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Zeger TROOST Johannes Jacobus Mat heus BASELMANS Karel Diederick VAN DER
MAST Background of the Invention Fi eI d of t he I nvention [0001] The present

i nvention rel rating a
mask pattern, fgﬁgﬁ@ﬂrﬁmf‘ggﬁ Q@n&&ﬁﬁoﬁggm st or age
nmedi um st ori ng aPROGRAM FRQENIE F%QEMEIR@’EIN@A MASK ed Art [0002] A
l'i t hographi c appATTRRN ANDMEWMIGE MANGEPAIC FYRINIEMBIHEIDtern onto a
target portion of a substrate. lT?SiN g MEhI c apparatus can be used, for
exanpl e, in the manufacture of egrate Circuits (1Cs), flat panel

di spl ays, and other devices i nvoI ving fine structures. In a conventi onal

I ithographic apparatus, a patterning neans, which is alternatively referred

to as a nmask or a re_tig&g tolRY Rgl_s%egg i‘ﬁw rate a circuit pattern
at :

corresponding to an in qual é B ice), and this
pattern can be inaged onto a tar us g part of one
or several dies) on a substrate reé ledsrl%lﬂ r glass plate) that
has a | ayer of radiation-sensitive materi al (eg , reS|st). Instead of a
mask, the patterning neans nmay conprise an array of individually

controll able elenents that ! i attern. [0003] In general,
a single substrate wll con%%%%gﬁﬁq&zmgﬁ&%i%gem target portions that
are successively exposed. Known lithographic apparatus include steppers, in
whi ch each tar ortlon is irradiated by exposing an entire pattern onto
t he target pE‘F?quﬁ ¢ HV8R&™o, and scanners, in which each target portion is
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[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 onto a
target portion of a substrate. The lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs), flat panel displays, and
other devices involving fine structures. In a conventional lithographic apparatus,
a patterning means, which is alternatively referred to as a mask or 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 controllable
elements that generate the circuit pattern.

[0003] In general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known lithographic apparatus include
steppers, in which each target portion is irradiated by exposing an entire pattern

onto the target portion in one go, and scanners, in which each target portion is
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irradi ated by scanning the pattern through the beamin a given direction
(the ™"scanning" direction), while synchronously scanning the substrate
parallel or anti-parallel to this direction. [0004] In projection
lithography the image printed on a substrate can be inproved by adding
optical proximty correction (OPC) feapures to the desired pattern. The OPC
features are intended not to appear in the devel oped i mage thensel ves, but

to affect the of the patte at u 0.t hat when,.de ed the
pattern feamﬁbai%e? @8 tﬁ?é’a{t?{gt @Z%%aaﬁg}ﬁgwﬁ?eg} nggngﬁgo be used
to bring the“scpifg®sgirs¥tiody Wehiff syfn@%idé\ﬁ?' §danflinftBE eibstited ﬁd}@ﬁelc‘droser
together to enabl e features of several ifferent pitches to be printed in a

singl e expos¥ttiepardhdlm thiydisection. OPC features include scattering bars,

oot o nlIBRATT® L e Afirafon Wfak ¢ Bieghunter b8 b ARG e e fpre e ce o

prevent the Sﬁfadﬁ@gaéwce]spraﬁﬁﬂ@rdoﬂgcﬁdh (OPe) davatoRak: ddertd Sitem. tihey ar e ’rade

sub-resol ution. For exanple, the OPC features are nmade to have a width |ess
than a wavel @B@tfhatmfes elsqootgud@i R appicaninitie ddveloea@enaﬁe theraseleasibyy  bars, so

that th t ed | t.th hol d
Wit e known teeiieb it g RE e b IaRGSaliRer AP EERe Ryiar ur os o
oritical di nRAGHAN:E CRkedTie Ueafd diEr MEnRRPHES uael antdk fkow K1) to

be printed, further inprovenents would be iTabl e. [0006] erefore, what
i s needed i spmpessmpndorechfifertimesio i ffprenipitthesrlget fogether tPemablaieatyreSor r ect i on

embodi ment | of! SHEULBEL PSS PEADERAR & el mpor ey KEovRaPOa o
generat i ng aoPBSKatBARk kit s%tteﬁ‘fr%ltlﬁ% Qs ARMRAdrRLINS, atrfaethéhﬁé’s of r ecei ving

a device pattern representing f urés to be printed and generating a mask
pat t er n[0008f nas kApnmaryemasb(Jeng)raslasmé@attem ofn@amlartesultmta)gnky dilowst intensity

cor rect an T WEPRD NEGHFLTES (1 PRk IEAL franeoappearivg Tt REASoRtns 1y | ovel
I's between }txﬂf%n{, 'tﬁe'?'taréa'lﬂgdés%%%g)lhtmn? Wt é%nlp‘?é{ #eOPC 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 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 is

between the first and second intensity levels.
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P-1958. 010 [ 00081 According to another enbodi nent of the present invention,
there is provided a device manufacturing nmethod conprising the steps of
receiving a device pattern representing features to be printed and
generating a mask pattern conprising device features having a first
intensity | evel against a background --paving a second intensity |evel and at
| east one correction feature having a third intensity level. The third

| ntensifaoosPvel | 8BRS didtd:!d odﬂﬂalémgdpr&%h@wewon,'tﬁ&%'dléhgThe

met hod al so conpri ses e steps of providing a substrate, provi a beam
of radi ati onprosided aadevide mahufadtinomg metitodmomypsising the p&ps @f meceiviag nay of
individually controllable el ements to spati a({ | y nodul ate the beam accordi ng

to the maskIPATRRAAM IFREPSHBRAEATIGE ta PePrtieq AR BERRA G125k 281 on onto a
target porti Q&npr?sfi%é H&ié&‘f&%&ﬁ@stt%virﬁgoé)ﬂ?s} iﬁt@nﬁ%“ Mélggﬁin@t@%’dkgﬁ{hhd the

present invention ptovides a conputer program prodtct conpri'sing a conputer
useabl e nedi hawilpy seegndintensjty tevel a2 deastore@girecticncfostd schavingy ethirdf or
controlling at | east one processor,_ the conputer, programl ogic. conprising
conmput er pr oIty lsyel ddithisdintensity E@?klﬁb?ﬁve@b@ﬁeﬁr?t@ﬁg seGoRf IHFNSIY t he met hod
and devi ces | n V., ! : stil
further enbo!??‘?rlg'n?h%@e%gglﬁrgfggéﬁﬁsl Et\?eesﬁ?qsggﬁr%g Ldg;r?gé “?ug s%%g\]};}qé\géﬁgﬁ

| i t hogr aphi cbeppar aidistictonging ahnfuminatibh Wystadal using sy pitesiming apa@ytofr ni ng array
of individually controllable elenments, a substrate table, a projection
system and &divediplly spreellabiapiements tnispatiallymodylatedhs keapyacrerding to g m of

radi ation. T | . al: f 1ndividu LG ment s
erves to spaersfhad o QlipgheBaked i e AN LA Bofiehr o 3
substrate. THRthpeeyseatel on system projects the patterned beamonto a target
portion of the substrate. The controller controls the patterning array, so

t hat it H089knent sinagdprthert embodiment; daepresony iaveption queyides paaomiuter t he
projection pattern c rising.the convol uti of .a devi.ce pattern and a
correcti on KEPREI POUTE SOMREINGE e§TPGES seabls MedPrnBVERSGaTRY of ¢ he
invention, thegfn JodE Q¥tst@E thereon for controlling at least one processor, the
computer 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 projection 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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a projection lithography apparatus having a patterning array of individually
controll able elenents, a projection system and a pattern corrector. The
patterning array of individually controllable elenents is settable to three
or nore P-1958.010 states that are configured to nodul ate a beam The
projection systemprojects the beamgpto a substrate to print a pattern

t hereon defined by the nodulation effected by the patterning array. The

pattern correcto ecei ves a, t wo- el . devi.ge attern and convgl utes the
vt ce. pat ¢ eRRiep el g STt A BFereRy TR SPPRrPgh P eat ur oo
having i nt engdany oh®VEelsib@fatéto bRASE palém! BY¥Rbn RRENEL By the MNeldn of the
devi ce pattern. 100121 Further enbodi nents, features, and advantages of the

present i nveefiféctaridhy thepattestihg aayt. Hhepatterocomrectenteceiyse p Wo-tavebdevicke vari ous

mbodi ments of th t_jnventi _described in detail below with
Fof orence. § oPRISER SREBDEIYF IS PR AT i EeoTROER KPP Generfe

DRAW NGS/ FI G iReetid ) &hertesT9 G ARARBNN 1o RULIAS Ievilbiied the |VERT POT at ed
herein and forma part of the specification, illustrate the present

i nventi on andftht dgathpattemn.t h the description, further serve to explain the

princip of the_invention and to enable a pers skilled in the pertinent
bt to MOIA ang GEwtsEmbAdai .an{r%f@&mfad#wageé oft dBFIEREIMNENtOR o gr aphi c

appar at us, agofifhige keu@ aﬁH*ag LB BE varddif eH{b%gﬁ'ﬁénté SWtﬁE'h%)egEht [00151

Figure 2 depicts a part of a ma pattern generated by a net accordi ng
t o one enbodinvertiongfard Bescrbeds antletail\belviw osith fefddfce t&ithehesondhangingnd 5 depi ct
nmet hods of generating a nask pattern, according to various enbodi nents of
the present SRVEMSi on. [00171 Figure 6 shows an exenplary conputer system
according to one enbodinent of the present invention. 100181 The present
invention will now be described with reference to the acconpanying

drawi ngs. | n t heBRIER RESCRIKEIOR: @FehtE DR&Y N/ FIGIIR ESe

[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 lithographic 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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identical or functionally simlar elenents. P-1958.010 Detail ed Description
of the Enbodi nents Overvi ew and Term nol ogy [0019] Although specific
reference may be made in this text to the use of |ithographic apparatus in
the manufacture of integrated circuits (1Cs), it should be wunderstood that
the |ithographic apparatus described hegrein nmay have other applications,
such as the manufacture of integrated optical systens, guidance and
detection patterns for nagnetic donmain nenories, flat panel displays,
thin-film magnetic heads, etc. The skilled artisan will appreciate that, in
the context of such aDetailed Descaippioncef thenBmbodimeses of the terms "wafer”
or "die" herein maybe considered as synonynous wth the nore general terns
"substrate" or "target portion," respectively. The substrate referred to

herei n may bpv%wm t;ﬁllg%}e or after exposure, in for exanple a track

(e.g., atool that typi crg pplies a layer of resist to a substrate and
devel op expo resist).or .a netrol Qqgy or .inspection.tool. Were

appl | calOadF | paP o Bhp Bt el ot oty mBe ThBRI D A0 SEHHO. BRdBier
substrate prr&esmpRie apPRhs iftHE H&ﬁﬁfacﬁl%ﬁﬁ{@&afeﬁkﬁcﬁf&ﬂ@? ihegReed nore
than once, for exanple in order to create a nmulti-layer I'C, so that the term
substrat e usealerstoami thattlye hthograpbiceappamtes desbsbedahercithanay dlaveadyercont ai ns

multiple processed |ayers 0020] . The..term "arr.ay of indiyjdually
Cont ol | abl cRATEARAMSSSUCH &5 fhe MAnGFAS 55 Akin BRI QPG ST EHHIEPaPSeAn! ot ed as

referring to : i - &n 3! i di ation
beamwith a %ﬁ%@gﬁég&?? g(gs}?h%éé%?f gﬁ?@gﬂ?ﬁﬁﬁéﬂg‘&apg@déﬁ%ﬁh@?ﬁh@an be
ch eat _edl [ E aﬁfhgml\%igthlep?m tetoo?rsllq_n‘ N?klilh:&i anlbantwgl mpr&iciiaig tlﬂit,ﬁri_n thé b@ttext;ﬁfl \é>e(" iand
patial Lig ul ator" | can al so be used in this context. anpl es
of such pat t BichaHgMARYS PRECaiEs fny ¥rAdbe IsENDWAE O [dICAhIFgHayPRabl e nirror
array may co i I X S Al »\J.S astic
control | aye%lr]dg?eélaz}s’e%fn éﬂ?ﬁ@fegqgﬁ}? ace.gre'l%élg]%ggelrrggp\rgl;lﬂr%gagl \e{)Ir ﬁ%ﬁ%tnd such an
appar at us i spdrtiah,’ réspectdBxhniihe sutstidteasfeadd ey leasin afaytbe procetded Heifore

or after exposure, in for example a track (e.g., a tool that typically applies a layer
of resist to a substrate and develops the exposed resist) or a metrology or
inspection tool. Where applicable, the disclosure herein 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 herein may also refer to a substrate that already contains multiple
processed layers.

[0020] The term ““array of individually controllable elements” as here employed
should be broadly interpreted as referring to any device that can be used to endow
an incoming radiation beam with a patterned cross-section, so that a desired
pattern can be created in a target portion of the substrate. The terms “light valve”
and “Spatial Light Modulator”” (SLM) can also be used in this context. Examples
of such patterning devices are discussed below.

[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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surface reflect incident light as diffracted |ight, whereas unaddressed
areas reflect incident light as undiffracted |ight. Using an appropriate
spatial filter, the P-1958.010 undiffracted light can be filtered out of the
refl ected beam l|eaving only the diffracted light to reach the substrate.
In this manner, the beam beconmes patfgrned according to the addressing
pattern of the matri x-addressable surface. [0022[ It will be appreciated

t hat, | £ tive, the filt filt th diff d light,
| eaving the UHHITRLCIEN P gr ] et traelened bea Teafing cpitg
diffractive gpfidal HEhC P r@kBIhE isaRdtraleC MRnhis dhaiks! @8 YMEMRcoiRNi ces can

al so be used in a correspondi ng manner. Each diffractive optical MEMS
devi ce can paicmedeceorgingrtalthe addodssing phtéart iof themdshiprad dichsablecsnfabe  def or ned

relativ one nat.her to forma grating that reflects incident |ight as

Gt 1 ack0gd) Cone RObIS eoteettedbm. & Bbrldte wravist e IEL A e uda o

pr ogr ammabl eq;m peF-1g QY ] i [aT=Tne ] i mrrors,

each of whi c%l@?(r:gtl léglﬁ{’l lﬁﬁgﬁﬁgﬁ?{gﬁﬁtﬁ g@&g Ig?a?{lgl%@axi s&{)y&}{ aaﬁ{;r) yg%fng a

sui t abl e | ocdilffractice eptiedl niicrofeleetrital mechahicabsysieayiMBMS) devie¢ssanalsc act uati on

means. Once again, the mrrors are matrj x- addressabl e, such that addressed
mnors will Peyseddn asorrespendingganaer diar Aiffaciie opficl MEMSevite @hr ection to
unaddr essed Ji.4.6HQr. S } ner. e t i tterned
accordi ng toﬁ%ugggdayggggﬁgﬁ%at@erﬁbgﬁﬂﬁﬁé‘%é?%ﬁéggﬁﬁggkgggFggﬁ#grors. The
requi red mat fnotherdsl frfsd Hatiagthabeefleets fividene liglsi 23 ¢l ftabfedltight. el ectroni c

means. 100241 In both of the situations described here above, the array of

i ndi vi d042Bl confrivrthemalecreatveembodaaent conprglede » peogsrmmeble IPHEYr anmabl e
mrror arrays. . Mire information on mrror arrays as.here referred to can be
ol caned,  f or T pPuing iy, Afatbiuiehy ONmy s, BRbG SRR bE o3 193,
and PCT pat epdividrilyitioed bbsis aM\ekid 84 385iPinganditddR RBal324d eectrivifidll, Grr e
incorporated herein by reference in their entireties. [00251 A programabl e
LCD array caby ethploying pisgeelectrin aetuatiqn racans. Quetagain, hemgirmonsare oratrixs gi ven i n

United Stat easdd?gstsaecht:, s151éhzt%gf a?’d?l%éssgg1 rlmcrporé will & gcgt%%ri&to%gng radiation beam

in a different direction to unaddressed mirrors; in this manner, the reflected beam

is patterned according to the addressing pattern of the matrix-addressable mirrors.
The required 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 where 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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herein by reference in its entirety. [0026] It should be appreciated that
where pre-biasing of features, optical proximty correction features, phase
vari ation techni ques and multiple exposure techniques are used, for

exanpl e, the pattern "displayed" on the array of individually controllable
elements may differ substantially fronyihe pattern P-1958.010 eventually
transferred to a | ayer of or on the substrate. Simlarly, the pattern

t [ 1 th t to th tt
Formed ot SPBRLY GrBRRieT &f 8 ARt BF e gP dhd Rivsfriien ShPRg e ohe Pofielol o
el enents. Thignfilly BEnerdtB®of B2 ubdiratinAf A BEREPBAI lothdhitehh fofBe®rent ual

pattern formed on each part of the substrate is built up over a given
peri od of tiany @ instgitwarthe amipeof individugiiy sontredlablgrelemgenisi This sy bgat t ern on

th f i ndi vi dual | I I I d/ th | ati
(he array of adl sl cont oL aRle el amenia ndlgr e glalive
rede §n thi StbibsitAe if6uis By Aher hi diRAOPERNI 61 ARRATH Uiy chidier LI act ur e

of ICs, it should be understood that the |1|ithographiCc apparatus descri bed
herei n may hespesaehdnring pthicathieoprterrs ox thastray of indewidngdlyecontiodlablenuf act ur e

of DNA chi ps,, MENS, , integrated optical @ systens, guidance and
detection paflFRFNHS aI“‘%jrz%gdﬁI@I‘Y%g%tHﬁI ‘IIIE% V@Q,CK‘IIIQEF' panel displays, thin
filmm i C hea c i d t ' . [ tfrat, in the
cont ext RI(?? IIIsuch a I:;I g? ht F%e-gng:pp IﬂIgIé(ieel %lng ,Hezlﬁ?/d%@ehgw%?%t@%%e"ﬁf er" or
“die" herei nlitteyrapkicapparatie iretie asmsfaomreofdds, ivahbhldtheandaswod dethal t er s

"substrate" Qr "target portion", respectively. The substrate referred to
herein may b&ogiepkisaresiatupdessribediereinmay haydesbenapplicationssughasfire a track
(a tool that i i S| rat:.eand

devel ops t hee)Ie%IIIIcIégI&é I’Ilgg?@?# Ieg(r?f %NIAarréeII?IESG%%Wb@%%%é%%t?%%égggp&lmer e

appl i cabl e, $hend| goidasstr sndhdstestion pajterne forappgrietid domain afensitids,oflier
substrate processing tools. Further, the substrate may be processed nore
than once, fpanckdispiays thip fisindraenetic headatese. 4 hgskilled peisan wilbapmeciatehat t he

ter m SUbst 2l U REE! df T oA BhPicaliOna B BltelIF Lyl 22

contains nu e processe
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 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 herein may also refer to a substrate that already
contains multiple processed layers.

[0028] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nm), 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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[0028] The terns "radiation" and "beant used herein enconpass all types of
el ectromagnetic radiation, including ultraviolet (UV) radiation (e.g. having
a wavelength of 365, 248, 193, 157 or 126 rin) and extreme ultra-violet
(EUWV) radiation (e.g. having a wavel ength in the range of 5-20 nnm), as well
as particle beans, such as ion beans_..@r el ectron beans. [0029] The term
"projection systeni’ used herein should be broadly interpreted as

ein shoul y | :
optionl - syStHRRir RS by BERud R thE PR SRt BAR el il APR ST o7

systens, as Rctb?dshic O HRARE 6Pin Riersioarfludkant @se ¢ vachemexppeaddsd radi ation
bei ng used or for other factors such as the use of an imrersion fluid or

the use of athﬁémdﬁn%ﬁyrm@absbe confedared #h syneipanous &yit the e penegdnsi dered as

synonynous «“ [ ner al term"projection system" [00301 The
illum nati o\rll\ee%}si’ ﬁ?gﬁn%ﬁgo enconpass various types of optical conponents,

i ncl udi p@3oef faCtTH@llldn@hhﬁﬁ{ Sysfom &@téﬁb hésl FarfoRb itk of@pResents for
directing, shaping, or controlling the beam radi ati on, and such

conponents  emyppaests, ibeludmigaeirastivegetiedtiyoy, andgata@@pmvepsrcad)compmmsar| y, as a
"l ens.” 100311 .The. lithographi c ar.at.us be of a e having two (e.g.,
dual stage) %69 nglrn@ %Bgltg ‘grtc n{rglglggéhebgﬁla{/%g%/ dﬂ%no?ndr%&éc?ﬂg%eﬁﬁbl es). In
such "nul ti plgy aEB%g?efeH@d?wW&vt&ﬁe@tﬁ%l}lér‘%ﬂ?éulérﬁbh§§“l%ﬁé’”be used in

paral l el, or preparat ory steps may be carried ouf on one or nore tables
whi | e or(}ﬂ3bk nmor eThe hthogtaphiceppaatas by bg of m@pdhﬁungeanmsgjr@al §88321 The

l'i t hographi c apparat us ma aI o,be of aty qpstr eis

i mrersed i n & PPERIUGSHERG é‘P@@éf‘V‘?/@f 9“%?514\,? f"égt .,

water), so a p gplgfre rojection
system and t eth c?%dre%t?ng%aaﬁrrlﬁ{e@géon ?%I;l:ﬁau Ea[rﬁ}amg* e appf’}m%?gto ot her
spaces in thmaybetdmgdmphxn@nappmbmttalslcsWbﬂemeaumicmeoﬂhetmbkenaﬂerbemgask and the

first el ement of the projection system |nmmersion techniques are well known
inthe art f6edifcs®e8 g the nunmerical aperture of projection systens.

[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 individually controllable elements 104, an

object table 106 (e.g., a substrate table), and a projection system (“lens”) 108.
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[ 00331 Further, the apparatus may be provided with a fluid processing cel

to allowinteractions between a fluid and irradi ated parts of the substrate
(e.g., to selectively attach chemcals to the substrate or to selectively
nodi fy the surface structure of the substrate). Lithographic Projection
Apparatus [00341 Figure 1 schematical |y _depicts a |ithographic projection
apparatus 100 according to an enbodi nent of the invention. Apparatus 100

i ncl ude | east _a.. radiation system 102, an array of i ndividually

cont r of T3P o enBﬁ@@tl%ﬂxstegh?O%éﬂévétuw%réu%ﬁn% é?és%n} 130 ofipdiatione " t abl e)
and a projectd Hn Ak | A : Lat system 102
can be used #elc')é')’ Isjﬁ%lp %{H r?é)’aﬁlgg%%l ﬁgpgﬁcg[%gi%aat&%%# g?%%?@ut/ﬁﬁdé@?ati on),

whi ch in thisuartli2cul ar case al so conprises a radiation source 112. [0036]

An array qof individually controllable elenents 104 (e.g., a programrmabl e
mrror ﬁwr"él/) canABeaY afindyiduady contrRilablesiameats (44ege aRragremmeblegener al |

the (POSLE ORial by 86t BY w0l IPdbh Al b o 60k 300 CrPLGIENL 5104 can be

fixed relative to o] ection sys wever, in an rhative

arrangenent , pésitiorabf the &rtay ofindivddwdllyyconaodllalt letdmentell @reai He fokdnaybe
connected to a positioning device (not shown) for accurately positioning it
wi t h respect relaivgiejpeaiestion systemelfi8. d@vevas, inanaltgastive agangenenyiagual | y

control lable el enent.s. 104 are of .a reflective .type (e.d.. have a reflective
o ray of T narepatangeba Rl e ckrsnSibhiy potihetEafianc BB 106 can be
provi ded W t Bevice(HOEhbWhPforatsidtelydSitiSHAE ithidAkipect BhpeyjBdtion@ystéal di ng a
substrate 114 (e.?h.;, a resist coated silicon wafer or gllass substrate) and
obj ect tabl eld®esdwre depiatesh abividualtycoatrplatile elomienty 184 wrecef arefedtiye

eCSuL et e) Y, PR L SOURR IR S R R Bk o, Y5k 108
cat adi ofjosC SYSt ©B)cePI!19b Bsh bR vIALETRAL SuBRAR Hol @S SPediBafly! @l s, or a
mrror system can be used for projecting the patterned beamrecéived froma
beam spl i t t eshoivi§ fanhadmgtaasustratpdi 4 (©g., 1 2651t €ogted sdiven ovaferoreglalises) of
substrat e 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 shutters. Projection system 108

may also comprise a micro lens array (MLA) to form the secondary sources and

to project microspots onto substrate 114.

[0039] Source 112 (e.g., an excimer laser) can produce a beam of radiation 122.

Beam 122 is fed into an illumination system (illuminator) 124, either 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, illuminator
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114. Projection system 108 may project an inmage of the array of individually
controllable elenents 104 onto substrate 114. Alternatively, projection
system 108 nay project inages of secondary sources for which the el enents
of the array of individually controllable elements 104 act as shutters.
Projection system 108 may also conprige a mcro lens array (MA) to form

t he secondary sources and to project mcrospots onto substrate 114. [0039]

Source 112 ( cimer |l aser) can produce a beam of radi tlon 122.
Beam 122 is i%‘gwﬂhweﬁlx ipelyy KarqUs Rthey € remanspa% t3griptegeRior a0¢ her

directly or ,gf taeéonGQIY§ePQ3§rapf'il§§QVdf)prBQhﬁ1' Py 'ﬂﬂgfﬁggf C6n kS ?‘Cd”f as a beam

expander 126, for exanple um na 124 may i se an adjusting device
128 for settindgvidisdly cuatreHatde dlententsni(Er hasaddesired unéfotmity endrmtensityef erred to
as a-outer and a-inner, respectively) of the intensity distribution in beam
122. I'n addi $iSGRULPR A FFasoYECHOM 958. 010 --10- 124 will general Iy include

Vari oS RMET COTRORAI Be naWE @ PERAEA B AR, SRS EY 132 (1

this wa am 110 1 npI ngi ng arra controll abl e

el enents 104theasusing es littedraphici g26jttioh fpdratudt 0k § ofttn3hé tddetwleR in its
cross section. [00401 It should be noted, with regard to Figure 1, that

source 112 neopisee Mi2tinp merqtmelanm,u&rwgample) i Inabigmativs empadimentsi sQHICappar at us

100 (as is o e rcase urce.l112.is a_ner f or exanple).
' al tor nat | 12 Babass Refrott B BEE-Gshic ptitelio S PR AL IR B Pissott i (hogr aphi c
proj ection ap@skidhbearh002 Wwéuld B Fire@8 into bashrathis 200 RegamyitB2hvaidiot be
directed into apparatus 100 (e.g., with the aid of suitabl e directi ng

mrrors). Théstabktdirectingmirears)o T|hzs lattereeenatie iscdten thihese whem snmirce122 i s an
il INERDEY SR KT S TR LSRRI
sobseaent b ek inaksmionhe il con o ate, o erenls 104
array ofoodbdi vi duBkdmy laolsnbs@qmaimb/enteioeptem&rﬂz(yzhf ihdeidudllpcqmsdlaslet hr ough
elements 104 after being directing using beam splitter 118. Having been reflected
by the array of individually controllable elements 104, beam 110 passes through
projection system 108, which focuses beam 110 onto a target portion 120 of the
substrate 114.
[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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proj ection system 108, which focuses beam 110 onto a target portion 120 of
the substrate 114. [00421 Wth the aid of positioning device 116 (and
optionally interferometric nmeasuring device 134 on a base plate 136 that
receives interferonetric beans 138 via beamsplitter 140), substrate table
106 can be noved accurately, so as to_jjposition different target portions
120 in the path of beam 110. VMere used’ the positioning device for the

array o di vidual |y cont.rol | abl e .el eqents, 104 can, be 0 accur at el
corrgct[qoﬁ posi t alerafie Waa?n?ﬂﬁ?wmm} %ﬁﬂ%ﬁaﬁgﬂp BMaY| enrent s 104

Wi th respectpd f?xédh%ltﬁ%ﬁkn%fe 1tl@,30'€lrig3r90ve§b19 ove&HBétfhge @bRADE: WHirdsRer al
moverment of objectf table 106 is réalized with the aid of a |ong- stroke
nodul e ( couissienposibstraiaitably 10 Eovided mmtarmkhltmnhﬂ cqaeﬁfngaenraoﬁattl oni nQg),

whi ch are not epr|C|tIyd |ct in Fi urel A sim.lar system may al so be
used to p05|PI?R?H“Pﬁéuré“rer§§>s r%ﬂ trpbgihfe PPEBAES BIPrAYifea greThshos 104, 1t

wll be appr ﬁgmﬂt 'é}&’ be

noveabl e, % {Cﬂtlggaé)tgpl% fg 0 ar?%? Higflﬂggsjrc\gébo#tﬂ)ﬁggf te?ﬁ?édl t%‘

control | abl eaﬂrﬂiﬁbﬁaﬁngaﬁmmnémvsman*ai@qad ipoived GVbrTszstmdl‘abl@ﬂ%he required
rel ati ve novenent. P-1958.010 [00431 In an alternative configuration of the
enbodi nent, BUBSORE AT ectWQrSn@yt sk, wduch @fe papsblssef ag@rataly bei ng
noveabl e ove I 0 tabl e 106
is provided é\?sﬁﬁ&%ﬁb&r?t@a 8'\}1 eﬁ& n[gosth%%aﬁl? At 91 Pﬁ) e‘?ﬁf%@%{&tl face, gas
being fed thguwgﬁtetlMmgmlrﬁkg&dmerpsru@y&ai@tamegm mmtwelymftﬁig ang capabl e of
supporting substrate 114. This is conventionally referred to as an air

beari ng arraﬁgmmg\theI@M@pﬁg@tmgh;‘he{ﬁméwgbver substrate table 106 using

one or actua are e of accurately

posi t1 oAS) aube: AdbEdEhaF AR droptitis 100 3 s BN i Sisai S

Al ternativel él'escn@é!pa%tbreﬂ%qmléﬂ)ogﬁg al&sidToU adubitale, ﬁ%ﬁ%%hﬁreEﬁ@th&OG by

selectively starting an st oppi ng the passage of gas through the openi ngs.

10044] At hotlnghmlenubmgmplmyutaquethmmssamnﬁmmnmr1GO ngybe usdidoiprojesiti on i s

her ei n descrl bed %S bej ragffor .ex fnsglg resi st on a substrate, it wll be
107To s1st ess lithography.

appr eci at ed p#tgrned beam 1 ruseinr
[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. Substrate table 106 is then moved in the x and/or y directions
to a different position for a different target portion 120 to be irradiated by
patterned beam 110.

[0047] 2. Scan mode: essentially the same as step mode, except that a given
target portion 120 is not exposed in a single “flash.” Instead, the array of
individually controllable elements 104 is movable in a given direction (the so-
called “scan direction”, e.g., the y direction) with a speed v, so that patterned
beam 110 is caused to scan over the array of individually controllable elements
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 can be
exposed, without having to compromise on resolution.

[0048] 3. Pulse mode: the array of individually controllable elements 104 is

kept essentially stationary and the entire pattern is projected onto a target portion
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the invention is not limted to this use and apparatus 100 may be used to
project a patterned beam 110 for use in resistless |ithography. 10045] The
depi ct ed apparatus 100 can be used in four preferred nodes: [00461 1. Step
node: the entire pattern on the array of individually controllable elenents
104 is projected in one go (i.e., a sipgle "flash") onto a target portion
120. Substrate table 106 is then noved in the x and/or y directions to a

different posjtipon.for ifferent target porti to i di at ed by
pat t er ned begﬁ 3fiﬁ{bstf@63%?u§mg§3§ﬁd ﬁ%&%l.o_n ggéﬁﬁ‘t]l%?ﬂ I%‘%ftﬁ?ée Eai’#e_{éésstep node,
except that go9éd®ith ah 8ds8RialRRbAtANR spedd shéh R paB¥RRd Bhrh 11 @isTan@lie "flash.”

I nstead, the array of individually controllable elenments 104 is novable in
a given dir et $oan a( ifeeagoss subbtrasd 106 c drhediattent omtie, areaygof indhaduallgi r ect i on)
with a speed v, so that patterned  beam 110 is caused o scan.over the array
of i ndi vi duaPtyrolahermes 164 e his s sauired peitFRe AR  SCELINt ¢ ( abl e
106 is sinul i i | L a speed V
="M, i i SRR 2 Ry Bltst ot IR R Bk suBREAR Lred pEERS I8 0 Thre
manner, a rebglosadkdtyhd requjecdlacagiens @osubsteate 1120 Goaseqoentlye pattesesd, beant hout

having to conprom se on resolutiqn. (0048] 3. Pulse node: the array of
i ndi vi dual |yl b SR agoes Bibspatld4 1@axpase theggpmmlets pattera) fpra sripiafonary and

the entire p i j - 1 i - --12- 120
of “subst r at SO PTG i1 PR H6LAE 1 ORbPus LAARIMARESLOASE Oy L 06 TS
moved with aexpessdlind 8 liye.const ant speed such that patterned beam 110 is

caused to scan a line across substrate 106. The pattern on the array of
i ndi vi dlf¥Pl  confr ol | &BnENUIUS peARMEOdEOEsSeTialll thetsarpe a5 PHeRUPHEXCEt ween

pul ses of ragdiatiqn tem 10 nd. the pul.ses. are tinmed such that
lccesstve ¢ hrGbrBiriily SRR Pltoh 35 B 541 R b h A HLER! ons on
substrate 1l4rayrmedoidamy dontidfhtleERREnRIQ NS ublitted asipAtfeaibdBehMmIqosubstrat e
114 to expose the conplete pattern for a strip of substrate 114. The

process is rs@aneadssisubstrate bhphnst exposdsstrate 114 has been

[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 above, 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 indicates, 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 developed

image but are not themselves discernable in the developed image.
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exposed line by line. [0049] 4. Continuous scan node: essentially the sane
as pul se node except that a substantially constant radiation system 102 is
used and the pattern on the array of individually controll able el enents 104
is updated as patterned beam 110 scans across substrate 114 and exposes it.
[ 0050] Combi nations and/or variations_ @n the above described nodes of use or
entirely different nodes of use may al so be enployed. [0051] As discussed

above, ding additional small feature 0 n t.er ned tical

B oxi i (5861 r oot RorparrperianrraaRanthe PR trbsrivesh "R B devi ce
features, thp tREIeBisEAHiERACHIOVedYIRRIKIRY Be OPE fealreb SighiflRhRKAhall¥ani OuS
different forns of OPC features have been described. Exanple OPC features

i ncl ude, but than éheeriti¢al imension (CBE atTthes,i dug toadiffradtiad deeursiithe, OPGnmer heads,
serifs, etc,., for use in.different ci.rcunst es. For exanple, .scattering
bars can be. (FEBEE. (ECaast if AR acialinage i Felbeh ol ieegpsirg s eyt

sem -isol ate [ gﬂs}ﬁﬁ i isNi.L hegeSRYRePat tern,
bri ngi ng the%ésgggzgéém&#mﬁ So(;r ﬁlglgf‘hfe g{egflt pI t ghfggﬁférslq%%’eﬁlseane Sat tern

cl oser toget feetures(@ddBay othier fehtundsgfdvexaople tharkeadr targets tlext arc'ifledddgat ure” i s
often used to enconpass . correction features that are_not intended to
correct proxfRRCENINdRG F?pﬁﬂée,m%ﬂx@%%etﬁﬂ?é“&(?ﬁf@?@%ﬁ?ém N%dltcates, the
terms "Optic [ M “%Q,%Ir | N e ] raeand
"correction @ggﬁ%ﬂiﬁ%u @’gﬁk‘gg‘élf g%ﬁ& g%%s%%gﬁg%olﬁéﬁgwéi&?ﬁ%egﬁded to
enconpass al thefresist thresholdiait revnitiii featunes thewed wishdd awapimalebelopment ofot

t hensel ves di scernable in the devel oped i nage. P-1958.010 --13- [0053] It is
general |y a thedefiftenent that the OPC features thenmsel ves do not print in

the oS TS [ aKed Rt TRD90] NuRG ERtSamanLleat |y

smaller*1n - than e cri I MeNnsI on raction

around t he Ghogran@Adblé Battdrfifg @eVite, a3 the lkedthe d&tiras (Hotefientig fegdtsged. The
exposure dose and resist threshold are then chosen so that the desired

printing featng @8C featires) tapre deféadcley 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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features and any other features, for exanple marks or targets that are
intended to appear in the devel oped resist) expose the resist, but the OPC
features do not. It should be noted however that in sone cases the OPC
features may in fact exceed the resist threshold but result in features
that are washed away in devel opnent qfj4.the resist. [0054] In an

i ntensity-contrast device 104, which may be, for exarrple a mask, a

pr ogr ammabl e erni nq de or the lt}[?‘ ur es oth..printing
Peatures. antb BT MBSy histeefapid: Bcimbiy BVl FRIPERId hensi ty
l'evel than th@gaﬂb@@ﬁemmﬁé us€d, Shat fheunk WA tHE RSisOemaind hfetievaldpiertound) and
an image of the device is projected onto substrate 114. |In one exanple, for

maxi mum cont erlgtwheneit hdabkerf exrosedss Thus i gensralt prigtingafekturdsok maydepl e as i s

the case wt nt i hr one 0 rtz sk. Ex | ar ntrast
bevi o T ncl BREORF T pEnecp el HRE AEatra R Fif RO et F B Bgur o 2
depicts a papf, QoRd IR&HSitPaVeEr N generated by a nmethod, according to one
enbodi ment of the present’invention. In this enbodi ment, the correction

f eat ur e0a6F set ht thainembhodimeativatieus typensf tgndcmmlfgaatuﬂa:atard pravetedeen t he
intensity |evel of the grln features and the intensjty Ievgl7 of the

backgr ound. #oHaq Rriptingfeaiyre Fwaﬁf‘mag%t@ap& @s ¢ -j% hammezheads 6and 7 ght
background og,{ i gkgr g! @h@@&-r?&esﬂrfeétﬁres@rs Qtd @&Jeea&wmaslog g thipdmet el y dark,

having a transmssivity, l'ectivity or emm ssivity of out ‘zero

accordi ng t ointdretelimate, irensatp tdvel dat dannmmsmyﬂ;evtsrlwmsennshe fnst andséctcmdtl ve or

sel f-em ssive, or as dark as possible.

background i Sitensityfevglse Inan peaaaple, the ﬁw&mt%ﬁltzaletvrshﬁ§Hb%§1twlwero Phéf | ectivity

or emm ssi Vi [y 3% u{?éxﬂhy%eﬁ?ﬂagl g Wrﬁ&@ﬁ%w&eﬁ@ftﬂe@%l R} a%a

background, a positive’tone resrs i’s ‘use a resi V\‘;m ch is washed

away in P- 195§lRdfon)aid thedkivé invgsitntevehie bgprokintudey b.esehh@xpoﬁeﬁnou’s'he
intensity levels are reversed if a ative tone resist is used, that is

one wher e t hexampdess therthiyd infensifly destel H@Vgﬁ s e ARy desiTeg onpmvenicnt Igsd been
exposed. Th ugetwegh gl%r}?rrsfa&nd Pecbﬁ"& in@glsfﬁ %v%fs?in&l‘dwenl?%orrectlon 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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described as being defined by areas of a first intensity |level against a
background of a second intensity |level. [0056] In this enbodi nent, various
types of correction features are provided around printing feature 1,
including scattering bars 2 - 5, hammerheads 6 and 7 and a serif 8. The
correction features 2-8 are defined hyjsareas of a third, or internediate,
intensity |evel, that is an intensity | evel between the first and second
intensity le Y stantially
0t ent Y | eYakaoh ReAlleP KAl s PGl Bbrk P TPERABHGE st ot 2!
for a parti cfdatutes, e;p;ﬁhlcaatail@mé foanHettenend kesuild Saabrdis) thy ldrgarebrrésion

appr oxi mat el * Imax. . In various exanples, the third |ntenS|ty | evel
may be set téaﬁlﬁ‘;‘ﬁ BaY¥ bs easiesiio aumyRAiuENID th@msk apd gy ba phiscallymereand second

intensity le t ferent
intensity | egoglhgt T?B'ggﬂit C%I%Iﬁgee ngggntpq% ffag%efrsrgoa%et)gre?g?:(% Haary? @ mﬁlriés wi |l have
the same int p:i’tﬁalrﬁlﬁ%lnieﬁf(ﬁiavﬂfg dresdMiticiohrpatables the critiofBhenkivh, @fchect i on
features may al so have either the sanme phase as the printing features | or

be out of phhasawot praviayslydiess possdile-ect | on featur es rray be described as being
negati v y. Th tion of ad ustln t he tlonfeatures
o oui deBREEY i onShEBstCTFel B T g IuftesreRih B Cht ffifea° 0oss) 'y
defini ng t hewgArahekirndstidte v, q% poMding &nﬁe@tsntfaaf&ww@earedl ate intensity

| evel s, constraints on the dinensions of the correction features are

r educed(0962k! i ni nhten. expplehprogransnatdelpaiteening deneistaye inberehtly eapebiger t han t he
resist thres ven

ff t i th to d | th
Tooi st the Shapising §piwaly pha coftimb ah e drd KRGS Ay Teat et

1. Even if t B%ay 6%1%&5%%%})&&1%% &é(rlée@\(&}métﬁte%tfeféﬁe&'?&a§ 83t §t hreshol d,
the correction feature can be made larger than if It were definéd at the

sane i nt ensi lightiveive) casdefine mtultigle diféaentimtensityriel edt dccordingg tolmepodit®aer nabl e i n
t he devel oped_ i ma 0 These ,scenari os. di_sc d abo e desirabl e
for at |east%! hee%otf%a%%o gﬂmnSF. Pating bepren the ix 58120 BEVPleTPRATon of t he
constraints el lifeAhfBRpbRMS o?thelilGddrit L8RGHRL into the zeroth and higher

order diffracted beams.

[0063] In one example, programmable patterning devices may be used in a mode
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 intensity level.

[0064] 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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--15- correction features can allows for greater flexibility in the design
of correction features, which can allows for a better end result. Secondly,
the larger correction features nay be easier to manufacture in the mask and
may be physically nore robust. Thirdly, it can enable correction features
to be defined in a programmabl e pattergn ng neans having a resol ution
conparable to the critical dinension, which has not previously been

possible. [ONaMY TREF &80 SRYFER] QANPedybel Sl pbPimFRL LS GH{eR Dk oaL ur €3 oy

be defined Wth”an In ever, i ng on contrast device

used. [0062[ inkdtfa08&r exaidrefor Rrodgipasiabldableadtéragd hitdigheV i esréstieni nherent |y
capabl e of produci .ng.a plurality, or a continuumof, intensity |levels. For
exanpl e, an keipelayhish igdeterparad to gerapate appropvitaspatal ficauencies fSRISINSS r ef er r ed

to as a gratj.n |ight valve) can define nul.tiple different intensity |evels
accor ding. ¢ ologgehE Moty & GAublasiE FRuboR. S Sl act®t nt 1 e
and noveabl eqdvigdoNehicd @ HK1s8dr8 & phiriiy Bf SiPRfdnt Rén&lb fdridesrérast Hpiatusi ght
directed into the zeroth and higher “order diffracted beans. [0063[ In one

exanpl e, pr ogrdenmebdigiopsitor drekemg] thegeneratsdibppn blgorishen forrdetermpdeg then whi ch a
swi tching speed of the d(gvic is1 faster than the ex osur e time and/or the
scanni ng spefPrORTfLe (PUe Wélng‘?r@? ACCOTGRE 4Q, 1IRYE RRTYMIPIS TP AUNERNE; 5 “on i n

an  exposur egBardthSafiidryilliAfindio LoBAMAE STRe Rethel RUBAS Lol BMEvith[ 0064 1n
one exanpl e, "‘an absorber thickness of a mask of or a nulti-layer thickness

in a refl ect devecapagtkrrsdyn beultipliee 6B togedehicnerajedticarpattern, wheshss esedl evel s.

Exenpl ary Processes to termne Correction Featuyre Parameters 100651
Fgureo 3, AN SPRUEHE] el HOR S O e TG Ao uieR MpRE PRHSFOBccor di ng

to various e ' t f; i Lo A€ n be
perfornmed i nms%%ﬁ ;ﬁgdneﬁavﬁépffhﬁ;)gq&gﬁp&ns\g%?%?&tﬁwg ?i T%gl}%?n%%g?t I nations
t her eof . [ 00&fHipotkicgtmes, Bhishansy beapproximateelchsprloedsss pessibld evithat tem ne
appropriate caorrectjon features to be applied to, a given device pattern,
accordi ng t oCuiges @Ef%ﬁﬁs?r@ﬁ?n arfds yrebss pERRHADIE Hfensity spels af e BatfE@Edevi ce

pattern, whi gh.(Byegl so

[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 kemels 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 a rules-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: if a line is isolated, then insert a correction feature 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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i nclude non-functional printing features, is input sl to an input device

(not P-1958.010 --16- shown). For exanple, the input device can be, but is

not limted to, a network interface or a reader for a conputer-readable

storage nedium A correction kernel, which is determned to generate

appropriate spatial frequencies for a given |lithographic apparatus and/or

illumnation conditions, is supplied froma storage device s2, which nmay
f different kernels for djfferent apparatus_. and/or

store a plurality o
condi tions. BrsETRS Acerreionieateie Pamsertaiat agIVaR BOR O ATIRCOBOEI ni ng ¢ he

appropriate ﬁ@&ﬁ@@*&ﬂ&ﬁhgfqghuﬁgpording to input paraneters relating to the
appar atus and/or 11 um nagi on conditions. The kernel is then convoluted with

devi ce [@69krn s Higure ahows td flowashas 3ddpictgener miethod, pccgrdnigi € gnat t er n,
which is used _ during exposure(s) s4. In.one exanple, .the correctjon

I
features in ERROPMEPER{thoRresgaatnvantPidY thingrabediments ?d@itivla}ép&re@swit vary
accordi ng tOfrééda&lép}g@?ded%lyhtﬁ%fgt‘sg]sébiﬁg)&t ﬂu&&ﬁ%@%‘% Hl\eeégsgg (%-}/ Ic&‘?ec@ila roxi mat ed

as closely as possible w onfines o on and number of
avai | abl e i nfeatusést ¥cdogdigg So ahe tigenpiah tatlowngor ste\ifefudive SaprodcA0 7theFi gure 4
shows an aut omated process used to determ ne appropriate correction
features to BECELEN o gorrectiongpatuies.dEysteresldasn dpyt deidewpaticayhasOBRe

ehodi ent of. e BhRRE MhedhYER b Mlee btoFLANLRcidmbLi BlocBffl o3hGRT One-

di mensi onal Kernel's are sup ed or ‘genera

sequenti al | ymagboy@bstaRdi. o hdvikieivteeRedatetimenkityNevdld, bt Hiha6mas aggidtiand sib. In
one exanple, the one-dinensional kernels are orthogonal, e.g. one generates

features in appsoxmatipp.ednistap sl2oghaulptionesf ax ewpesiurgyusing tthe projetitioact i on and
the other generates features in the Y. direction .around lineg extending in
the X di rect PO 17aBHfE ot Errts 3 e B B it R aTRE B § OFieds ext endi ng
in one direcihQp, I sicp PASH RECrmmSKidS S ARAY B & MBbBPMR: HARNZI onal
kernel. [0068] 1n one exanple, the correction features nay be inserted in a
rul es- based satisfantodge! If pess mcstqprsd 6 @l exmosutefs) & (axe) pgfdesddifphesonulated, at | east
one predeter er:?;p%glgre 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 pattern is minimized. Deviation may be

measured in any convenient or suitable way, for example by the sum over all
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rule is used to determne the insertion of correction features. For exanple,
arule my take the form if aline is isolated, then insert a correction
feature on each side of intensity | and having a wwdth Wat a distance D
fromthe line. A nodel- based approach uses one or nore fornulae to

determ ne the intensity (and/or P-19584010 --17- phase) of a correction
feature to be inserted at a given position as a function of the proximty

of printing features. 0691 Figure_. shows a flowchart. depicti.n met hod,
accordi ng toplt’fglé Oféﬁﬁélh?%@?ﬁe Qﬁ*‘g?%thﬁrsgggﬁ? OF Hreinisnsifies jof t €hldgsqr&abodi ment ,
addi tional dggr.eesnPhhe ptdjeQEPmgP0Vi ded by the possibility of internediate
intensity |level correction features according to the invention allow for an
iterative approach to the generation of correction features. In step sl 1,
an input devjice pattern has OPC features applied, according to a

rul es- based BXCPIAGE: URPHERYSiBcedure. These nay be grayscale, i.e.,
having internediate intensity levels, or binary as an initial

approximation. In step s12, sinulation of an exposure using the projection
pat t er nfgogerar r i eth@processes cftigPinsdmdiontfbrezeeratihgprofcti orogitteirs, whdiiar ed to a
desired image. In step sl4, a determnation is made as to whether the
result is saflgl§fssﬁ@tqfr1§3.ratwe, ey bej eifested pycomputgs peggia®s vdueh may bear e)
performed. If . [ . r.e i si der i Sf ory, in
step sl15 the&’éﬁéﬂ)gé uF?gﬁgeﬂelggﬁgégtlgc?wgﬁlg'&btligﬂj %5’6“5% lrsagé%argﬁga%?o step si12
to repeat thexesitedbathpsuitabRIBAIPusLWiHBEmagiBé £5thdalone devtefpattsf I epeat ed.
[00701 In one exanple, the cycle is repeated until a desired quality of
image is actiesorigolsysttmrofa [ghegraphie appacatus uliseprogifamsysayehe staed Pl | n
various exanpl.es, the adjustment step sly of the OPC features. be

{tl es- based, MpBle AP RAEIURoBaS Bt e TN et rarEmeied auil (%0721 11 one
exanpl e, the.shiUhiRhiidiR RFork@Mpari son results are used to calculate a
correction kernel, which is applied to the pattern produced by the previous
iterati [0977] FIG. 6 illustrates an example computer system 600, in which the present

invention can be implemented as computer-readable code. Various embodiments
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 connected 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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100731 In one exanple, the initial application of OPC features step sl 1
maybe omtted and the cycle begins with a sinul ated exposure. 100741 In one
exanpl e, results of actual exposures may be used in place of the simulated
exposures. 100751 The basic criterion for determ ning whether the mask i mge
is suitable for use is that its sinulgted inage is as close as possible to
the desired pattern to be printed, i.e., deviation fromthe desired pattern

is mnimzed, iati may b neasured. in an nveni.ent or _suitable way,
for exampl o [59 KEPCONCEUEH g £ Fpro0gBE iorbee 618 SRr B mEAL T { or emes
bet ween the SARIVaBleQtorhfEuhih 688 SlepreSshtOh tTong dRR! MgnetRabp&dptiasd t he
projected i mage. Exenpl ary Conputer System |[0076] Theé processes of the

i nventi on f odisketemdidhngrgad by end wotteptttiygemsyablhgotage drivé Gigl. éAsstillp of
iterative, be effected by c uter pro ns i ch may be itten by
Lhose. ski | 1 oY ARbERaIc 1o TPy A vaey Sng g Briry &I SAEG SN  execut ed
on any suita Whi LGe or part of the
cont rol systge}%ﬁ(%? @Whgxaﬁg%ﬁ%gqg%rsgﬁgﬁl L@E&'%ﬁ%@%l%{)hg?gﬁgbﬁay be stored on
sui t abl 0806 put er hr dtctalive implomagiatiomesseeondaty tmemonsi 10nexy inslede ahert abl e

communi cations networks. [0077] FIG 6 illustrates an exanpl e conputer
syst em 600, PRiRAMSANSTRBlIEES FeMPRIETRIALTAES OF aReHBSyRsopR i RRedarded

conputer-rea ! i f i j descri bed
n Lo, of Ty e Rey U SR AR ITRRL B, b B ST A EE
descri pti on, stotagaiuhit 602 aaden apdEire20t Exampiss 98uctknkirsdnaynintude ar el evant
art how to inplenent the invention using other conputer systens and/or

conput er ar chicgE#! GrERdge Tuertridge iplEHptR Bhck g8 thathfeonl imkidgadsmsne or nore
processor s, ESES, TR T EESpP RN BE FRORTELE | PV oSS
connect ed t OagBofi@TEBEIEA! arfNother removable storage units 622 and interfaces 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 generally 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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infrastructure 606 (for exanple, a bus or network). Various software

i npl ementations are described in terns of this exenplary conputer system
After reading this description, it will beconme apparent to a person skilled
in the relevant art how to inplenment the invention using other conputer
systenms and/or conputer architectures,[0079] Conputer system 600 al so

i ncludes a main nenory 608, preferably random access nenory (RAM, and may

al so include a .secondary nenpry 610. . The secondary y.6 may i ncl ude,
For Cexanpl e, SSMRSHISHRS (o Brd DEHELS nda i5po TRy ABRETEL GHabahER ve 614,

r epr esent i ngcgmpiltOmRYgrdnSrodlidtyfe nRand BERSVidmglsaRRadth ¥snpdér s9fthcal di sk
drive, etc. Theﬁrglﬁgvgg@stor age dri veg%}?4l P-ngSS. 010 %9 S'rs)eads from
and/or wite60®o a renovable storage unit 618 in a well known manner.

Renovab orage _unit 618, represents a floppy disk, netic tape, optical
G ok, ol®83hat ChCreMoish rerih (i (HIEA cormETcomonlorD) Horaid Bt ve b1
As will be glt,fgé) i i a conputer
usabl e st orgjgglrrﬁe&gl am ﬁggﬁégfﬁqﬁghﬁ e?ﬁ?ﬁﬂ?od#u@gﬁg%#ﬁaﬁé ggﬁd/ or data.

[ 0080] I n al bereneived eiaicominemicatiahs mitesface 624 nbiachycompter pragtémstayhenncl ude
other simlar neans for allow ng conputer prograns or other [nstructions to
be | oaded i?ﬁe@uwaﬁ@{)wh%wwré@ﬁeméaéw ipAeTRent e BrRsent BN et BaSexanpl e, a
renovable s L 'J{btlﬁ; iﬁgﬁ 1)) f h neans may
include a pg%‘%g%%%’?‘h?‘géé‘%gﬁ%ﬁ% ri c}%égr%ﬁo erF’a‘g?é( (sﬁgﬁteg’sentﬁﬁ%t found in
vi deo gane de\pré®ssor 684 e irmplebilent the eocgssed bPthe presentinvedtidnPhidasor PROV)
and associ ated socket, and other renovable storage units 622 and interfaces
620 whi ch aPPEHIWEHR QAP 6T BGE elamants in pesten A0 fas depigtedrbyniighes.ra@fovabl e
storage unit 2 . e tem - er em 600 may

al so incl udeo%{%g:tborlr#sr@hslgga ?%Snersxel ta§§ P %egg@%]ﬁﬂ?g’%é}o“m §§'ﬁ’ Fsén%ﬁcltten({?grface 624

al | ows sof t Whigarea 3. daterdingl P uéh congiuldr beskriiad MpriBentcOMPIILiRS sysieisem 600 and
external devices. Exanples of communications .
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 computer 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 networks, 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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interface 624 may include a nodem a network interface (such as an Ethernet
card), a conmmunications port, a PCMCI A slot and card, etc. Software and data
transferred via comunications interface 624 are in the formof signals 628
which may be el ectronic, electromagnetic, optical or other signals capable
of being received by comunications .iyjterface 624. These signals 628 are
provided to comunications interface 624 via a comruni cations path 626.
Communi cations path 626 carries signals 628 and may be inpl enmented using
wire or cable, fiber optics, a phone line, a cellular phone link, an radio
frequency (REPndlusien and ot her communi cations channels. [0082] In this
docunent, the terns "conputer program nediunt and "conputer usable nedi unt

are use gener ahl: redi - drive 614, a
ey oo L1088 950 BT Bt VaOR eialighSo AHE By LTRMAR A e BRI RGN | VS
program medi abgvaidsialdbl @idetisedd thatitReli Have Béeh prbseateddlyavaytiod ek@iplei €s, such

as main nenory 608 and secondary nenory 610, that can be nenory P-1958. 010

--20- seni copridicangmet limitgtiony 1§yikh he epnagend smpasns skilled ibihg reloramvprt et c. )

comut e systan s AR e HRl ST e TR MR RPDITE o cont o

| ogic) are sfemeatle kpirit BRd BcopeBBibe BO&tRAN/ THus StBE BReathyards¥epy ofthe. Conput er
programnms nay al so e received via comruni cations interface 624. Such

conput er pr oplesans invghiéon shenldnet bellimétediby anytdi therbaperdescrivgd exammBay t o

i npl ement the present .inventipn di.scussed herej articul ar, the
conput er profP fnemewté}%@%%g%%e,aﬁngﬂ%lp'@ AR a‘ﬂﬁ%’%‘ﬁ@%tgﬁggﬁngt%mpﬁpl enent the
processes ofmkhﬁdpeﬁﬁeg&n&nvention, such as operations in one or nore

el enments in system 100, as depicted by Figures, and operations discussed as
exenpl ary operations of system 100 above, as depicted in Figures 3-5.
Accordi ngly, such conputer prograns represent controlling systens of the
conmput er system 600. Where the invention is inplenented using software,
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the software may be stored in a conputer program product and | oaded into
conputer system 600 using renovabl e storage drive 614, hard drive 612 or
conmmruni cations interface 624. 100841 The invention is also directed to
conput er products (also called conputer program products) conprising

sof tware stored on any conputer useahlg_nedium Such software, when
executed in one or nore data processing device, causes the data processing
device(s) to iQ 9¢ cribed herein. Enbodinments of the invention
enpl oy any c < seabte-or readabl e medi um known now or in the future.
Exanpl es of conputer useabl e nediuns include, but are not limted to,
primary storage dbvi ced methgd of gengratinga nagsk paterBneRIEdRS menory) , secondary

storage devices (e.g., . driv fl di i sks, tapes,
magneti c storage devi c%ag?écggﬁ%% e%% ec?taggg)lﬁ)fecperéslsegéfslg,W}%gﬁ%{%cﬁnol ogi cal
storage devip&prigkg. ), and communi cation nediunms (e.g., wired and wireless
communi cati ons networks, |ocal area networks, w de area networks, intranets,

etc.). It is to be appttecgeaewting the mask nattowdroraprisingldee phd@d Mefcei n can be
i mpl ement ed HSjnN of twar e, hardware, fLr re. or conbinations thereof.

P Tos8. 010 - 1Pt g IieSive PRuEERAGine ¢ B RS Ris B8R ARE & Rmtne or esent

i nvention haygibessecdf® fitéag levdbaiteat 1dakt IRQSHECtRM feadRy thirat they have
been presented by way of exanple only, and not limtation. 1t wll be

appar ent to imésnsindewski theelird rintehsity tvel being detweenhthe firar andiseaondnges i n
form and detail g}zp bﬁ made therein without departing fromthe spirit and
scope of the™S¥ENtd8S: Thus, the breadth and scope of the present

i nvention should not be Iimted by any of the above-described exenplary

enbodi nents, but should be defined only in accordance with the follow ng
clainms and their2equi Tht ewtlod dPclbbd, @hereit-adp (U3 cQinptib&sD | S:

(b1) convoluting the device pattern with a correction kernel.

3. The method of claim 2, wherein the correction kernel is two
dimensional.
4, The method of claim 2, wherein the correction kernel is one

dimensional and step (b) further comprises:
(b2) convoluting the device pattern with a second correction
kernel, the second correction kernel being one dimensional and orthogonal to the

correction kernel.

5. The method of claim 1, wherein the generating comprises inserting

correction features according to at least one predetermined rule.
6. The method of claim 1, wherein step (b) comprises:

(b1) inserting correction features based on correlating intensity of

the correction feature to proximity of printing features.
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| A nethod of generating a nmask 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 corrggﬁion feature having a third
intensity level, the third intensity |evel being between the first and

second intensi ty | eve f claim. 1 wherein step (b)

conprises: (b 1) onvolrrﬁ?mamflﬁg g’%}hcg’ [ YUPRISI$'h a correction kernel. 3.
The nmet hod of claim 2, c\)/fg%héﬂaﬁng BQiaﬁd)ﬁreeféthtEbdkﬁrE@hsddSmtMtroﬁbﬂﬁnSI onal . 4.
The method of claim 2, wherein the correction kernel is one dinensional and

step (b) furpﬂ@éranun¢hi¢ pattssning laerpy tooimpartithe mgsk pasteteta abeapat tern with a
second correction kernel, the second correction kernel being one
di nensi onal and orthogonal to the correction kernel. 5. The nethod of claim

1, wherein the geger at TRInfeBRIIrSRImi 1NARIHel B¥mpiQhg.ecti on features according
to at |east one predeterm ned rule. 6. The mat%od of claim 1, wherein step

(b) conprises: (b 1) i (3esimulagingoar @ctidloimdgeathat e@uﬂxhstmdpmduceﬁ el ati ng

intensity of the co rectl n feature to X|mt rinting features. P-
1958. 010 - - 2B0JeptiorAEthGmas @ag?mdpa?lﬁlfogrf Rrﬂlf?F ?R&F WHg: (c) generating

a data file formatted (Q cbs hbginfﬁpigécfééhal%la toRkOE: £ gt t erning
array to inpart the ma paPter to a nmet ho claim 1,
further conprising: (ch)aidaﬁﬂyhtgithgmskwenﬂdothﬂmgﬂodlﬁadama]lirdagme)fpr oduced on

the modified mask pattern more closely resembles the device pattern.

9. The method of claim 8, wherein step (¢) comprises:
(el) generating, based on the results of step (d), a correction
kernel; and
(e2) convoluting the mask pattern with a correction kernel to

generate the modified mask pattern.

10. The method of claim 8, wherein steps (c) - (e) are repeated a

predetermined number of times.

11.  The method of claim 8, wherein steps (c) - (€) are repeated until a

result of the comparing is below a predetermined threshold.

P-1958.010



projection of the nmask pattern in a |ithographic projection apparatus; (d)
conparing the sinulated aerial inmage to the device pattern; and (e)

nodi fying the mask pattern so that a nodified aerial imge of the nodified
mask pattern nore closely resenbles the device pattern. 9. The method of
claim8, wherein step (e) conprises: (®.) generating, based on the results
of step (d), a correction kernel; and (e2) convoluting the nask pattern with

a correction kern(ia1 to enernzilatne t he. m)dlt&i(gd mas.kin attern. 10. The net hod
of claim8, where V{o& manu faciutine methpd, COMPTININE - o det er i ned nunber of

times. 11. The net hod ré‘dewlﬁgb@dem@tbﬂl@b@@@ti&@)featuk@)o B @idtepeat ed unti |
a result of the conparing is below a predeterm ned threshold. P-1958.010

--24- 12. A device nan(ﬁ)aequamn@m@&kh@ﬁemmmpm@gﬁgwce&)atur@d@mgag a device

P omrt o e ubof Dot L iy b g Bind b e g eRbn RSO I MR By P e
backgr ound_ heyirade BosaeRdeatitt ABSE ¥ liRMBlendRAe, (b AL n@AGHORGgIeCt | on

feature having a third intensity | ével, the third intensity I'evel being
bet ween t he belngbetmdn ﬁ@d‘tmtohnerMItltpnme}vlev@s, (c) using a patterning array

of individually controllable elenents to a e a beam
Sccording Lo the mask [ABPBE APeTEnE Ay bRty p el e he
patterned be 1911‘1 rRdhRid PBeafMiRoRtif ogﬁénﬁgl{]%é%?n LigThe nmethod of claim 12,
wherein step (b) corrprlses 14.convoluting t evice pattern with a

correction kernel. The(dyptdjedingfthepatiemed Beambradiation tieto @ targetportion kernel i s

two di nensi onal .
ot a substrate.

13.  The method of claim 12, wherein step (b) comprises:

convoluting the device pattern with a correction kernel.

14. The method of claim 13, wherein the correction kernel is two

dimensional.

15. The method of claim 13, wherein the correction kernel is one
dimensional and step (b) further comprises:

(b2) convoluting the device pattern with a second correction

kernel, the second correction kernel being one dimensional and orthogonal to the

correction kernel.

16. The method of claim 12, wherein step (b) comprises:
inserting correction features according to at least one

predetermined rule.
17.  The method of claim 12 wherein step (b) comprises:

inserting correction features through correlating of intensity of the

correction feature to proximity of printing features.
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15. The nethod of claim 13, wherein the correction kernel is one dinmensional
and step (b) further conprises: (b2) convoluting the device pattern with a
second correction Kkernel, the second correction kernel being one

di mensi onal and orthogonal to the correction kernel. 16. The nethod of
claim12, wherein step (b) conprises: jqiserting correction features
according to at least one predetermned rule. 17. The method of claim 12

wherein step (b) conprjses: .inserting.correction, features through

correl ating of inﬂ%nsiFseHﬁﬂwaéﬁcgﬁpgéch%ﬁr?E%RQW%ﬁ%<3 proximty of printing
features. P 1958010 1 JHhefed AOhPhIcCloBhMicPo f0deh G bFand: (o)
generating a data file nmatted to be used 1 n control of a programabl e
patterni ng aprogyanirnablepatdmingermyp skingaittae matlopatdpetna bd#n. The net hod of
claim 12, further conprising: (e) sinulating an aerial image that would be
produced on projection of the mask pattern in a |lithographic projection
apparatus; (f) cogppari i i j .to the device pattern;
and (g) nodifyi ngyt he@ﬁ%s. ﬁlggtﬂia?fhgg’ %F%O&rﬁl ‘ed aerial image of the
nodi fied mask pattern (@reémulaisgl sn nessnthas thae wend a2 paiduesdon20. The

met hod of claim 19 wherein step (g) conprises: (g I) generating, based on
the resul ts BRjestiepof e magkpaiiemdn adishassaphioprolesorrPPaEHES; (g2) convol uting
battern: bi. he net hotd STBRTIaPEy " HHRRLcH IR A BB et o one
or nore times. 22. Theg)meddifthglhe flask pattkeh whBEQI Moditie@ser{# image(d) are

repeated until _ _
the modified mask pattern more closely resembles the device pattern.

20.  The method of claim 19 wherein step (g) comprises:
(g1) generating, based on the results of step (f), a further correction
kernel; and
(g2) convoluting the mask pattern with a correction kernel to

generate the modified mask pattern.

21. The method of claim 19 wherein steps (€) - (g) are repeated one or

more times.

22.  The method of claim 19 wherein steps (€) - (g) are repeated until
the result of step (f) is below a predetermined threshold.
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the result of step (f) is below a predeterm ned threshold. P-1958.010 --26-
23. A conputer program product conprising a conputer useable nedi um having
a conmputer programlogic recorded thereon for controlling at |east one
processor, the conputer programlogic conprising: conputer program code
means for receiving a device pattern_ggpresenting features to be printed;
and conputer program code neans for generating a mask pattern conprising

devi ce features haying,a fi rstt i_nt ensi t%jéll vel against a ack%r&und havi ng
a second intensi t?ﬁ/w evé‘! CUNR &L PIOSHER POTECL6PTBEY TS FRBR U 14V °ng a third
intensity | ey@Hiunt R&vik brcénigﬂﬁe%%gré’mh@ 8 lreddeddkhBRbHESNCIntR 11 &4t and
second intensity levels. 24. The conputer program product of claim 23,

wher ei n  conpleagirone prasgssam tho dempwanyogmam lgeceontprisgef urt her convol utes the
device pattern with a correction kerae . The .conput.er. rg(lggr am product

| . 25.
of claim 24, wherein tRITPYET PRSI SORE Ffans & ‘i%"’&‘ign”eﬁg}"&i% “26. The

conput er proghaReR{mydushiredfto 6t pHiffed/andWherein the correction kernel is one
di mensi onal and wherein conputer program code nmeans for generating further

convol utes the devi ce panpwenpwigrdm godeowans fwr ganetatiog a kmskhehtternhe second

correction kernel .bei,ng one-di mensi onal and orthogonal to the cQrrection
kernel 27. THENRIGHR (S C%Fﬂ@@?%ﬁ%ﬂ%ﬁ?{sta@te@% lmegé,gammh@kge%wﬁn si ng

comput er progg‘gﬁgf z(?)Qe%gnﬂg-gﬂélit%@évepéﬂvait@ég?&)ﬂe%hfe&ﬁ}d t‘éﬂﬁré&vﬂf‘g’%ﬁﬁe a data

file formatte contro a programmaebl e patteerning array to
inmpart the mbskitpdévedrthetthird ibteasity RvéObéng Hetwdén fhhefirspapdisetonfr ogr am

product of claim 23, further conprising:
intensity levels.

24. The computer program product of claim 23, wherein computer
program code means for generating further convolutes the device pattern with a

correction kernel.

25.  The computer program product of claim 24, wherein the

correction kernel is two dimensional.

26. The computer program product of claim 24, wherein the
correction kernel is one dimensional and wherein computer program code means
for generating further convolutes the device pattern with a second correction
kernel, the second correction kernel being one-dimensional and orthogonal to the

correction kernel

27.  The computer program product of claim 23, further comprising
computer program code means for providing instructions to generate a data file
formatted to be used in control of a programmable patterning array to impart the

mask pattern to a beam.
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conput er program code nmeans for sinulating an aerial inmage that woul d be
produced on projection of the mask pattern in a |lithographic projection
apparatus; conputer program code nmeans for conparing the sinulated aerial
imge to the device pattern; and conputer program code neans for nodifying
the mask pattern so that a nodified _agerial inmage of the nodified mask
pattern nore closely resenbles the device pattern. 29. The conputer program

duct of clai wherein t t f di fyi
Compr | ses: comput 2 pr S0 EoRORS BN POr? gEMRFR, B BE R o 1 cul L

of the conparison, a cgshfabl R0graffddak medoFQARWIRE aR A AhgeqRg neans for
convoluting the mask pattern wth the correction kernel to generate the

nmodi fi ed naswopldibegreducedon projdctinngf thp hiask pastean Bxalithogrepipc prijengionan
illum nation Fi}/ster_n that supplies a beamof radiation; a patterning array of
i ndi vi dual | y*RP8ft¥5%I | abl e el enents that spatially nodul ate the beam a

pr oj ecti on_syst em t hat o (ieigrdgraitoBB iR 1B dAAAM Airhubakidghal_porti on of

a substrate; and a controller that controls the patterning array of
i ndi vi dual | yimagende thel deaivepatitrepant s so that its el enents adopt states

representing a projection attern, the projection ttern conprising a
colr[:vol ut i ongof g dlgavi CcEOTRRIETRTASAFode “Leg‘ilsr E’E‘PS&WE?}W?Skﬁ?tgg‘ﬁe apgar at us
of clai m 30, yuf %ﬁ&i’ﬁe& Q&#gﬂga AR mbHGE &%&dﬂﬁﬁgl me%Q’Ic%%l?.’i'&ée idshe device

pattern and convolutes t evice pattern an correction kernel.
P-1958. 010 -thd8evice pattern.

29.  The computer program product of claim 28 wherein the computer
program code means for modifying comprises:
computer program code means for generating, based on the results
of the comparison, a correction kernel; and
computer program code means for convoluting the mask pattern

with the correction kernel to generate the modified mask pattern.

30. A lithographic apparatus, comprising:

an illumination system that supplies a beam of radiation;

a patterning array of individually controllable elements that
spatially 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.

31.  The apparatus of claim 30, wherein the controller receives data
representing the device pattern and convolutes the device pattern and the

correction kernel.
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32. The apparatus of claim 31, wherein the controller convolutes the device
pattern with a two dinensional formof the correction kernel. 33. The
apparatus of claim 31, wherein the controller convolutes the device pattern
with a one dinensional formof the correction kernel to generate an
internmediate pattern and then convol utgs the internediate pattern with a
second one dinensional correction kernel to generate the patterned beam

34. The apparatus of claim 30, wherein the patterning array of individually
control |l able el ements nodul ates the beamwith a pattern having three or

nore intensity |eyels. TROapphRgusPRAdiAL HS whbrefl e CbifolleMasiwilited g correction
kernel generates correction features having at | east one intensity |evel

i nt er medi at edoficepatteghwdhd teo dirnensiamakfosintof theesoatectién kéroeldevi ce pattern. 36.
In a projection |lithography apparatus having a patterning array of
individually controllable elenents settable to three or nore states that

nmodul ates a beamygnd @h@ﬁﬁﬂa@&ﬁé L1553 18 WhERM thBLOhEAIE chM1Bdipat ed beam
onto a substrate to print a pattern thereon defined by the nodul ation

ef f ect ed by ddwecegmattemrwitingoneadimeysioal ifordi ofitlthraideytiadietmebid gebérete@henment s, a
pattern corrector receives wo |eyvel device pattern and convol utes the
wtithgheom

devi ce patt e‘rn!tFrWeflﬁted’aEtSF‘r Phvigs thointgmadiala Rattegy VER eiseiP eat ur es
having int enéﬁetdig_eﬁéégléaﬁ 6?%3&{%' IRER PR etY ik pRRLNEEBearnt. NE | €VEl S Of the

devi ce pattern.

34. The apparatus of claim 30, wherein the patterning array of
individually controllable elements modulates the beam with a pattern having three

or more intensity levels.

35.  The apparatus of claim 34, 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.

36.  Inaprojection lithography apparatus having a patterning array of
individually controllable elements settable to three or more states that modulates
abeam and a projection system that projects the modulated beam onto a substrate
to print a pattern thereon defined by the modulation effected by the patterning
array of individually controllable elements, a pattern corrector receives a two
level device pattern and convolutes the device pattern with a correction kernel to
generate correction features having intensity levels of at least one level between

the levels of the device pattern.
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