projection pattern, the projection pattern conprising the
convolution of a device pattern and a correction kernel. [0011] According
to a still further embodi ment of the4nvention, there is provided a
projection |ithography apparatus having a patterning array of individually
cont r ol | abl sgated thavrs configuied &) motlnlate atypame The profbctiopsystem projotsiteet or . The

patterning array of individually control|able el egents is ttable to three
or nore P-bromgome@ substras toHEH 4 Batt?ﬁhfhe@?ﬂne@?énﬁgﬁ%'dgﬂeép d MWAYM  The

proj ection S j st L at Qe HNic2 Pattern
Pher con dereeit By Hebaihidfy REROH AR BREHA AR i B The
pattern corgaasinOnd RaeoIMRSs the Havicd pattin detii codrrepidri Rerchsodgenenateol ut es the
device pattern with a correction kernel tqo generate correction features

havi ng i nt exsiegtjon featares hayringintensity levelsef pideast onsdevbbetvicpathedewels  of the
devi ce pattzr n, %0012 Furt her enbodi nents, features, and advantages of the
present in trllﬁ% Leraldiue| | as the structure and operation of the various
enbodifgpi}s of tHethey @ERAments\etiied ind adwintigesdfithestesont veatidnspel ow wi t h
reference to the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS/ FlasurRHSs theGtrugrernsl epstasiopa herigrigvnssmbngimentp o€ thegresentcor por at ed

herein and . form a rt of t.h Lfication, 1]l uskr esent
i nventi on dﬂﬁnnf’%’g‘gg E]ﬁcrﬁaefl H™ ¢ YL feg engey tl{qg?ﬁtcg%r%l{;aglyﬁ{(g expl ain the
princi pl es pfigsinvention and to enable a person skilled in the pertinent

v art to make and use the invention. [0014] Figure 1 depicts a |ithographic
apparatus, according to one enbodi nent of the present invention. [00151

Figure 2 depi ciy P S CRIPTION GPTHEE DRAWIRIRYFIGURER hod.  accor di ng

[0013} 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.

[0014] Figure 1 depicts a lifhographic apparatus, according to one embodiment of
the present invention.

[0015] Figure 2 depicts a part of a mask pattern generated by a method, according
to one embodiment of the present invention.

[0016] Figures 3,4 and 5 depict methods of generating a mask pattern, according
to various embodiments of the present invention.

[0017] Figure 6 shows an exemplary computer system, according to one
embodiment of the present invention,

[0018] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers may indicate

identical or functionally similar elements.
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to one enbodi rent of the present invention. [00161 Figures 3, 4 and 5

depi ct nmethods of generating a nask pattern, according to various

enbodi ments of the present invention. [0017] Figure 6 shows an exenpl ary
conput er system according to one enbodinent of the present invention.

[ 0018] The present invention will now be described with reference to the
acconpanyi ng drawi ngs. In the draw rTgs;," | i ke reference nunbers nmay indicate
identical or functionally simlar elenents. P-1958.010 Detail ed Description
of the Enbodi nents Overview and Term nol ogy [0019] Al though specific
reference may be madep{n this text . t - LLthographi c apparatus in
t he manuf acture of inﬁ@é?’i‘?‘i?#P&’&Oﬁs‘%m@,ﬁbghl@ﬁ%ﬁ]d be understood that
the |ithographi c apparatus described herein may have other applications,
such as the manufacture of integrated optical systens, guidance and

det ecti on p@vewiewsanflorermitplesy ¢ donmi n menories, flat panel displays,
thin-film nagnetic heads, etc. The skilled artisan will appreciate that,

i n thejopesf ext oAlthcughhspetifier rddrice mppbe ertdeoinsthisitext us eholisd be t er s
"wafer” or "die" herein maybe considered as sgnonyng[zfs wif]h &Qqe] nor e
gener al t er hibogrephie apngratus ythe manyfagture b piicesaied cirits (s). fshopld 8 syupstrat e
referred to, hgerei fQr L n for
exanpl e a t-%(%ff?({o@. tg.g%lﬁlge ﬁ%&gﬁﬁﬁ%?appgl%[uga F‘ifﬁ{f?gg{e&@é Igléfglétl{ Sthgf resist to
a subst r at eaplidatay,ehepss themaguRomethiegrated opicahsysainisy puidyncoand i nspect i on
tool. Were applicable, the disclosure herein may be applied @31 such -and
ot her subst dejecsiop pattessssfor gnagpeticdomajn megtories,Hlat o @F%B’é(sﬁﬁ‘?‘ processed
nore than once, ..for exanpl&. i h.0order 0, - so t hat
the term s‘E}B%quﬁ?‘Sa(ﬁsgtﬁ' @eeﬁk}%%gada?ﬁsaabggﬁragﬁ%r&a oﬂﬁg{’?ﬁ sfataar6 gl{eg{f%at al r eady
cont ai ns Mudch Pk@natPeQpFRGEdns A pase of [RAGH]s “Waker? 6f Mid deredymaf bé ndi vi dual |y

control | abl e el enents" as here enpl oyed .
considered as synonymous with the more general terms “substrate” or “target

portion,” respectively. The substrate referred to herein may be processed, before

or after exposure, in for example a track (e.g., 2 tool that typically applies a layer
of resist to a substrate and develops the exposed resist) or a metrology or
inspection tool. Where applicable, the disclosure herein may be applied to such
and other substrate processing tools. Further, the substrate may be processed
more than once, for example in order to create a multi-layer IC, so that the term
substrate used here.in may also refer to a substrate that already contains multiple
processed layers.

10020] The term “a.rray of individually controllable elements” as here employed
should be broadly interpreted as referring to any device that can be used to endow
an incoming radiation beam with a patterned cross-section, so that a desired

_ p.attern can be created in a target portion of the substrate. The terms “light valve”
and “Spatial Light Modulator” (SLM) can also be used in this context. Examples
of such patterning devices are discussed below.

[0021] A programmable mirror array may comprise a matrix-addressable surface
having a viscoelastic control layer and a reflective surface. The basic principle
behind such an apparatus is that, for example, addressed areas of the reflective
surface reflect incident light as diffracted light, whereas unaddressed areas reflect

incident light as undiffracted light. Using an appropriate spatial filter, the
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shoul d be broadly interpreted as referring to any device that can be used
to endow an incomng radiation beamw th a patterned cross-section, so
that a desired pattern can be created in a target portion of the
substrate. The terns "light valve" and "Spatial Light Mdulator” (SLM - can
also be used in this context. Exanples of such patterning devices are

di scussed bel ow. 10021] A programmbr@“m' rror array may conprise a

mat ri x- addr essabl e surface having a viscoelastic control |ayer and a

refl ective mdiffizceed light chmbi dillprédnaitpifahe befhdicted Iseanh leavimgppelydheis i s t hat,

for exanple, addressed areas of the ref|ective surfage reflect incident
light as didiffrastadeBel wqaghm é‘él%’*t-rﬁ‘i‘?adh’r $ SYPNRPR Jae RGCOWEH o dent

light as undi i | 5 :rr?attl%:- patiablefddggr. the

- 1958. 010%%Hea&%l%?@fnggg%hgcfuﬁegﬂlﬁ?@aatﬁﬁgeﬂp? ter eg out ofest e reflected
beam (002%)i ng onit yvill lbe appictiated ahatdad dngiierdative athe filtehmag didst owittke 1n this
manner, the beam becones . patterned according to the addressing_ pattern of

t he mat ri x-diffnctasdight.deaying the undiffeayted)light togpagh thesubshptec ARy Phat , as an
| t ti dhe filt . ' . | f - | ' [ th
STEIPEN T A ae TE

m cro el ectydad if@edtdapodlinsmainem EMENBITrateve 6pticat MEMSslevicbearised in a
correspondi ng manner. Each diffractive optical MEMS device can include a

plurality dfclnds paduiality of wsHecfivetiihbong shet san perdsiormed rglative {on% one
another to form rating.that refle | Nel <ok | . diffracted |ight.
[0023] A fLﬁ‘“Pﬂ'@F %a’l%fr@rar%?ﬁl%h%%tr{ﬁ‘@%qmﬁeéggéh?%%flﬁ%é&g&16 ogranmmabl e mrror
array Rueijoyi ng & fifhdr AftefHalidd eMBBMineat cAd Mliderd Progranfdable gfirhi ch can be

individually tilted about an axis by applying a suitable |localized electric
field, or dmpyemyployingg pattixoetasgement of dinyanireas,rmagh of whighecaiighd n, t he

g el
mrrors; in em;ﬁoﬁﬁé‘?‘i%ﬁoelééﬁ% Jcﬁi_akieﬁh@%d?@{éb absinfi8t hereRdraasaaxdi ng to the
addressing pattern ofthe matrix-addressable mrrors.
addressable, such that addressed mirrors will reflect an incoming radiation beam
in a different direction to unaddressed mirrors; in this manner, the reflected bgam
is patterned'according to the addressing pattern of the matrix-addressable mirrors.
The requiréd matrix addressing can be performed using suitable electronic
means. |
[0024]  In both of the situations described here above, the array of individually
controllable elements can comprise one or more programmable mirror arrays.
More information on mirror arrays as here referred to can be gleaned, for
example, from United States Patents 5,296,891 and 5,523,193, and PCT patent |
applications WO 98/38597 and WO 98/33096, which are incorporated herein by
reference in their entireties.
[0025] A programmable LCD array can also be used. An example of such a
construction is given in United States Patent 5,229,872, which is incorporated
herein by reference in its entirety.
[0026] It should be appreciated that wherc pre-biasing of features, optical
proximity correction features, phase variation techniques and multiple exposure
techniques are used, for example, the pattern “displayed” on the array of

individually controllable elements may differ substantially from the pattern
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The required matri x addressing can be perfornmed using suitable electronic
nmeans. {0024] In both of the situations described here above, the array of
individually controllable elenments can conprise one or nore programabl e
mrror arrays. Mre information on m.rror arrays as here referred to can
be gl eaned, for exanple, fromUnited States Patents 5, 296,891 and
5,523,193, and PCT patent applicati-ohs WO 98/ 38597 and WO 98/ 33096, whi ch
are incorporated herein by reference in their entireties. [0025] A

progr ammabl g chobl1R ifaddfeiad torh $FeD6f 1Sl theASubetasp [SemiMrlys Wiepatengonst r uct i on
Is given in United States Patent 5,229,872, which is incorporated herein
by r ef er enceveniwally geneeated orcthy substefe gjaymet edreaspendde thgnsitemiformed at hat wher e

pre-biasing of features,, optical ..proximt [ | f phase
variation taé’gﬁﬁﬁed?fé@tgﬁah%ﬁﬂyi Il%dlﬁ%%jbu?oél Oﬁ%éﬁglféc}{tfg{s%' f}?'gst %@gge f or

exanpl e, t hgeBaelif b arrih el Al RAVhiSHth RecRhAINAten foirhel ot ehdRbiry ofont rol | abl e
el ements may differ substantially fromthe pattern P-1958.010 --7--

event ual | y the anbftete sdbuilf ep bugrer given qreriod afhiéme @isst gixew numbgs pPhrly, the
pattern eventuall enerated on_the sybstrat .not. _cor nd to the
pattern forfEaSHES Xgﬂ@g SHeh; e AT P gAY, ‘%‘%&‘ﬁﬁhﬁ%’ﬂ%@?@%

cont rol | abl & /LR6R/6r thd RIStivVERGsiiBn of i stBSEaté BhadBedd! r angenment in which the
eventual pattern formed on each part of the substrate is built up over a

gi ven j9627]od of Althmghrspacificweferamserreay bé madepiosihitextite thegusehdth t he
oD o Sy Lo e SRR B SRR 7,
e RS Sl b bghalit ot 1
appar at us deanpld) gt hemeaotureay DNA ehips NIEMSIVIOEMS dntegratedodptizsl  f or
XAl e, R oma. gdante and detection patiends for Hmignétie doinain herorses. Pt ' ©2!
panel displays, thin film magnetic heads, etc. The skilled artisan will appreciate
that, in the context of such alternative applications, any use of the terms “wafer”
or “die” herein may be considered as synonymous with the more general terms
“substrate” or “target portion”, respectively. The substrate referred to herein may
be processed, before or after exposure, in for example a track (a tool that typically
“applies a layer of resist to a substrate and develops tﬁe exposed resist) or a
metrology or inspection tool. Where applicable, the disclosure herein may be
applied to such and other substrate processing tools. Further, the substrate mdy
be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers. 7
10028] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a
wavelength of 365, 248, 193, 157 or 126 nm) and extremé ulira-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nmy), as well as particle
beams, such as ion beams or electron beams.
[0029] The term “projection system™ used herein should be broadly interpreted as

encompassing various types of projection systems, including refractive optical

systems, reflective optical systems, and catadioptric optical systems, as
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systens, gui dance and detection patterns for nmagnetic domain nenories, flat
panel displays, thin filmmagnetic heads, etc. The skilled artisan wll
appreciate that, in the context of such alternative applications, any use
of the terns "wafer” or "die" herein may be considered as synonynous with
‘the nore general terns "substrate" or "target portion", respectively. The
substrate referred to herein may beé&%rocessed, before or after exposure,
in for exanple a track (a tool that typically applies a |layer of resist to
a subst r at eppropridiey &ropamiples fox the segosas irsdijticor beang nesd; ok dggyolber | nspect i on
tool . Wiere, applicabl e, theI; di.scl osur w_ger%i{n my be a &Ir?ié(ed to such and
ot her substiREPiE sPeibesdBe PifPleB Jraersion fweor thapse ot g ¥qqm v 8% processed
nore than fqr sexanpl e r o so that
the term sgﬁgﬁ'{gt gernaslg%gﬁg?a g)lﬂl’il!: %}%ﬁgﬁeggs ?’g%g%ﬁ?gs %Bﬁgs%l%ggn%rﬁlat al ready
cont ai NS NMuérin fPrejepti@caseard’ | ayers. [0028] The terns "radiation" and "beant

used herein enconpass all, types of electromagnetic radiatjon, f’AncI udi ng
ul t r adP@3Bt (Uv)Thedlpminagan sxstem gy, plsg) CACONIRATE VEHTYE YRS @6@,‘102 8, 193, 157

o o o s e g ol mplis

wavel engt h as’ we as’ par eans, such as

i on beanms gpr (ﬁie@ﬁﬁg,@lilaéﬂ@@con[t&ﬁﬂ'@thah@m efratiztig petduchcosipsteand’ used
herein should be broadly interpreted as encong)?ssi ng various types of
&

proj ect i on mayslsens refemet teibelgwr edllegtvely er sipguledy, 2s aykpans, refl ective

optic stens,,and cat adi optric _opti.C P 10 --8--
appr'ogbq e, foFrh&L1 aé’,%lcfagsa]iah]é I%r{jé)bgsoa‘llaﬁ;?é}é?%?i’wgﬁf%%r %‘%ﬁgl?g% or for

ot her fact®htors Yethtudfe thhes HE/o?ftwd Prinidre msdsR fabilds)i th sickt figulipR of a
vacuum Any use of the term"lens" herein nmay be considered as synonynous

wi'th the mstage'oadieds the additionpltebles may he vsedinparalle], gpBEParFiesy $PRSUM nat i on
P I 3R SR TReS SRSy ARGl | e v 0
used for exposure. _
[0032} The lithographic apparatus may also be of a type wherein the substrate is
immersed in a liquid having a relatively high refractive index {e.g., water), so as
to fill a space between the final element of the projection system and the
substrate. Immersion liquids may also be applied to other spaces in the
lithographic apparatus, for example, between the mask and the first element of the
projection system. Immersion techniques are well known in the art for increasing
the numerical aperture of projection systems.
[0033] Further, the apparatus may be provided with a fluid processing cell to
allow interactions between a fluid and irradiated parts of the substrate (e.g., to
selectively attach chemicals to the substrate or to selectively modify the surface

structure of the substrate).

Lithographic Projection Apparatus

[0034] . Figure 1 schematically depicts a lithographic projection apparatus 100
according to an embodiment of the invention. Apparatus 100 includes at least a
radiation system 102, an array of individﬁally controllable elements 104, an

object table 106 (e.g., a substrate table), and a projection system (“lens”) 108.
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for directing, shaping, or controlling the beam ofradiation, and such
conponents may also be referred to below, collectively or singularly, as a
"l ens.” [0031] The lithographic apparatus maybe of a type having two (e.g.,
dual stage) or nore substrate tables (and/or two or nore nask tables). In
such "multiple stage" machines the additional tables maybe used in
parallel, or preparatory steps may - carri ed out on one or nore tables
while one or nore other tables are being used for exposure. [0032] The

| i t hoqoepdli ¢ apRadidiioa sp@ymalil@abbe afed dort snpplyintper tedam 1 Heofaadistiomt e i s

imersed in a liquid having a relatively high refractjve index (e.qg.,

wat er), so (&g WY radiptiory, y%&‘é’eu'lb@ﬁ/@éﬂa%{ﬁecaﬁ? AP COMEIISRS 2GRAUEERD pr oj ect i on
system and threce 1f%lbst rate. Imrersion liquids nmay al so be applied to other
spaces in tREC ‘hogr aphi ¢ apparatus, for exanple, between the nmask and

the fipeseie! ememsn ffayidfendipideilBedon@ollsyisEements M0R(sE. progaiimablees are wel |
known in the art for increasing the nunerical aperture of projection

syst ens. [Gﬂﬂsﬁr array)tdanrbe used fopnplying 8 padsrnie bgamiil§e dnwgeperak tha yi d
processing cel.l t al | ow i.nt eractions b e . Wi i lated parts
of the subsP[o_F]QPE O?él.l%_. Tay 9f 1 V%@?ﬁ%@%@%@cﬂe@ﬁ@ Hggl%ﬂﬁ)& {i%egldsubst rgte
or to sel eGtiMed ¥ groEdion seens Y0E aERwesdr! HCiiiRr@dtiveherafgdindnt adne) - ‘
Li t hographi c Projection Apparatus [0034] Figure 1 schematically depicts a

| i t hogr aphiacrapofindividugHy epsealiableslcnomts Hdaeaydicsgnnestediio 2pasdiiinient of t he
I nventi on. aratys 1 I ncl s at. | diati t 102,
array of i r?@e {;P Ql?&%o\)‘”gg‘?ﬁarcﬁmllé @sgﬁogﬁ%ﬁ{\gﬁﬁﬁﬁecg ﬁrgj%cé%rfsy?trgn%nl e 10%ln
(e.g., a 5%‘3?}&%&%@?&@; in@RSHAILP EHtRIRBIR BlemEhtLID4(art 8M$reledBR:

P- 1958. 010 1003 ation system 102 can be used for supplying a beam 110
of radi ati dype (t®., pave akéfleatveadrrayof indiiduslly contrlleblp glemients).ar case al so

Cont r dDVEI e ol SIHE BOIE RS Proyids i AT Fold8 moripecihedts |
shown) for holding a substrate 114 (e.g., a resist coated silicon wafer or glass
substrate) and object table 106 can be connected to a positioning device 116 for
accurately positioning substrate 114 with respect to projection system 108.

'[0038] Projection system 108 (e.g., a quartz and/or CaF2 lens system or a
catadioptric system comprising lens elements made from such materials, or a
mirror system) can be used for projecting the patterned beam received from a
beam splitter 118 onto a target portion 120 (e.g., one or more dies) of substrate
114. Projection system 108 may project an image of the array of individually
controllable elements 104 onto substrate 114. Alternatively, projection system
108 may project images of secondary sources for which the elements of the array
of individually controllable elements 104 act as shuttei's. Projection system 108
may also comprise a micro lens array (MLA) to form the secondary sources and
to project microspots onto substrate 114. |

[6039] Source 112 (e.g., an excimer laser) can produce a beam of radiation 122.
Beam 122 is fed into an illumination system (illuminator) 124, eithér directly or
after having traversed conditioning device 126, such as a beam expander 126, for
example. Illuminator 124 may comprise an adjusting device 128 for setting the-
outer and/or inner radial extent (commonly referred to as c-outer and o-inner,

respectively) of the intensity distribution in beam 122. In addition, iltuminator
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mrror array) can be used for applying a pattern to beam 110. In general,
the position of the array of individually controll able elenents 104 can be
fixed relative to projection system 108. However, in an alternative
arrangenment, an array of individually controllable elements 104 may be
connected to a positioning device (not shown) for accurately positioning
it with respect to projection systemi®t08. As here depicted, individually
control |l able elements 104 are of a reflective type (e.g., have a
r eL : ective mdreyl gehedatigindlutieataripuc other ainhpinksts sduehas bs Integk®OBYI0 Obj ect
tabl e 106 can be provided with_ a subsirate _hol der [(not ecificall shown
for hol di ngind & $BRdsNSeTe 1324 Tpethly way %?sltloc’é%ﬂ]’é@ggiqq n?Wha 81? o%/ gl ass :
substrate) . - Obi : N WeTa7 devi ce
116 for ac@%ﬁgh abz%%%tgﬁﬁlb%n%%ge@ggg?%gg grﬁ%ﬁéc\?\ﬁ?ﬁ% pectlrn%eggﬁr gj ection
syst em 108. di{t0R&dn iRrikjceedsisedtionyst em 108 (e.g., a quartz and/or CaF2 | ens
systemor a catadi Oﬁ{ﬁri C si/st_em conprising |lens el enents_made. from such

C

nat er i [8040] or a It shom anth regard od'igure d. thatsopresld 2 may e iy at t er ned

bear i ved. f . Lit i ..
one or o dEG PSR g TP bl APt P0G (35 Bftn BYGRAINIED L2 0.
i mage of t hguRE N 2Yisef mbdiMhnel Aot dkanplé)! LoAltepidiv e ehdoBinicts] Shrant o

substrate 114. AIternatlvteﬁlg, Eroj ection system 108 nmay project images of
secondary sld@mrysldodre rampteHIam dthegwmpbiemsojesticnrppanaiusyl 00dn thipeasei dual Iy

control | abl e,.el. enent s 4 act, as shut.ters. Projection may al so
conprise a rﬁ‘?lﬁ??}’nﬁe@ﬁélﬁ WQVH(WL%GC{% l?@rwmél%]s@@éﬁ%ar@lﬁg%ﬁ %:dé(g@and to
_proj ect m GLASNOERecHRb TifrBRY.! THE Rittddstendr¥s SferiBo baR Whid sdiftcdl 12 an exci ner
“laser) can produce a beam of radiation 122. Beam 122 is fed into an

i1 um nat i s asexcigror (lader.urt isatoobe apreeciated dhasrbogh o€ chasy seanarigs exer havi ng
traversed conditionj ng, device 12 such as a_ beam expander 126, for -
exanpl e. | ICPHWE?‘_E#W%@E%?OQBHEW%GS%t IYHOP ng device 128 for setting
the qphf and/ Mea QY subdudhilyeiticBtbts(thO BHRPbYinBRAGINI doftfblRBlea- Out er and
a-inner, ‘respectively) of the’intensity distribution in beam 122. In

addi tion, icldmemisi®daufter Brid®digecfitPusing beam splitter 118. Having been reflected
by the array of individually controllable elements 104, beam 110 passes through

projection system 108, which focuses beam 110 onto a target portion 120 of the
substrate 114,

[0042] With the aid of positioning device 116 (and optionally interferometric
measuring device 134 on a base plate 136 that receives interferometric beams 138
via beam splitter 140), substrate table 106 can be moved accurately, so as to
position different target portions 120 in the path of beam 110. Where used, the
positioning device for the array of individually controllable elements 104 can be
used to accurately correct the position of the array of individually controllable
elements 104 with respect to the path of beam 110, e.g., during a scan. In general,
movement of object table 106 is realized with the aid of a long-stroke module

| (course positioning) and a short-stroke module (fine positioning), which are not
explicitly depicted in Figure 1. A similar system may also be used to position the
array of individually controllable elements 104. It will be appreciated that beam
110 may alternatively/additionally be moveable, while object table 106 and/or the
array of individually controllable elements 104 may have a fixed position to

provide the required relative movement.
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--10-- 124 will generally include various other conponents, such as an
integrator 130 and a condenser 132. In this way, beam 110 inpinging on the
array of individually controllable elements 104 has a desired uniformty
and intensity distribution in its cross section. [0040] It should be
noted, with regard to Figure 1, that source 112 maybe within the housing
of lithographic projection apparatusJiOO (as is often the case when source
112 is a nercury lanmp, for exanple). In alternative enbodi nents, source
112 nepo43]so be Inenmattenbtivroohfigivatdpreqftheengodjreat isobstaptablaidGmap0. In this

case, radiatjion beam 122 d be directed into appa 10Q0.(e.g., with
the aid of bedy a‘B}ﬂés‘HﬁsFé@ﬁﬁKbmﬁgP}oﬁP goqqgﬁgbsprgﬁtéﬁei@é;@p?rgﬁpé often the
case when | Qo Mas=Ye il ARPEES gt ed t hat
bot h of thzggggﬁgégﬁagés&gr%g%ég ?@éﬂ%&}@?@%aﬁl{ﬂﬁpﬁe?ﬁg@go e of the present
i nventi on. jppedddst Bedire, 158 beingfedthemighythé openingspd praovive agas ayshidn

I ndividually controllable elenents 104 after, being .direct] usi ng beam

splitter 118hichgsgapgpleebwppertingsusratalld dusis F%VCBFO’PQ‘]Q?I? egfg'ém y
control | abl g ﬁ'ﬁfﬂ%&ﬁ@@@ﬁ%ﬂ@%@éﬁ% meg%q& st RhE IO oy St em 108,
ontto a arge 0

whi ch focuses beam portion 120 the substrate 114.

[ 00421 W't hisirpeord dr @lorpasiviatoddi(ng devind.ewhibh drandpsilé icfrmthmtely
interferonetric neasuri n?l device 134 on a base plate 136 that receives

i nt er f er onaositioninabstees ] 14/ with sespertstp|the path of heam 140y Altegralivelsip) e 106 can

be noved accur.ately, o ' l.ons 120 in
the path ofsugsé%?%’? {1%@“?1%%%8%%%%‘%?E%%Sg%{éﬁg@%?lﬁéﬁ?%\eglé%{av\gﬁi%a?ﬁ% e array of
i ndi vi dual Isyop@g{gtth@bhg@@éeea@agﬂﬁm@theﬁ &ifigshe used to accurately correct
the position of the array of indivi dua?l y controllable elements 104 with

respedf044) the psithough bithography aprargius 18uaccaning todhminventiopdnbersin - novenent
of 901 ect B0l chdendte R AbaSH b R OFoBhEhE'y il BB HAAEEE™ i o
?gepggit- y gﬁﬁ% i'rrllgéﬂtioYl iseRiiedied ﬂﬁﬁselah@aﬂpgm‘fussmm@meamed ®proesaal so be used
patterned beam 110 for use in resistless lithography.
[0045] The depicted apparatus 100 can be used in four preferred modes:
[0046] 1. Step mode: the entire pattern on the array of individually
controllable elements 104 is projected in one go (i.e., a single “flash™) onto a
target portion 120. Substréte table 106 is then moved in the X and/or y directions
to a different position for a different target portion 120 to be irradiated by
patterned beam 110. |
[0047] 2. Scanmode: essentially the same as step mode, except that a given
target portion 120 is not exposed in a single “flash.” Instead, the array of
individually controllable elements 104 is movable in a given direction (the so-
called “scan direction”, e.g., the y direction) with a speed v, so that patterned
beam 110 is caused to scan over the array of individually controllable elements
104. Concurrently, substrate table 106 is simultaneously moved in the same or
opposite direction at a speed V = My, in which M is the magnification of
projection system 108. In this manner, arelatively large target portion 120 canbe
exposed, without having to compromise on resolution,
{0048] 3. Pulse mode: the array of individually'controllable elerhents 104 is

kept essentially stationary and the entire pattern is projected onto a target portion
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array of individually controllable elenments 104. It wll be appreciated
that beam 110 may .alternatively/additionally be noveable, while object
table 106 and/or the array of individually controllable elenments 104 nay
have a fixed position.to provide the required relative novenent.

P-1958. 010 --11-- [0043] In an alternative configuration of the enbodi nent,
substrate table 106 nmay be fi xed, wirtl—-substrate 114 bei ng noveabl e over
substrate table 106. Were this is done, substrate table 106 is provided
with a nul t120udfesubdtraspehd ngisg pulsed fadation spgpen 102t Ssbetfasetablegld® ibei ng f ed

t hrough the openings to prqvide a gas cushjon. whigch is capabl e, of

support i ng Bavskwith an esentia MF%“SF@tER?ﬁgé?fi’i geitgrnedheapm L sgaused an o r
bearing arr i t : [ t 106 using
one. or mor o ALy Aie AU Gl . IRERRLn UChe MiZS rbEiRANg, |

posi ti oni ngcontibBiblakknkhts 104 i3 upelatedcis requitedebepadcdn milsdsasfimadibion
Alternatively, substrate 114 may be noved over substrate tghle 106 by

sel ect i vel ysystesy k02gd dhapulses gppitaed such thal sucsgwsivsrtarggiparip #fe openi ngs.
[ 00441 At hORLLA A} 110 ARRYOABBR RIS 130Gl haliBifiol BRIt 1 ON 1S
herein deséribed as i'ng YT exposing a resrst-on substrate, it wll be
appreci at edj 10hah scdrhgords’\sabitiabe1 15t0eXposd ik cetiplet: patiesn figa amslofppar at us
100 may be used to fro' ect a patterned beam 110 for use in resistless

| i t hogr aphysubstcate b} -Tﬂﬁe dEqsiess: i depgeprar il somplstecabstiate Id dchag hesour

preferred modes:, {004 1. Step node: the entire pattern on the array of

I ndi vi dual I?poscegr%{n?gﬂyﬁ%l& e elenents 104 is projected in one go (i.e., a

si ngl gobdddjash”) 4Hnt o @ontindbeicaPRibtié:QBschBally thehfhd Rpalstaldeedddpt i s then
moved 1 n the x and/or directions to a different position for a different -
target portthgin substamttal%esomtwda@ia@@n fyptenp H2 is uprstrngetherpatian opdls4 7] 2. Scan

de: lal Ly .th h |
por i on 120 ohpetaAE S Heras LR BRMed i Bhudn® Vb LT L) o

scans across substrate 114 and exposes it.

[0050] | Combinations and/or variations on the above described modes of use or
entirely different 'modes of use may also be employed. |

[0051} As discussed ébove, by adding additional small features, commonly
termed Optical Proximity Correction or OPC features, near to or in contact with
device features, the printed image on substrate 114 can be improved. Various
different forms of OPC features have been described. Example OPC features
include, but are not limited to, scattering bars, ladder bars, hammerheads, serifs,
etc., for use in different circumstances. For example, scattering bars can be used
so that the spatial frequencies of isolated or semi-isolated lines are nearer those of
dense lines in the same pattern, bringing the process windows for different
pitches in the same pattern closer together.

[0052] It should be noted that the term "OPC feature” is often used to encompass
correction features that are not intended to correct proximity effects and, unless
the context otherwise indicateé, the terms "Optical Proximity Correction
features," "OPC features,” and "correction features” should be regarded as
synonymous and intended to encompass all features that modify the develbped

image but are not themselves discernable in the developed image.
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i ndividually controll able elenents 104 is novable in a given direction (the
so- called "scan direction", e.g., the y direction) with a speed v, so that
patterned beam 110 is caused to scan over the array of individually
controll able elenments 104. Concurrently, substrate table 106 is _

si mul taneously noved in the sane or ogpposite direction at a speed V = M,
in which Mis the nagnification of "d?Uj ection system 108. In this manner,
a relatively large target portion 120 can be exposed, w thout having to
conpr O[I(fﬁr]s:ﬁ]l on lreIsisIguhd:ralllyaf@ﬁﬁ&heﬁ.thd?tﬂeiﬁ’@rfaﬁ&nesthansalvmﬂonbtp'n'nui vidual |y
controll able elements. 104 i s kept_essentially statignary a the entire
pattern is ipthsresstedhisis @laeweébygiak%ﬁlﬁq @h f@h@%%g@ Ean-ﬂg/’i‘?&?erﬁo of
substrate 4 I ne- nul diaty O 106 is
roved wi ¢ h b HEAHRLBEAAGCH] T SE D Miffac R S AN TR 100 1

caused to fagare, theldon@adhtd A scrBlibsdgedd eddddd. Theexpasuredoseand tebist ar ray of

I ndi vi dual | controllable elenments 104 i s updated as required between
pul ses of rtétfﬁléﬁlﬂ are they shesenisgzheffhe desired prighag fsadures ﬁé‘d%g%uéﬁ“?%at

successi ve target t e ' | i
cuberrat o At ARRToARRe M For i RARER B (kAR e REhEBEAT 0P, OF

114 to exp%ﬁeéﬂi@t}fé%ﬁélsf@iﬂ%@ﬂét)%i;ﬁbsfeﬂ{erasiﬁilﬁﬂt@h@@PCﬁB&tﬁiﬂB dbaotl14. The
process is repeated until conplete substrate 114 has been exposed |ine by

li ne. t [ O?ﬁgspowld beoated mW@Trébf&rin sroaecasesdbeQP Cdpatyres maydmfet @geglil se node
oattern on hegsStrGp R RIRLAR walie Ve PSR R et §C Todat e

as patterngge RgamM 110 scans across substrate 114 and exposes it. [0050] '
. Conbi nati ons and/or variations on the above described nodes of use or.

egt i r 09541i f f er dntn inbetsBy-cbniusst derige 1M swhish mawbleofpeexanpdn 8 Maskat di scussed
above, by adding additional small features,_.co | i erned tical
B oxi iy GVFBAERBIF rofocRes JTeu e ik B AR b eshBhe FomE,

and OPC features) are defined by having a different intensity level than the

background (e.g. dark features on a bright background) and an image of the

device is projected onto substrate 114. In one example, for maximum contrast the

dark features are completely dark, for example as is the case with a conventional

chrome on quartz mask.

Exemplary Contrast Device Including Print Features and Correction Features

[0055] Figure 2 depicts a part of a mask pattern generated by a method, according
to one embodiment of the present invention. In this embodiment, the correction
features are set at an intermediate intensity level, that is between the intensity
level of the printing features and the intensity level of the background. A dark L-
shaped printing feature 1 is set against a bright background or field. In one
example, printing feature 1 is completely dark, having a transmissivity,
reflectivity or emmissivity of about zero according to whether the contrast-device
is transmissive, reflective or self-emissive, or as dark as possible. At the same
time the bright background is as bright as possible, having a transmissivity,
reflectivity or emmissivity as high as possible. With dark features on a bright

background, a positive tone resist is used, that is a resist which is washed away in
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device features, the printed i mage on substrate 114 can be inproved.
Various different fornms of OPC features have been described. Exanple OPC
features include, but are not limted to, scattering bars, |adder bars,
hanmer heads, serifs, etc., for use in different circunstances. For
exanpl e, scattering bars can be used,,so that the spatial frequencies of

i sol ated or seni-isolated |ines are Mm&arer those of dense lines in the

same pattern, bringing the process w ndows for _different pitches in the
“same pat t erdevelopaient ngetlwms_be{mmped-tTl@mmtﬁnaltbée‘fﬁbtaé@rqmﬁﬁd tife term "OPC

feature" is _often used t.0 enc ass or ect i. f e not

i nt ended t &'B8Y 38 e.ISFIBt}JF‘ H?e{ayt%gﬁ‘ol? é’&%‘gﬁ%ﬁg}e r%ﬁﬁg%%gﬂ%é%?é%‘%pg%eﬁ%t herw se

i ndi cates, dniewhere 6 hasPdehCGibodRd OXihik,! i deREraE Ghrinfifig fé@ts!l @fay be' OPC
features," and "correction features” should be regarded as synonynous and
i nt ended t dlesntbedpabeingfi¢fifeddyareas of Hfarst intsabitylevel@geiasia bageggoundnage but are
not thensel ves di sce naFI e i.n the devel oped i mage. P-1958.010 --13-- [0053]
It is gener’dPSECONd BEBSPf¥EHt that the OPC features thensel ves do not print

in theosseyi St-  Thitkis! ntRERh&H Sehridns TRIes ¥ cohectidniCrchRddsure prévidd ficantly
smal l er 1| than the critical dinmension (CD). Thus, due to diffraction
around t he a@R@d priméing festure Heincbdingssatidrimgdnrs s §ahanimerheads $ andduced. The

exposure dose and..resist threshold t hen.chosen so t.hat. the desired

or nting § QR dr Rt 108 cophoRuEss AT BGnShED A1y OF APia ur o5, 1 or
exanp! ¢ MafiSrmXdidieidRhsin/ IO, i fs dlh@ARAeI A berdoBPds fiuddieodi el oped
resist) expose the resist, but the OPC féatures do not. It should be noted

however t hattensitydevats. danesxahpleQRE it dntomsity lensy is subftantiallyzemethe t he resi st

threshold but result in feajfures that are washed away.in devel opnent of
the resi st Seqondantengity Iﬁﬁelilﬁi@ﬁ‘sqsetgy»-ac’é‘m‘w HH%‘W'%’Z""T%E?T Wﬁr%wll%ybe, f or

R e et TR
di fferent iepampiss,ttie ihinddhtehsigrietddeay be set to any desired or convenient level
| between the first and second intensity levels, and different correction features
may have different intensity levels.
[0057] In one example, some correction features will have the same intensity
level as printing features 1. |
[0058] The correction features may also have either the same phase as the
printing features 1 or be out of phase. Out-of-phase correction features may be
described as being negative-gray. The option of adjusting the phase of the
correction features provides additional flexibility in providing correction features.
[0059] By defining the correction features with one or more intermediate
intensity levels, constraints on the dimensions of the correction features are
reduced or eliminated. If the intermediate intensity level is lower than the resist
threshold, i.e., not sufficient in the given exposure to develop the resist, the
correction features can be made as large as printing features 1. Even if the
intermediate intensity level is above the resist threshold, the correction feature
can be made larger than if it were defined at the same intensity level as printing
features, and still not be discernable in the developed image.
[0060] These scenarios discussed above are desirable for at least a few reasons.

Firstly, the relaxation or elimination of the constraints on the dimensions of the
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background (e.g. dark features on a bright background) and an image of the
device is projected onto substrate 114. In one exanple, for maxi num
contrast the dark features are conpletely dark, for exanple as is the case
with a conventional chronme on quartz mask. Exenplary Contrast Device

I ncluding Print Features and Correction Features [0055] Figure 2 depicts a
part of a nmask pattern generated by"?ﬁ5"n”et hod, according to one enbodi nent
of the present invention. In this enbodinent, the correction features are
set at an icotrecticedieatiieesicah aliews Yorgeaatdr, flaxitalityiin tivedestgmofidoettinmensi ty

| evel of the printing features and the intensity |evel ofthe background. A
dark L- shdpaureprwhich ¢rg allaws fore betiprend gesu gg?q?gfyﬂya&gﬁqré?ﬁcogg% ognd or
field. In | 0rd nt i : ' : aving a
transm ssi 3? y,eg@gﬁegﬁl%qo%é@?mm&%ﬁ vlfl%ég/(?{lga ulfet%%ﬁgggjclggﬁéai ng to

. whet her t heok@nt Tldgily, diexh egablé Sortectos feasséste be defined ot 4 programnsblel - eni ssi ve,
or as dark as possible. At the sanme tine the bright, background is as
bright as peYempedneanalaving aresolunensaapayahlyto the ertica Wﬁ‘%’&&“‘%ﬂm ssivity
as high as,possi bl ' features on a bright background, a positive
tone resi sth%i's§°t$§8‘§?u5¥¥1{é%nﬁjgggblfési st which is washed away in P-1958.010

- - 14- qo6iay el opmerieraMies&vetdl Wigs ip@aithakpestdtiod fatirad mag bt defidel s are
reversed if a negative tone resist is used, that is one where the resist

remai ns af tveth aeintsopdintetievebdependieg en the crpashdevicenssdsed. Thus, in

inting feat 1 ' ' ' b f
0 r T 3006t et df oh €GeS nioelitin e oIl aE oA uP EnBlaRF LARRR Y 2 252, ©
[0056) In fo@'g&&mgﬁﬂ Iﬂlﬁfhﬁtj?\éﬁﬁic@idﬁnﬁlﬂ@%, iffen€i6y ledlt.i Bor &eniplé,en are

provided around printing feature 1, including scattering bars 2 - 5,
hamrer head aréy afidifitactivedptical SYTEMBdevites (semetings refered 4¢ @8 aLrahing are defi ned

by areas of. a third, or. inter l.ate,. jnt.ensity |ev t 4§ an

intensity II@EY‘HB@F_@%‘g‘?fmteﬂ’éulﬁpfgesd?ﬁ%fﬁ’ﬂf1 %E%ﬁ' ev _%?cgﬂgﬂ%/tol ag%t&tfg. In an

exanpl e, tRe thd hitfvedti EBBOAY Spatitk Yebwssnbmb Al adndymaosable Fibibons
determines the proportion of the incident light directed into the zeroth and higher

order diffracted beams.

[0063] In one example, programmable f:atterning devices may be used in amode
in which a switching speed of the device is faster than the exposure time and/or
the scanning speed. In this example, a time duration a given element is "on" in an
exposure or its duty ratio determines a net intenisity level.

[00064] - In one example, an absorber thickness of a mask of or a multi-layer

thickness in a reflective mask may be varied to define different intensity levels.
Exemplary.Processes to Determine Correction Feature Parameters

[0065] Figures 3,4 and 5 depict methods of generating a mask pattern, according
to various embodiments of the present invention. These methods can be
performed in software, hardware, firmware, or the like, and combinations thereof,

[0066] Figure 3 shows an automated process used to determine appropriate
correction features to be applied to a given device pattern, according to one
embodiment of the present invention. A desired device pattern, which may also

include non-functional printing features, is input sl to an input device (not
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second intensity level is Imax (e.g., a maxinumintensity level for a
particular application) and the third intensity |level is approximtely 0.5
* Imax. In various exanples, the third intensity |evel naybe set to any
desired or convenient |level between the first and second intensity |evels,
~and different correction features have different intensity |evels.

[ 0057] In one exanple, sone correctioti features wll have the sane
intensity |level as printing features 1. [0058] The correction features may
al so have ashtvwex Rdiexsaple, fheasmitasvichean pe.ibut ismyt lisvtedtes netwprkbe out of

h . Qut - of -ph ti f eat b d I bed bei
hegat | ve- giEgHIHoRY bBrEnas CRITRILER TeA0AN SEHEE SR A CeBFFI | on
feat ures PraldGs: AdLLANAL 1 SXMelabhibpfifte RI-ANI SRt GaITbREs@N T eat ur es.

[ 0059] By Aing the correction features wi'th one or nore 1nternediate

i ntensity ligwgrsphicappatatisiant/or dmmihatial cvedisions) ss suppli¢tfremmastardgeon f eat ur es
are reduced or elimnated. If the i r}te_;med'%ate i anfFf}Sit | evel is |ower
than the r&8yise s, phichanay sioreja pluralityof dffgrent kerogls for g né?PPéﬁ‘ xposure to
develop th LSt the - 1 TRESnASin ge as
printing fg“é uf%dzltd t?&EvogﬁE%Jr?ﬁtéé %ﬁ%@%@ﬁl I nt g(r)\si ty | evglﬂ{ei s above the
resi st thr ephopdate tdoerection &einebacdoedibgrie inpetnpiyvemp@cerdlatingeto thvan if it

were defined at the sane intensity. |evel a _prgntt'hgl% fe tu(ies and still
not be di séppasaibs and/pr tliyanigating @aéalqnﬁ«a&é@ﬁﬁw ts| them geuvoluted #ithos di scussed
above are desi ‘o . . ' - Hi el axation or
o' nat | ofoBr iRl ARy iR 53 B R SO on fateR, bictfiffoet® T071 1 00
correctionghpad expRsuretsal vk dxamply; ertcorrettiomfedtites irythieprdjbdtiodesi gn of

‘correction features, which can allows for a better, end resulf. Secondly,
the | ar ger peitarnauay bave miapsity develpathabagaascerdmgtonsinnioadal (FePthsl t he mask

and nmaybe physical | s | ' . ction
Feat r oo t STBAMGRT oA HR P BE Shnrefhiied ¥y ooy A pERRLL RARR ST 1 2
resol uti on c6erTRae bk fesbitich 8nd Airhb&f avhi BRIty Wveklof the pattering

device used.

[0067] Figure 4 shows an automated process used to. determine appropriate
correction features to be applied to a given device pattern, according to one
embodiment of the present invention. | In Figure 4, first and second one-
dimensional kernels are supplied or generated in s2a and s2b and sequentially
convoluted with device pattern in multipliers s3a and s3b. In one example, the
one-dimensional kernels are orthogonal, e.g. one generates features in the X-
direction around lines extending in the Y direction and the other generates
features in the Y direction around lines extending in the X direction. In one
example, if a pattern contains only lines extending in one direction, it is possible
to use only a single one-dimensional kernel. |

[0068] In one example, the correction features may be inserted in arules-based or
model-based procedure. In a rules based procedure, at least one predetermined

 rule is used to determine the insertion of correction features. For example, arule
may take the form: ifa line is isolated, then insert a correction fgature on each
side of intensity I and having a width W at a distance D from the line. A model-

based approach uses one or more formulae to determine the intensity (and/or
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has not previously been possible. [0061] There are several ways in which
the correction features may be defined wth an internediate |evel,
dependi ng on the contrast device used. 10062] In one exanple, programable
patterning devices are inherently capable of producing a plurality, or a
continuumof, intensity |levels. For ﬁﬁarrpl e, an array of diffractive
optical MEMS devices (sonetinmes reférréd to as a grating |ight valve) can
define nultiple different intensity |levels according to a position of the
noveabl e rimbBesof a Grastiny fesdurakahe insestefl piagi vernepsitipnas b facHomefdhe

determ nes the oporti.on.of the incident light directed into the zeroth
and hi gher P/8¥ {ydg.%flfmﬂ%ifeé“ Blans. [0063] In one exanple, progranmable
patt erjpppsy devi qqgureayho% S gewicharh d¥pREngi & MEth6d aAccoviihgbnenspeed of the
device is faster Than the exposure tinme and/or the scanning speed. In this
exanpl e, a dmbodirdent af thepreseyl inwentiohe rethis embodonentj adduionaldegasaipe or its
duty ratio determ ne net intensity level .. [ 00641 | ne _exanpl e, an
absor ber t @Qﬂ@ﬁoﬂae‘gbﬁgﬂp‘lﬁsﬁgwé’¥r1lﬂfel"i”9‘ﬁlﬁ dPLengify @Kﬁecé’geftﬁo reflective
mask may bepyaidk eflcdRiddeld iR Hveh@se Allow of il ita&aﬁee/ai[)ﬁoaclﬁwm ary
Processes to Determ ne Correction Feature Paraneters 00651 Figures 3, 4
-and 5 depi ggenematitrooiSconfectiem frmatresngnatapasd k, panpwrdeyicapeterdihagOPCo vari ous

enbodi ments, of the present inventjon. These t hods can be erformed in
sof tware, HE#HREEARPLCH; 3ooiRding t%fﬂi%@)aﬁqc{épf T RCRe B s TORS cof 10066]

Figure 3 s TRt : g&l_& : r BaRPRIARAiLAL ©
correcti on%ﬁeﬁﬁ%lg’q%éﬁgggggg tg}hgggf%glrﬁﬁggglé’?é@glatteraﬁ, gccordi ng to
one enbodiapprvikimitionhelnpsiep ah2, simuintivh arf. anfexgbesire edingethe peojpetidner n, whi ch
may al so include nagn-functional inti f eat , 1S 1 t sl t [ t
devi ce ( notPatemIneRTiel oit. 1n gp s Lh i Amuiated IegRH SmPRRS 1P AS6H Moy co can'
be, but is 1&8% | 'I{‘p%t%)d si® 2@ fb‘?ﬁffﬁkhn ik Hhide € %o Whether GREGEsulOfs @
conputer-rea %Ie_s rage fredi um correction

satisfactory. If yes, in step 516 an exposure(s) is (are) performed. Ifthe simulated

exposure is not considered satisfactory, in step s15 the OPC features are adjusted
and the process returns to step s12 to repeat the simulation, comparison and
determination steps are repeated.

[0070] In one example, the cycle is repeated until a desired quality of image is
achieved or for a predetermined number of cycles.

[0071] In various examples, the adjustment step s15 of the OPC features may be
rules-based, predetermined or based on the simulation results.

[0072] In one example, the simulation and comparison results are used to
calculate a correction kernel, which is applied to the pattern produced by the
previous iteration.

[0073} In one example, the initial application of OPC features step s11 may be
omitted and the cycle begins with a simulated exposure.

[0074] In one example, results of actual exposures may be used in place of the
simulated exposures.

[0075] The basic criterion for determining whether the mask image is suitable for
use is that its simulated image is as close as possible to the desired pattern to be
printed, i.e., deviation from the desired paitern is minimized. Deviation may be

measured in any convenient or suitable way, for example by the sum over all
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kernel, which is determined to generate appropriate spatial frequencies for
a given lithographic apparatus and/or illum nation conditions, is supplied
froma storage device s2, which may store a plurality of different kernels
for different apparatus and/or conditions, or the kernel is generated by
an algorithmfor determ ning the agﬁggpriate correction kernel according
to input paraneters relating to the "apparatus and/or illum nation

conditions. The kernel is then conyvol uted V}Jéklh devi.ce l(;S)&teter.n sl in a
mul ti pl i er Pi%ely of Jrendiffarcace behwsen dhe sanappraidhe intgpitiss elsthgdediredqyr i ng
exposure(s) the correction features in the projection
pattern mfaﬁé‘&eah?rg?ﬁgﬁt%%gﬁlg\%?s that vary according to sinusoidal or

ot her snooth curves, which may be approxi mated as cl osely as possible
within the confines of the resolution and nunber of available intensity

| evel s of t Hxepwlarg Copguteasyste® used. [0067] Figure 4 shows an aut onat ed
process used to determ ne appropriate correction features to be applied to
a given device pattern, according to one enbodinment of the present
inventip@rs] | N Fimidheocssel bf the irdRati G Behefilifg pjdtaos hartuhs, Waethel s are
supplied or generated in s2a and s2b and sequentially convoluted with

devi ce pat tsingle step afiiterapve, anay baeffenied! Rzepmpuieraiegiansiphieh mayde

one-di mensi onal .kernel s .are. ont hogonal s e _ge t eat.ures in the
X- directi Wq%PotlYn o %é@e(g% g‘r‘fcﬁrﬁﬂl Ws[uﬁgl%?pg%nérg q@é’l%ﬁgﬁeh@got her
generates ckeakddl @Sl Buitdhee CoriutQCwhRRA nefyded Adtahii AGeRMelRBEE i@t o the X
direction. In one eXxanple, if a pattern contains only lines extending in

one di r ect itlmgonitol systepoet bthegrapbicapparats.y The piogrims maebastpdononal ker nel .

[-0068] In one.exanple, the rrection features nmayvhe.inserted, in a
rul es- basec?‘“g"’rb?e 6 ugaﬁﬁgaéi&g%r Sgoé'%ﬁ?r &nedia, aﬁdr%wg}igﬁie%?’ebr%lété‘%]ﬁr e, at |east
one predet gpiGshatibtt Retivsrkdsed to determine the insertion of correction

features. For exanple, a rule may take the form if a line is isolated,
then 0@t a cFiGaciliusmatéseat enampdncamzmiter syitete 660, inmtacisthe preserdind havi ng a

wdth Wat .a di.stance.D fromthe |line. A podel - sed apprach _uses one or
mor e or muiBENtYN OLEIHP alepwéaﬁﬁ?@ﬂgtﬂ-va{%f?m?- atious ShBodiments

of the invention are described in terms of this example computer system 600.

[

After reading this description, it will become apparent to a person skilled in the
relevant art how to implement the invention using other computer systems and/or
computer architectures.

[0078] The computer system 600 includes one or more processors, such as
processor 604. Processor 604 can be a special purpose or a general purpose
digital signal processor. The processor 604 is connectéd to a communication
infrastructure 606 (for example, a bus or network). Various software
implementations are described in terms of this exemplary computer system. After '
reading this description, it will become apparent to a person skilled in the relevant
art how to implement the invention using other computer systems and/or
computer architectures.

[0079] Computer system 600 also includes a main memory 608, preferably
random access memory (RAM), and may also include a secondary memory 610.
The secondary memory 610 may include, for example, a hard disk drive 612
and/or a removable storage drive 614, representing a floppy disk drive, a

magnetic tape drive, an optical disk drive, etc. The removable storage drive 614
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P-1958. 010 --17-- phase) of a correction feature to be inserted at a given
position as a function of the proximty of printing features. [0069]
Figure shows a flowchart depicting a nmethod, according to one enbodinent
of the present invention. In this enbodinent, additional degrees of
freedom provided by the possibility of internediate intensity |evel
correction features according to tkhd%-nvention allow for an iterative
approach to the generation of correction features. Instep sl 1, an input

devi ce pat t,@5dy fhas akdPsr whiraiod Rmoalt stetige atc®Isdhagvellknewnaaserbased or
predeterm ned procedure. These may be grayscale, i.e., having internediate
i ntensity | Bembyablostomgeamjt 6k3, sepresentsiafloppapsiiviomagmetie fape) epticplep s12,

Totep 513, St BRFHER R ARl Bhol il Bl BB 12, K88t ©l O
s14, a det efMiAddifeY, | the FeBvaite k@radeeidies18 hehidsu tomputes agabf actory. |f

yes, in step sI'6 an exposure(s) is (are) perforned. 1f the simulated
exposur e i sstorege modisindwving stered dfesein epmputpmsodivase andior ¢asa.OPC f eat ures are

adjusted and t t .t t 12 . Loul ati
conpar [io%(ﬂ_ and r}g gﬁé‘?l%&%ﬁpﬁqﬁéﬁ%&ggﬁ@%ﬁ@%ggpt@%y 67s %ﬁntc{ﬁﬁe %lhglu e>6<1 21 Irrg Ine ,
the cycle 'ﬁnflﬁlﬁ}ﬁ;‘@a‘iﬁggorﬂm bvhngaclo?lrﬁﬁkérgg) i drlothe? instiiBEShs'tS be Radddeved or for

a predetern ne u of cycles. | I n various exanples, the
adj ust nent istoepnpier eystérh SOOPRudlamtans emyriaglivde, fongdxemplageemoygbledet er mi ned

and compar SR BULF L 8 taetios B20.cHFEHS & B ERPRLPRE bS] | wini ch i s
DO O LG SR e R i aaeo BT |1 o
and the cydeeicbggianemoivhisie amemony eltip dsweshpass em EPROBI 41 PROMeandxanypl e,
results of a?é:(}clija?éd seo)é gt? %Irlg %ch‘%%'er?lgvaﬁg (sjtmi'arée %lm (s: %28]‘311:[:1 hl(ralterfaces 620
which allow software and data to be transferred from the removable storage unit
. 622 to computer system 600.

[0081] Computer system 600 may also include a communications interface 624.
Communications interface 624 allows software and data to be transferred between
computer system 600 and external devices. Examples of communications
interface 624 may include a modem, a network interface (such as an Ethernet
card), a communications port, a PCMCIA slot and card, etc. Software and data
transferred via communications interface 624 are in the form of signals 628 which
may be electronic, electromagnetic, optical or other signals capable of being
received by communications interface 624. These signals 628 are provided to
communications interface 624 via a communications path 626. Communications
path 626 carries signals 628 and may be implemented using wire or cable, fiber
optics, a phone line, a cellular phone link, an radio frequency (RF) link and other
communications channels. _

[0082] In this document, the terms “computer program medium” and “computer
usable medium™ are used to genefally refer to media such as removable storage
drive 614, a hard disk installed in hard disk drive 612, and signals 628. Computer

program medium and computer usable medium can also refer to memories, such

as main memory 608 and secondary memory 610, that can be memory
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si mul at ed exposures. [0075] The basic criterion for determ ning whether the
.mask image is suitable for wuse is that its sinmulated image is as cl ose as

possible to the desired pattern to be printed, i.e., deviation fromthe
desired pattern is mnimzed. Deviation maybe neasured in any conveni ent
or suitable way, for exanple by the sumover all P-1958.010 pixels of the

di fference between the squares of théfi-ntensities of the desired pattern
and the projected i mage. Exenplary Conputer System (0076] The processes of
t he i nvent i@midopdu@eraedl aignahiejretdond Acdesd ermdsy (DRAM)eetc.)Sihesg e st ep of
Iterative, may be effected by computer prograns which may be witten by

t hose ski | |computer prrgram productsaye meaAns S5 Peovidiag sehvaraty cormyEagsteahd  execut ed
on any suitahl e conputer, which maybe a stand-al one device or part of the
control systemof a |ithographic apparatus. The prograns nmay be stored on
sui t abjpggzjonmput Qﬂomﬁﬁéaﬁﬂo?ra?ﬁﬁﬁfaﬁﬁfbaﬂ&ﬂb@n béans odit este Quored BUi t abl e
communi cat'i ons networks. [0077] FIG 6 illustrates an exanpl e _conputer

syst em 600, mdin nviniark 60% andjerssemndaryimeneonyiodf. Cemphist PiograsFeRRYRAIsOa s

conput er-rebadabl.e'code. Vari ous eqb di g{t l?f the[ i nventi o re descri bed
' Cerms ofbturrlvedyansimmipicaiohs etacedleSyer Compllie' BRI <
descri pti onyehitedVchiblO@eRBRpARPGLRAL 660%&’111?@51%9%@ bidst@Ghientisha rel evant

art how to I nplenent the inventi'on using other conputer systens and/or
conput er ardiseussed thareirs . In[ @@i@]ar;Tthe compyter progeyes, sihes 6geduted) ewble one or nore

processors,_ such as ocessor 4. ProcessqQr 604 can be a special purpose
or a gener 4e Bﬁg’pﬁsagléﬁ@{ﬁoglmpszm@? £row%£3%qpre IYeBuL SBE Foa i s
connect ed 18 AEAMTHUHCRIMAR eldnfrhisdn s steh W08, £0&pidial b FRIRk Cand? bus or
network). Various software inplenentations are gescrl ed internms of this

exenpl ary opemtibes disymsseeias exdmglary opemtiompfisysten 4@@ ghovptas depicted inwi | | becone

apparent tq.a persop skilled in the rel evant .
PP Figurgs 3-3. Accordingly, such computer programs represent controlling systems

of the computer system 600. Where the invention is implemented using software, -
the software may be stored in a computer program product and loaded into
computer system 600 using removable storage drive 614, hard drive 612 or
communications interface 624.
[0084] The invention is also directed to computer products (also called computer
program products) comprising software stored on any computer useable medium.
Such software, when executed in one or more data processing device, causes the
data processing device(s) to operation as described herein. Embodiments of the
invention employ any computer useable or readable medium, known now or in
the future. Examples of coniputer useable mediums include, but are not limited
to, primary storage devices (e.g., any type of random access memory), secondary
storage devices (e.g., hard drives, floppy disks, CD ROMS, ZIP disks, tapes,
magnetic storage devices, 'optical storage devices, MEMS, nanotechnological
storage device, etc.), and communication mediums (e.g., wired and wireless
communications netwbrks, local area networks, wide area networks, intranets,
etc.). It is to be appreciated that the embodiments described herein can be

implemented using software, hardware, firmware, or combinations thereof.
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art how to inplenent the invention using other conputer systens and/or
conputer architectures. [0079] Conputer system 600 al so includes a nmain
menory .608, preferably random access nenory (RAM, and may al so include a
secondary nenory 610. The secondary nenory 610 may include, for exanple, a
hard disk drive 612 and/or a reanagle storage drive 614, representing a
floppy disk drive, a nmagnetic tape }ﬁve an optical disk drive, etc. The
renovabl e storage drive 614 P-1958.010 19-- reads fromand/or wites to a
renovabl e storage unit 618 in a well known manner. Renopvabl e storage unit

. 618, repregﬁﬂkﬁ{ﬁ)floppy di sk, magnetic tape, optical disk, etc. which is
read by an en to by reanabIe storage drive 614. As mnll be

appreci ated, the renovable storage unit 618 includes a conputer usable

st or ade08di um Hﬁhllmgarmtuer:mtjodhhenslorﬁtlm@mwnﬁnvmbnhm@eamdﬁsgﬂb%t a. [00801

In alternatlve | ons menor ncl ude ot her

simlar nmedieVeds avIHEWH rﬁtﬁﬂ%ﬂ’% %E ﬁ%pﬁﬁg%?%'@’rw?yn%tjteﬁmpons to be
| oaded int RPN xanpl e, a
removabl e 0911 r&g@g&ﬁ{ﬁl@f%guz ang ﬁﬁlegﬁfg E%OG'ZO.H%%{;“W%%??%?agucgprreans

may i ncl udeh:a vaﬁbmsgﬂﬁ:ﬁgesantfomﬂgmd detail can be imide thentin mithout quﬁ:ngas t hat

found in video gane, devices), a, renpvable chi uch an EPROM
or PROV) adtpm ﬂ%es%’@'ﬂa%“é‘cfcgﬁfc?fébe inygRtign: hLhus, garﬂﬂémgq éﬁ”ﬁﬁ@f its 622 and
i nterfaces . fromthe
removabl e éfégggﬁﬁﬁﬁp?9&%@%&@%@%@%&&bggﬂ%gg%gﬁ%gggﬁm%%%gé%éﬁlﬁghter system
600 may al smbodizhede bat shonldbe defiddonty ih adcordancewiiiRthe folloswimgelaiosst | ons
interface 624 allows software and data to be transferred between conputer
syst em 600 2adhéheisquivalintsdevi ces. Exanpl es of communications ‘interface 624
may include a nbdem a network interface (such as an Ethernet card), a
communi cations port, a PCMCI'A slot and card, etc. Software and data
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transferred via conmuni cations interface 624 are in the formof signals 628
which may be el ectronic, electronagqgch, optical or other signals capable
of being received by comunications Tfiterface 624. These signals 628 are
provided to comunications interface 624 via a communi cations path 626.
Communi cations__path 626 carries signals 628 and may be inpl enmented using
wire or cabl VHATHSCLABMEBRLS: 53 phone |ine, a cellular phone link, an radio
frequency (RF) link and other comrunications channels. 10082] In this
docunent, the terris "conputhed of pagraingnediskiphttantcohgeixingt er  usabl e nmedi unt
are used to generally refer to nmedia such as renovable storage drive 614,
a hard disk installed i@ TssHangR dRicehaliamegrescaiRg QK HI0E FOEIS Eynput er
progran1nediqgk%%gﬁconputer usabl e nmedium can also refer to nenories, such
as nmain nenory and secondary nmenory 610, that can be nenory P-1958.010
--20-- sem conductors (6. genetutidy ntaeintask apactefn asogiingrerosne (DRékY , etc.)
These conputer progrﬁgbggoducts are neans, for, providing software to

conput er systieyreshom 5P peldsrp heape pHesyingnstylayc azainsf ¢ taskeewpit er

control 1ogi ‘})avxrﬁg% ﬁ%@é?@gﬁsﬂg 1R !ahc‘fﬁ’f%%%’/qn%%@g@&%’n%atﬁn%%%ﬂgra¥hi mory 610.

Conput er progra e’ receive Auni cat i ons rnterface 624.

Such conput erntpi@r l@vd, thehdird iawxasivt &del Beapiberids thempitaid systicem 600 to
i npl ement the present invention as discussed herein. In particular, the
conput er pr odilamdly I6iessn execut ed, enable the processor 604 to inplement

: : ted, ensbl or 604 1
el amonts i n Syt oWEO0: R (TR AP ePHEMER uRRSE kM SRR Olstea

as exenpl ary copedthikensl, Wfhefeiis tLMc 23R Q¥@el i Gerthdi fEdre thel rsulfsiogur es 3- 5.
Accordi ngly, such conputer prograns represent controlling systems of the

conput er syst em 66Muliimera aehal inrage that oveuidsbe prpdeasd snadojedtionpidles t war e,

t he softwaremné%l\{plaa erﬁﬁnoéﬁ%ofgr%pﬁic%?ggc fo%rap érgt%g;am product and | oaded into

comparing the simulated aerial image to the device pattern; and
modifying the mask pattern so that a modified aerial image of the

modified mask pattern more closely resembles the device pattern.

2. A device manufacturing method, comprising:
(a) receiving a device pattern representing features to be pfinted;
(b) generating a mask pattern comprising device features having a
first intensity level against a background having a second intensity level and at
least one correction feature having a third intensity level, the third intensity level
being between the first and second intensity levels;
(c) using a patterning array of individually controllable elements to
spatially modulate a beam according to the mask pattern; and
(d) projecting the patterned beam of radiation onto a target portion
of a substrate;
wherein step (b) comprises (b1} convoluting the device pattern with a
correction kernel, wherein said correction kernel is derived from the results of
simulating an aerial image that would be produced on projection of the
mask pattern in a lithographic projection apparatus;

comparing the simulated aerial image to the device pattern; and



conput er system 600 using renovabl e storage drive 614, hard drive 612 or
comuni cations interface 624. [0084] The invention is also directed to
conput er products (also called conputer program products) conprising
software stored on any conputer useable medium Such software, when
executed in one or nore data processing device, causes the data processing
devi ce(s) to operation as described heei n. Enbodi nents of the invention
enpl oy any conputer useable or readable nmedium known now or in the
future. Exanples of comfmdﬁ@fngu'ﬁﬁabﬂl@aﬁa@usumthmutftba,aemmmagea)ﬂmm l'imted
to, primary storage devices (e.g., e of random access nenory),
secondary st@@@@lﬁéﬂﬁ@&m@m@cmsh}é{ﬂ@ﬁeﬁ%’i) dlee devicgglierdi sks, CD ROVB, ZI P
di sks, tapes, magnetic storage devices, optical storage devi ces, MEMS5,
nanot echnol ogi cal storage device, etc. ), and comruni cati on nmedi uns (e.qg.,

wired and wrel esg. comunh&Réd enslaiet2Veitesoin HRC adreRtieR ke k& W de area
networks, intranets, etc.). It is to be appreciated that the enbodi nents

descri bed hedihensisanl. be i npl enented using software, hardware, firmiare, or
conbi nati ons thereof. P-1958.010 --21-- Conclusion [00851 While various
enbodi mrents of the present invention have been described above, it should

be understood. that thgyehRMBod6£0IalhSS&ite@dn e VEYec@bn QXaEDPELOnON! Y, and
hot limtation. It will be apparent to persons skilled in the relevant art

that vari ous dohensymel dnd stapr () &nthedemeirisegan be made therein wit hout
departing fromthe spifi.t an e t he inven the breadth
and scope of the presél?#t) QOH\V&HF ﬁh ﬁ%vd‘fed hﬂ?rﬁe?oé‘ Wegm/n of the
above- descr | hedcEHRABI A on BARANEHRISchg BeluimbRsA i bRtk y i 1

accordance with the following clains and their equival en P-1958. 010
VWHAT | S CLAI kEedtisn kernel.

5. A method according to any one of the preceding claims, wherein
the generating comprises inserting correction features according to at least one

predetermined rule.

6. A method according to any one of the preceding claims, wherein
step (b} comprises:
inser'ﬁng correction features based on correlating intensity of the

correction feature to proximity of printing features.

7. A method according to any one of the preceding claims, further
comprising:
generating a data file formatted to be used in control of a

programmable patterning array to impart the mask pattern to a beam.

8. A method according to any one of the preceding claims, further
comprising:

generating, based on the results of step (d), a correction kernel; and



1. A nethod of generating a mask pattern, conprising: (a) receiving a
device pattern representing one or nore features to be printed; (b)
generating the mask pattern conprising the one or nore features fromthe
device pattern having a first intensity |evel against a background having
a second intensity level and at | east one correction feature having a third
intensity level, the third intensity -t%kvel being between the first and
second intensity levels; wherein step (b) conprises (bl) convoluting the
device pattern with a coevdl@digithnmbespagtein wited &irfecion kbreditd @aibtagn kernel is
derived fromthe results of simulating an aerial inmage that would be
produced on phojedificd mask patkEn. nmask pattern in a |ithographic projection
apparatus; conparing the sinulated aerial inage to the device pattern; and
nodi fying the mask pattern so that a nodified aerial inmage of the nodified

mask pattern nore9cl osel methes asoldisg tohay dethe ecpdihg elalins, heirtaid ce
manuf acturing nethod, conprising: (a) receiving a device pattern
repr esent i ng SkpafisEBulping somprmage gad madifyigermse encalgd £ PedReinedker n

conpri sing d?ﬁﬂn%gr éfe[?n%éér es having a first intensity |evel against a
background having a second intensity level and at |east one correction

feature having a third intensity level, the third intensity |level being
between the first and second intensity levels; (c) using a patterning array
of individually cdftr ol mpthed atcerding o anp onsplthe plepsdingpdaiimgs wherebeam

according to _t.he mask .pattern; and (d roj-ecting the . pat.tern eam of
adi ati on ontgoePar Ul THbRE srRnt B BTG R tsdR LT R 8 Conpr i ses
(bl) convol uthd@nigaeing eviekey @??éd@treﬂniﬂeahn@shoﬁprrecti on kernel, wherein said
correction kernel is derived fromthe results of sinulating an aeri al

i mge that woul d be produced on projection of the

11. A computer program comprising program code means that, when
executed on a computer system instructs a system to carry out the steps according

to any one of claims 1 to 10.

12. A computer readable storage medium having recorded thereon
program code means that, when executed on a computer system instructs

a system to carry out the steps according to any one of claims I to 10.

13. A lithographic apparatus, comprising:

an illumination system that supplies a beam of radiation;

a patterning array of individually controllable elements that
spattally modulate the beam;

a projection system that projects the patterned beam onto a target
portion of a substrate; and |

a controller that controls the patterning array of individually
controllable elements so that its elements adopt states representing a projection
pattern, the projection pattern comprising a convolution of a device pattern and a

correction kernel;




mask pattern in a |lithographic projection apparatus; conparing the

sinmul ated aerial inmage to the device pattern; and _ 23  nodifying the
mask pattern so that a nodified aerial inmage of the nodified mask pattern
nore closely resenbl es the device pattern. 3. The method of claim 2,
wherein the correction kernel is two dinensional. 4. The nethod of claim
2, wherein the correction kernel is omd- di mensional and step (b) further
conprises: (b2) convoluting the device pattern with a second correction
kernel , the secondvlessin detdoatiolkeraeivebdhtagepraenthdrdn sievivapatendamt t hogonal
to the correctiqgn kernel. 5. A nethod according to any one of . the

precedi ng cl &PREOUIGHBCEKice pafteryaittha 9TRptien kel Bdeiek@it GHGCEdt r ect i on
features accg&ﬁkpgcﬁﬁv%frﬁggagmgﬂgofpredeternined rule. 6. A nethod
according to any one o % e preceding clainms, wherein step (b) conprises:

i nserting correctishiulbea! A fsiabiased len weald & poingdioatesistdon fihd he
correction feature to proximty of printing features. 7. A nmethod according
to any one ofask@atteradedlithgempbichsoicstipntapparatuSonpri si ng: generating a data

file formatted to be used in control of a..progra | e terni,ng array to .
inpart the mask patter ﬁo?Baréngotggﬁlnn_wé?teéAaer{@% ﬁ%@gé%g%?cgiwﬁ‘é%%ger%naﬁdone of the
precedi ng cl ai ms, furt AedifyRRARS maditcBn Ak hiddifiddasesl iRAgd dfend esul t s of
step (d), a correction kernel; and --24-- convoluting the nask pattern with

a correcti on nkashiisd mask naetemrmerns closely resembles the device pattern....

14.  The apparatus of claim 13, wherein the controller convolutes the

device pattern with a two dimensional form of the correction kernel.

15. Anapparatus according to either claim 13 6r claim 14, wherein the
controller convolutes the device pattern with a one dimensional form of the
correction kernel to generate an intermediate pattern and then convolutes the
intermediate pattern with a second one dimensional correction kernel to generate

the patterned beam.

16.  Anapparatus according to any one of claims 13 to 15, wherein the
patterning array of individually controllable elements modulates the beam with a

pattern having three or more intensity levels.

17.  The apparatus of claim 16, wherein the correction kernel generates
correction features having at least one intensity level intermediate of a high and a

low intensity level of the device pattern.




the nodified mask pattern. 9. A nmethod according to any of the preceding
clains, wherein said steps of sinulating, conparing and.nodifying are
repeated a predeterm ned nunber of tinmes. 10. A nethod according to any
one of the preceding clains, wherein said steps of sinulating, conparing
and nodifying are repeated until a rggult of the conparing is below a
predeterm ned threshold. 11. A conpufér program conpri sing program code
means that, when executed on a_conputer systeminstructs a systemto carry
out the st efd THOGRARFIG ABRRMEUS; MEXHRDL ANDIEOVRORER mput er
readabl e st or agpROMGRAMBRIODUGETHFORIGENERANTING yMASKde means that,
when execut ed { . ry out the
st eps accordiA%Q¥®E§ﬁgegsgig?¥§£§§§¥ﬂ§§g§z%@?Tﬂ%gﬁéiﬁﬁpﬁﬁggggphic
apparatus, conprising: an illu G emthat supplies a beam of

radi ation; a patterning array of individually controllable el enents that
spatially nodul ate the beam a projection systemthat projects the
patterned beamonto a target ortion of a substrate; and a controller that
controls the patterni n@J}éJTBﬁ(BT OFAHEDISCLOSURE ol | abl e el enents so
that its elements adopt states representing a projection pattern, the
projection pattern conprising a convolution of a device pattern and a
correction kernel; 6 --25-- wherein the controller receives data
representing thémpehleddpnt Braximity Coomvtidnudayicet faaturbs\are ed¢editoar n and t he
correction keLneI wherein fajd orrecti kern&Jaigmggrived fromthe

resul ts of mask pattem by convoluting the device Fatures Wi imenstonal
correction kernel or two one-dimensional correction kemels to generate grayscale
OPC features. The resulting pattern may be used in a projection lithography
apparatus having a programmable patterning means that is adapted to generate
three or more intensity levels. An iterative process of simulating an aerial image
that would be produced by the pattern, comparing the simulation to the desired

pattern, and adjusting the OPC features may be used to generate an optimum

pattern for projection

Figure 2
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sinmul ating an aerial imge that woul d be produced on projection of the
mask pattern in a |ithographic projection apparatus; conparing the

sinmul ated aerial image to the deVICﬁdP ttern; and nodifying the mask
pattern so that a nodified aerial g@ of the nodified mask pattern nore
closely resenbl es the device pattern.... 14. The apparatus of claim 13,
wherein the control |l er convolutes the deV|ce pattern with a two

di mensi onal formof the correction kernel. 15. An apparatus according to
either claim 13 or claim 14, wherein the controller convolutes the device
pattern with a one dinensional formof the correction kernel to generate
an internediate pattern and then convolutes the internediate pattern with
a second one dinmensional correction kernel to generate the patterned beam
16. An apparatus according to any one of clainms 13 to 15ipowherein the
patterning array of individually controll able el enents dul ates the beam
wth a pattern having three or nore intensity |evels. E; The appar at us of
claim 16, wherein the correction kernel generates correction features
having at | east one intensity level internmediate of a high and a |ow
intensity level of the device pattern. LI THOGRAPH APPARATUS, NMETHOD, AND
COVPUTER PROGRAM PRODUCT FOR GENERATI NG A MASK~PATTERN AND DEVI CE
MANUFACTURI NG METHOD USI NG SAME ABSTRACT OF THE Pl SCLOSURE G ayscal e
Optical Proximty Correction device featuresgare—added to a mask pattern
by convoluting the device features with a tw}éﬁlnen5|onal correction
kernel or two one-di nensit@@al correction ker 9 to generate grayscale OPC

f eat ures. Ihe_LgsuLLLng_deLELn_nn¥\be used [ n a projection lithography
apparatﬁs haMQn a programrabl e patt'erning neans that is adapted to
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three or nore intensity levels. An iterative process of simulating an
aerial imge that would be produced by the pattern
sinmulation to the desired pattern, 3@%
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