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[0002] A lithographic apparatus is a machi ne that
applies a desired pattern onto a target portion of a
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an i ndi vi dual B@@E und%ﬁ%héﬁ%@m U8fher device), and
this pattern can be imged onto a target portion
(e.g., conprising part of one or several dies) on a
Keldstftlat lavémiog. , a silicon wafer or glass plate) that
has a | ayer of radiation-sensitive material (e.g.,
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gherating smablapatgm @rdatlee tnh:eufeq:tmmg methatl,t agomputer-rEGlabig]
In gen é} a. S|n e squtrat Wi | | %ggbaln a network
TSk SO PR APRO S 8 SIS A kIR s  vel y
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RyJatekpolsi ng an entire pattern onto the target portion
in one go, and scanners, in which each target portion
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[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
| i thography the image prinjed on a substrate can be

i nproved by adding optical proximty correction (OPC
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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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[ 0008] According to another enbodi nent of the present
invention, there is provided a device manufacturing
nmet hod conprising the steps of receiving a device
pattern representing features to be printed and
generating a mask pattern.z.conprising device features
having a first intensity |evel against a background
havi ng_a_secqnd i pt Lty l. . QN .
100081 (', 8 dbaiE ad b lef 2iohgimeR B (B Brobus EPakioRL e i
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conputer program code devi ges that rform _operations
iR, SR e Ot e s SLredigh 8 tHEFwOpcn
gftrglge Q¥&e enbodi nents. [0010] In a still further
enmbodi nent of the present invention, there is provided
[0009] a | ilhhofurdehiembagmamat the presept invemgpnaprovides i coapuder
system a patternjng array of .individuall.
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eam o iation. patterning array of
doRtthiuter grogdry lopiadangirisaigicemplitenmogmmedy davides thapgt-foah| y
nodul ate t he beam The substrate table suppqrts a
opgrippgsiEilaria the opedbad apfl dgdeesningens dcmore R the above
e?nﬁbtohﬁﬁ qéj beam onto a target portion of the substrate.
e controller controls the patterning array, so that
[0010] i t s aherENfEtiReeRbodimahas thepeeatinienpnatherjiepioofied a
pattern, the projection pattern conprising the
lgbesrenhie prnsraips @Wﬂr@@nﬁﬁﬂmﬁmﬁf’% pptem, asfteming Yy of
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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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P-1958.010 --4-- states that are configured to
nodul-ate a beam The projection system projects the
beam onto a substrate to print a pattern thereon
defined by the nodul ation effected by the patterning
array. The pattern correctpr receives a two-|evel
device pattern and convolutes the device pattern with
a correction kernel to ?enerate correction feature
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specification, illustrate the present invention and,
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apparatus according to one enbodi nent of the present
drawergsi on. [0015] Figure 2 depicts a part of a mask
pattern generated by a nethod, according to one
enbodi nent of the present invention. [0016] Figures 3,
4 arBREEFIPESCREVHOIN OF TdRIDRA WINGBHAIGPREBSr n,
according to various enbodi nents of the present
i nvention. [0017] Figure 6 shows an exenpl ary conputer

syst lﬁaﬁ? t hfFRAh
[0013] 71V en Ie()%c%&?%%%‘l?gﬁﬁ% %Eesent I nven ?lg%dvl\fal%npnow be
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drawi ngs. In the draw ngs, |ike reference nu ers
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[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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Overvi ew and Term nol ogy [00191 Al t hough specific
reference may be made in this text to the use of

i thographic apparatus in the manufacture of
integrated circuits (1Cs), it should be understood
that the lithographic appasatus described herein may
have other applications, such as the manufacture of
integrated optical systens, guidance and detection
patterns for magnetic domain nenories, flat pane

di spl ays, thitailéd Deschiptioatdfthed@ad®odamnentsThe skill ed
artisan will appreciate that, in the context of such
alternative applications, any use of the terns "wafer"

@@a&ﬂhﬁéxﬁﬁ&ﬁhﬂﬁ&%ybe consi dered as synonynous Wwth
he ral terns

nor e genel "substrate" or "target
portion," respectively. The substyate. referred to
[0019] her ej ﬁlthﬂyghb@eﬁﬁft’(‘}c@g"é%"&,e H&¥ gF dna rlna@sepexg)%gl%pg of n
3 ' I
| e HET iRt BB A oA lugre
fuderstoqaotad theeRiheglaphic @ppamtusodesgybedrheréinspac havenother

tool . Where applicable, the disclosuyre herein maybe
aYicatinns Yol acthe mapyta e QpEcA BRI FHEARE I
I t
SHEARR o bR o KRS SorBN mpnchicd 58 58 opleF. BE Mo
magidiiathehdie efcerThe skilkgtartidan wilegpieeiatd thatyiry thel ceatexebfer

to a substrate that already contains nultiple |

#cb eberaaiive appheations,appuse of e terapsywafgrr @iy ‘dif” herein may be
I ndi vi dual r.Q):Lahl y ‘

R L R e A A

| Sevibse réshedivenn The suseshe keferaiioWerchmhyb@stbo@sed, before
radi ati on beamwi th a patterned cross-section, so that

or afies prrosurepiaermamplan ek ér.gat tog! fhat %fpicglﬂig@plis%@ fayern
SLAEP 7 AOSAR B, bl M Sy

0 beéuse n

1nbp @ ti6@ flo® X Whe Lddle, 110 diselssiralitdiR frialy e apisliddae sudhr e
di scussed bel ow. [ 00211 Arg‘r ogranmable mrror array
amalyotbengubiteate grasassingdoalid fusthen the wibpiraie aayhgressied

vi scpel astigc control | r and a reflective surface.
R B e or R i B R R Fbf et a R B b8,
§REtr R B8R IR reiRHAY QRS SstePro @a8bMatd th& Ahehdyahntai® multiple
surface reflect incident light as diffracted |ight,

mmeﬁﬂakwmﬂaddressed ar eas refl ect incident Iight as
oozon {70, SHRAGhe kA SR SPe SR Br e AR
%Tﬁgfdi YeloPs Rl Bidprefed bR fErARE RGNS HeEARLt daf BY hddd 1MW

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 mafrix-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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diffracted light to reach the substrate. In this
manner, the beam becones patterned according to the
addressing pattern of the matri x-addressabl e surface.
[0022] It will be appreciated that, as an alternative,
the filter may filter out_ghe diffracted |ight,

| eaving the undiffracted light to reach the substrate.

An_, f diff [ [ I ' | i |
oo Tl g o b ko g Sen e S, TeRine Bty the,
BifERAEEHBRNE RAHRAN ShibstERC N kfif hafhby ehOBehbdechEMS

device can include a plurality of reflective ribbons
patwrnedaaccdrdinged treraedrasghapaticen obthe natrixaaddrhssable suffarem
a grating.that reflects incident, |ight_ as diffracted
100221 ' g 1t Va1l egpesriaiedrfiey ot et i o GEREH Fifeh ooty
ul . . g X
UL B L RTIA RS Y, RERAYAE0 19 80
difilacvive updiday miidrb eledtrablonechanicabsiysieln (VNS ydevicea can also

S esalh Eevmrabidngmansn. Fadhahiishie hieal KR SoHer o <
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I ncomng ra I on beam a ssable, 1n a er ent

ghotlee td fommt Dgruthgshtinesgecs incidenr l$ght andiffractedfiginer , t he

reflected beam is patterned according to the .
[0023] addr eAsiprherpltormative gmbofiEngph e inchvlg acrregrsmanahle pigrar

15, SBPRVE S PR SR ER S SR BEE R SFch Al 0¥
Bidividlallp fged g5t abds Hﬁﬁlﬁ)lﬁﬁ%ﬂ Suitabldoa@ilizéd eleétric field, or

i ndividual |y controllable elenents can conprise one
kir el ping pisgeeleavamaduation maansg (Pnog s gain e BT fedatilon

on. m rror ar as_ her.e refer . :

SRS AR Sea R g b i iRt R,
R alRerdR3iireaiich tbGhadiResBed mirfd8)ih i hadifer, K2 RAREHREm
and WD 98/ 33096, which are incorporated herein by

is phttarnebascondingtie the addnessieg padistn of o 2sripaddresseblamaire

b,gD arr.ay, can_also be used. An.exanpl e of 'tsﬁl?:hlatr .
AP BATRsAdgTerRe; RO PRPEPd MshepyiaRe clectronic
Redid, 872, which is incorporated herein by reference
Inits entirety. [0026] It should be appreciated that
[0024] wher einghoth bf ths isitgptiohs flesstibedkere elpaviec thie armay of invditigually

correction features, phase variation techni ques and

sparellsle clepsal A cofnpling P, B agiammabls MU e
NRf RALMLEARN ¢H SR8y 89aysOf h46 rBfehdY t8fcan 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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individually controllable elements may differ
substantially fromthe pattern P-1958.010 --7--
eventually transferred to a |layer of or on the
substrate. Simlarly, the pattern eventually
generated on the substrate;, may not correspond to the
pattern fornmed at any one i nstant on t he array of

|nd|vlduallycntr Iab{Le el rre“% s ]5%*/ t he
fRaa H“&Hs Sy At © ?F%h K ﬁléat%v HREALY, it R
SRty 8 rPRE butRlrato bl nBUBRIkAR b Teliirlrh R YET
a glve perlod time or gl ven nmber exposur es
ahyrdne dnsidnit oh theargyatftimdividoadlyt doatratatdy elefnehnsd Mhisdnay bey
controll able elenents and/or the rel %(t)l ve positi onofof

iR Gasg i 4R prRREeRIFRhgdich e syentugl PRETTR RO RY Ay qReh part
tﬁagfs b&tfAtE i Wﬂt g@%e 2 lefveh Hefiol ec?ftt?-ﬁé) of REei¥ nﬁlfnberI of

ograplc apparatus®i n the nmanufacture o

cxposilres bering déiicht the @aﬁbmt o the artaytdfagdizjphially @ppasibbles
descri bed herein may have qther applications, such as,

qlanentémm the relpfiveposition of thesubstratnghiapgssps, MEMS,
[0027] AltﬁJHggg{p%E?g 2 ‘rén%@'mar?ggéﬁﬁgg  inSHIRRE & ﬁ{t]-:dusfel of

det ection terns maln nenori es

Iﬂﬁﬁ?’ap}ﬁb 8fPaditas inttlhd Iﬁaﬁufbdtmﬁagltest it shdwddibksundetstood Kt the
skilled artisan will appreciate that, in_the context

ghosapfic &Pnaé%fh%dqscrébeéphsr%@ﬂy b othgh goRlicatioss, §u5B a8, &
Eeyﬁ% fg?lm Ot Zﬁ‘j r}g 1-‘%%’ner ) §’ﬁg§n@?§ qgteg]sd{  optical

syEt%ﬁﬁ euidfick 08 detec 8P pattenyseloy makheticddifiinh ahendrifseflated
fo herein may be processed, before or after_exposure,

panek fbwl@%athm flra magactic heads; ofs| Thmllqdml@almil appispipice s
f b d dev, .
Bt 2B Pl BF iyl G RN Bl e TS Bt S
(W‘%[ee 1R hfag lb'e %onéﬂ@ecﬂbssﬁfh&%ﬂﬁ(ﬁls ReEfHEdhS ity g@iferal terms
applied to such and ot her "substrate pr OCGSSI ng tools.

‘Bubdtiata’ or t‘ﬂa@egymgom"are@pmelyb&@wbe@@seecﬁelmdrt@ erpinmay

d | C,
eproonset b S E PR SROrT o L O S B ey Gl ey
%p?h@s SYhRk rc@tr@slét hata ﬁﬂbﬁ@aﬁé’kﬁnd Qeidisps e 'Eelb&deﬂ'r@mst) or a

ocess€d | ayers. [0028] The terns "radiation’
metecangy osingdpévior itopl eWohermappdicail¢, thy pgslos\ire herein may be

iation, inclu trv Iet
PRI IR e@ ot S0 Srbonsiplatlyy Furtit SR afe
lilej%o&rsseh analﬁfé eS8t & lntorr@er‘(é kst 2R layer IC, so
|at|on aving a ve ength in the rarige of
that2(@e nenn sui:strabl Used beelr triag latso thfeans 2 ssbghtathal emeady
beans or ,e{ ectron iieams.
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 systent” 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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[0029] The term "projection systentf used herein should
be broadly interpreted as enconpassing various types
of projection systens, including refractive optica
systens, reflective optical systens, and catadioptric
optical systens, as P-1958.010 --8-- appropriate, for
exanple for the exposure radiation being used, or for
ot her. act or.s ) . an, |
e 36 S T, SSpta Sl ol 80 b
heoa sﬁclﬂﬁé’th@@s&@lﬂﬁll ifRicRdoR Aui)on A Y6 a Widulm, AeryRieE 6F
eneral term"projection system" [00301 The
the temmi“tensi bereBymexps erayidated @s synosmpasswita thegnarepprsal
tic pnents, including refractive,

t?%‘f‘l}grg{ecs%n Sbgg ‘catadi optric optical conponents for
[0030] di r eCtcNUunSRARhYsteR mePAlss @hédniehss b&&@&y% s of optical

of radi ati on, and Such conponents nmay also be referred

ctompbeem:w ingfuding wefiiagevey raflecvenand catadipptrippptical cempontents

b evbeg asgr oRRiefRREHTSRaih, 4% S Pabias

Ihab:h?o%bé é‘?éﬂéﬁﬁo%%v@&ol‘l@éh%l?%ﬂ‘in RIE S a “ddAssuch
nultiple stage” machines |t|onaI tabl es may

[0031] be usBw lithogyaptad dpplarater mayr epefpdyerhaviigeps (e gaguddstage)
carried out o nore tables Il ne qQr,. nqr.e
e Sttt BBl (Bulirg oS b sl e o Sydomtinhe

h
W SRR Lo ARRRSAL UBLTR Y?hﬁ%ﬁ?qﬁ%‘“@ﬁﬁé&ﬁm‘ﬁ“ﬁfﬁéﬂg
mg} etdanreddyouhogbne aiiae tables wihild exe ¢remgre otheatablep aredbeings
to fill a space between the final el enent of the
%P%foé@I‘P‘bﬁqresyst em and the substrate. |nmersion
0032 | ¢ i e RN AYRO G ARyl R e RAGR Tnd dlpdchie s

[i thogra app at us, or exa tween t mask

immtkrdeden i Ihl‘:lﬁid lﬁivmg&rrélaﬂf/eljf high r¢ﬁ‘an11e@:indem (esgl,S\t/ﬁBn), S0 as
| nmer si on techm ues. are well known in the art for

tp i} aagrer) between L glemgplept theeprgicchpon skdtmomd the
R rhRSa) ARl ToF PRI U5 RY PR b

hedgiaic @pﬁfawsgifoa eﬁhm;ﬂé @emre@dle peksk andihe fiReclaufR bf it e
attach chemcals to the

(e.g., to sel ectlvz‘?‘e&_l
pseibefiongyeiey mrgersion ineesareyel kyowmia the arf B increasing
ruct u Li t hogr aphi ¢ Projection
tﬁ%%‘grrl%}caiaax[%%%eﬁefégggt?og as}'gt%mﬁenat ically depicts a
[0033] | i t hoqe@aniice Sipatae! hepbepRAIEHUSItH 8 @luid processing cell to
allow interactions between a fluid and irradiated parts of the substrate (e.g., to
selectively attach chernicals 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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according to an enbodi nent of the invention. Apparatus
100 includes at least a radiation system 102, an
array of individually controll able el enents 104, an
object table 106 (e.g., a substrate table), and a
projection system ("lens")g108. P-1958.010 --9--
[0035] Radi ati on systen1102 can be used for supplying

100351 {1 Raestaferc Beced Pe bisdtun sipbbiica fiat B1q ofbaiiton "
Qrgy ﬂaal%tloﬁp%ﬁa:h ﬁpﬂf‘ﬁ f)ﬁ'ﬁcvﬂfn’ b ia¥dodibpnibes a radiation

%ontrol | abl'e @l enents 10 a progranmmabl e
sourgedrl2ar r ay) can be used for appl ying a pattern to

beam 110. In_. gene , the osjtion. of the ar
100361 nc B8ERY 5 1%%_9{{@31_11%Oatraﬂéﬁ%ﬁ%w%gtsi@ﬁ(%namgr@h@&
ity dhint) b 06 QLR BbI50Ag WAl o UERMENIES In glnfifl, the

positianodd el erayl efindividublly contyollublec elaments @4t ancbe ﬁxed
posi tioning  device (not_shown) for accuratel

rﬁ&?éw r%axoa@tlpfi siteR 108s Ei@é*te‘f?r@ 1y, plGERAtS aé%g@lﬁmﬂ%

o RS St A L0 R et ER IR

davice)nétishownl) for sudatately p@ntcmig 1ahith r&sheorenprejectiprOgsiéin
]C{J% ect table 106 can be provided wth a substrate

el(erﬂep1cgqgequm1@mlly§onl§q4@me)elq%ent% Hi4gpre gi greflective
3 | f
ES#Q E Sé aﬁa% é}é% ?1)\/9 o 1?%&@?%?6 %%8@])18'5% nﬂﬁ‘ er or

[0037] conn e@bje@t thifle 20O Beipasviidkal wieva adsttdbhblder (nampwlﬁeaalyy

positioning substrate 114 with respect to projection
bﬁarﬂ@@émg eoBbstraty bjdsig onresisseqafgdinigoopewgfer orglass

SO0 B R AT or LR B A 16

ABlnatdlPhsitidingsubstrite 1 14 Wth réspsdt e brofesion Syst&e d0g.or
projecting the patterned beamreceived froma beam

[0038] spl i tRrejectiars spsiem D8t @razet qpata mad{or £8FZ deng. systsie opg

of subst.ra egtion 108
Sioptis R, SRRRE s cletrinss mpbe Folrfhe G FR R oF o
Iﬁﬁfgrrs%texﬁp bﬁl 5 ﬁ%%ﬁ{)%ﬁ%tlﬁ@ﬂﬁ ﬁaﬁ@ﬁfeﬂ desin Fdetived from a

Al'ternhatively, projection system 108 may project
eamgepditter 1 1§ecurm d aargetspoctromeléof(gg whé¢ ehmotecdied) ofreuhisiratef

| | trol | |
Lidk Bosedon St 1Y bR Braith 6 Job e s i b dassy
SRIBAbIE cRnFh& 194 |oﬁﬂ§su€§t{'eﬁ‘é/ 1{AM Aerh@ively, g&%on system

secondary sources and to project mcros ofs onto
Hshsaymbjectliidges 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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[0039] Source 112 (e.g., an excinmer |laser) can produce
a beam of radiation 122. Beam 122 is fed into an
illumnation system (illum nator) 124, either directly
or after having traversed conditioning device 126,
such as a beam expander 13@, for exanple. Illum nator
124 may conprise an adjusting device 128 for setting
Louter and/or inner radial extent (commp
il et s o bt Sotmmrients Sueh &SRR tetryy 139
[ i St n : [
PR o RaRSE! 438, Sl MR /o9, i DG riipging IuE i faor
indodidicdly canirollsblo tlerents difd drae rat desiredi ohif@sninand intensity
integrator. 130 and a condenser 132. In this way, beam
4i5ibUHER WS GOSIeE e array of individually
cont rql ' i ] d
fovd0] O LB B SOETRedR iR (TR BT RN BY bl
fhe hebsing df bhogapkid projedtionrappanis t1 00 Fisgs vfted thetchsdt when
source 112 may be within the_housing of Iithographic

edd2iinhmarsyas ampsion oxample). i aliprpatiye epmbodigeats, sace

(2281

' y £ | .
O G R e DT
fadimibe bedd 2R idutdbadineteding fpphiatys HON(@/zqtwith heQid éh

this case, radiation beam 122 would be directed into
spighlealirgaingouinioss) o This |atiepsaenwriois gften the saserigpgource 112

3 ; ! . S
QAT Bl 254 10, B0 BorBhe8 AR of dsB il WRE
SRBiaShRl Adthihak sbspelof efe proRacinsaaivar i os are

contenplated within the scope of the present

[0041] i nvenBéan 11§ gdwaquepdunintasptsiib saaviehindividualy certpllablene

rra individyal Ly controllable I Iy Q4. af ter

Aanie So4 4P bipE HBranheni b s 15, B Behatngl
Byetht 8Ghesk individubBy sdntdVablk clehéhiéi 104 Heath 100BhEses thadgh
€l enent’s 104, beam 110 passes through projection
wyiEcton HE8m 108, shidhdocsesbdssnhi O1onto a target gottionddp of the
%grtio 20 of the substrate 114. [0042] Wth the aid
_ stRiE 4 oni ng device 116 (and optionally

[0042] | Nt er QR LI & pd¥RBAIHE d29icd 9V b Yend SpticRRlR iM@ERoRERCe
136 that receives interferonetric beans 138 via beam
wpdsutingdevied)34 onualbesardite 13 Gthhirededés er favemetnig behms 138

accuratel.y, as.to ition differept tarqet

BopengplderctiOy e R |G be el s B ot a5 the
[ £ ar r oV FvoinE:

PRI PREDER HRY SROR1 0N 1R B oftean DY VNS Lild, e

paitiondty dehiee fardhd areay of individuallyrcaytraiablexderuerts 804 gan be

control |l abl e - e
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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el ements 104 with respect to the path of beam 110,
e.g., during a scan. In general, novenent of object
table 106 is realized with the aid of a |ong-stroke
nodul e (course positioning) and a short-stroke nodul e
(fine positioning), whichte not explicitly depicted
in Figure 1. Asimlar systen1nay al so be used to

posit rr a ont r.ol |

10043] £ g o i st el EtiRnter b A AR S ey
Badix&d, WethRabdnuRl M4ddRigtnhSRA1E YvdrSubshuRab]e 108 Where this
obj ect table 106 and/or the array of individually
satene oubsinite tablle hispravdedraith haveltitndeiof epepiogs on adlat o

id
BESpm0 shyost 5k beire el FPin' e EPRRBIER ) Broyidecs s R pion
FBRAGE ERable o?bﬁiﬁabf'tﬁig%ubé’cﬁt@l 1 OrHBiK cBfventis@Ally réfetrdd to

substrate 114 bei ng noveabl e over substrate tabl e 106.
ey ar bdaring aitgngtoren]. Sulistatedd ¢ it mbyed aveBsubstrphe dabilel 626

wW.th a mul ti f openi,n on,a. fl at er.ost
ihY g8 T eyt dBSE g vt BRriE G RE e
1?%‘&{%9&6 1149ith doSpeepRARS ﬁatﬁfof %HQHQ‘?O' Mternatively,
ubstrate 114 his Is conventionally referred to as
subsaate 1b4 arnaybg IIBIVBdl nyamsebitrateSablstifabe sdldotiviely stotiegland
over. s bstrat%e\ﬂf able 106 . usi n one or nore actuators

ARG H5AR§Sas o 237 toRER S BPRIEY accur at el y

posit i ﬁhﬁ% : t f
[0044] beam Jﬁ[gb Al ter %\l{l v H&IS%%E%C?E&E&%&& Hlvgﬁgmﬂ?r%gg

deseribsisdeingtier dxpbiing aﬁa&lsbyn s aibstrate)ietvill lsd a:pmamgecbdhat

st oppi ng the passage .of gas through the openings.

the emeption) i RBLUGRILH P Hug PRy aa%%w%%qunm used B’rHiPJﬁﬁf % o
;giﬁé%n{eﬁ‘ﬁ%&h'l‘?ﬂ fhrSysB ?ésﬁtle%str g@%gi as being for

osin ares on a su it will be

{00451 appr el:lh@d@@bté&m:tparatdselﬂorcmbé usud ih Sour@keftrred medest 0 t hi s
use and ap&éﬁat us 100 may be used to project a
[0046] pat t ek-ned redo therentise pafeneen ghe awigy| ok Huliridwily.

T OIS R L R e ALY

et gértlo® 4. ﬁb@(ﬁt@tﬁbw‘ 106R¢ghhh thaaed W theoMd/ ey @&b@ons
elerrents104|sfproected|noneg s e., a single
tof 4 differgntosision for ar Gderepbfarged portxm @Ubsbe atr@dlﬁta@lb@

19%i t he govedlnthexand/or y directions to a
Rf é’ﬁ?‘“ﬂ& tion for a different target portion 120
[0047] t O beyirr aglaathRdesenially #e8ffe RARP ML, elRPARit aZiven

Scan node: essentially the sane as step node, except
tatgat partignvie® 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 = Mv, in which M is the magnification of
projection system 108. In this manner, a relatively 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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[0049]

[0050]

[0051]

[0052]

target portion 120 is not exposed in a single "flash."
I nstead, the array of individually controllable

el enents 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 controllable el enents

4. ncurrently, substrate table 6 . .
Ethas wHEHR 4TS bl alisrhiation sierg 1020 SpBptstable 106 i
ot &Pt On BdsetialReBkidt ilgémd sudth¥pafdindd b&nt ') is caused
magni fication of © projection system 108. In this
toasvae 2, lime awbsit substrate [166.98ht gatjen q@oiheiaoay KEOndianrlubidy
exposed, w thou avi ng t.o conpram se on resol uti.on.
Fppibls el o Reupiiied s PRt 3y fodisfon
SRRk Al &l ife géu@ ¢ BmédSuchihat KERkessHRIGIME fWrlidns 120 are

tationary and the entire pattern is projected onto a
txpogel at ferrequired 16baliOfshr3bibstratelld 4- ChdRquently) fattemad beatrll 4

usi ng pul sed radi ation system 102. Substrate_table 106
i@cwwwwugﬁmégi%fq SHPOYe W6 FOMRIRC By fr dHHiR Rt

SBERE1EY. AL B AT 02 118 e
expdiad liheethy ime. control | abl e el enents 104 is updated as

requi red between pul ses of radiation system 102 and
the phl sesCantEmonsian aedp: seseafialdy ihe sams appulsgmpds except

. . . on
B 4 0Bt nanEAB0REE pflent 16 LG &fme B, Bl T
SEHOf ARl ¢ig6alBdatroRdbie dldMeiitd 1 @Kipapdatéds panembdbem 110
pattern for a strip of substrate 114. The process is

seapbaoresy subttate tldmaderposstiBst rat e 114 has been

d i by, L . . ' de:
eXP oS abl ool SRRl o R BB A TR
&by Atdrattinodee Bstikhay A€t B8 émplogeast em 102 is used
and the pattern on the arraal of 1 ndividually

cont r&$ didshesed|abpemthy adtling sddipenid sthalsfeplairase poramopam

110 g b d it. [0050
B RS RERGRTT St Op e RafRE R RR T En e MBS
JRARSfeRliredSe %meariﬁqhg%ﬂ sibstrhier1eatcaiBé afpRled! STalRIs

al so be enpl oyed. [00 As di scussed above, by adding
diffdient Gomais of RRC fefabuesurays beerodesonbgd. Examrdel 03& featatres

et oot ol Qeocphsewaes e s Bl Radhsbi
?H.Pﬁﬁ ﬁ?ﬁ% if d}f%?&%ﬁcﬁﬁsthﬁﬂéﬁ.ofv@r@xm}{ﬁl%j LuFerin@ibhfRhs BE used

orns of OPC features have been descri bed. Exanple OPC
foahatulieespatial 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.

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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include, but are not limted to, scattering bars,

| adder bars, hammer heads, serifs, etc., for use in
di fferent circunstances. For exanple, scattering bars
can be used so that the spatial frequencies of

i sol ated or sem -isol ated hines are nearer those of
dense lines in the sane pattern bri ngi ng the process

100531 | os el Mg fiun reapnpsey i BTy ot Rt BAL fpunt
R ResiSPPHi S bU i Svediy ?nﬁﬁdr@@hé’@?@ flatr B8RS M By smaller in

correction features that dare not iIintendéed to correct
thawo xha“rcm}caéfdimcnssora(@[)) uthess stue tth alilfiaotiex eround dhenOPE

it e ontroqiprcin Bl AR S %hacpr P SRSt doge ng st
fhatbd aP@ﬂfeﬁg:ﬁ?&%dsoatﬁat tﬁ%: Hgﬁﬁtlﬁ%‘ ?ea'ttﬁ&seﬁ@e %é fevice

enconpass all features t I fy The devel oped
ficntaess abd hnjamthenfeatuteh,eﬁoseiangﬁe miks or taagalta;:hatrard: intended to

devel oped, i mage 958. 010 --13- 00Q53]

eRErafhed eaekoeeﬂﬁeﬁlé RO resfiobisgke PBGetigs donot. T
L & [

HOFRE R O DAL R Dime Ghejs 1 OPE (Blmredlilay i ot xcecd

theedsisethrésholdibnguestiliin festitcs dat ard mnamingi m'ayﬁﬂlbvelo'ﬁmmt of

due to diffraction around the OPC feature, the
BeFshst in an aerial image is reduced. The exposure

dose t
[0054] desi r@gg b’?t:gl?lsft!s, conﬁ ? %‘E‘gflsﬂ)(4 ?‘ch}lgﬁﬁbgggv I ce %feg%r es
}ﬁﬁ Sramiyably Merrflﬁ@ﬂéﬁi% or the lik& XieRhiRre¥abith peintih ffegRis
hat are intended to appear in the devel oped resist)

aévap@g@ fwiereﬁ)sglresdeﬁns@tbym#@maxﬂlff@my ARENYlY lewel than the

ReP oy SoF, RUBY B0 Al b IRAT A5 Rp 18 B,

c{e@ﬁ:'éllstprbﬁcfea@hwsassﬁdtatmmmsmﬂe Appatithueeoatrapment
of the resist. [005 ]1 In an intensity-contrast device

gl featyiscine mm@telwhr &xarpmple ag isfhe kase withgcopyatinad| e
atternin vi.ce, or the like, the features (both
%‘F‘?Iﬂ?f’lﬁ %&R‘Eﬁkes and OPC features) are defined by
having a different intensity |level than the
background (e.g. dark features on a bright background)
Brethpdary iGentyestd¥evidedncluding Eant Beaprrey andt(Eairaghom Features
substrate 114. In one exanple, for maxi mum contr ast
the dark features are conpletely dark, for exanple as
st

o0ss) | £ NSGGRIRHCHA AR RHASLD 08| cn 0P PRI ing
tbeat embedimedt Guhe presdnd imvErtiony fethis 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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[0055] Figure 2 depicts a part of a mask pattern
generated by a nethod, according to one enbodi nent of
the present invention. In this enbodi nent, the
correction features are set at an internedi ate
intensity level, that is_Rhgtween the intensity |evel
of the printing features and the intensity level of
he, back und,, A dark L- ri.nting feature
RGPPSR ST o DRGSR s Fiysea rd °
ﬁegtaﬂpé Bne FsisDs b, fRek Bh&wherk theiBR&hAhYaffRl&clpAhNY
ransmssivity, reflectivity or emmssivity o

alp wthereit daabear ehipoged ol'wiseinhgemenah eprionting feetires| & \mayebe

IS transm ssiv efl ect | r . self-em ssi

RS Beaobfiied St ot Ui Eipeief ety Ghadkerding
@Pﬂég&ﬂﬂ?&nk fiselori ght as possible, having a
transmsswl{% reflectivity or etmissivity as high

[0056] as polisthis @mbddimbnid amkoﬁseypasrcﬁ'snomact_mrbfdagind:s are provzded

background, a positive tone resist_is used,  that
HauRCpriE e hdrahiingseatering baps 3 B ghagamirhsah 6. and 7

411% }-, .nfhe%e%ugﬁ f%%ﬂﬁesbﬁ RS HRARE by TREs IoRlaRRi &
evel s are reverse | a negatlve tone resist 1Is
inspfledivteainténsitpleeelytheriear iﬂ&mﬂl&}ﬁlbﬁél betewean the fiadt mﬁtsecond

devel o nent only where it has been exposed Thus,

rg&qneﬁsa eyel Br hﬂq ¥guplen therfist intepsity lpvel israbstantially zgw, the'

0
BE0DReP ARE R 0L iR TSN Yo e
e%@:%eﬁionb fnd ﬁhb ﬂuﬁﬂhtbdslfgﬁetel isapproxitfatelytes* Ghax dnveddison
eatures are provided around @rl nting feature, 1,

¢xao1plRsi thgﬂ@cchw@mth tevelanay b set any desiedins somvepienhlgvel
et B8 e o GRS} Pl 8 R i Ridh Rt

ﬁlagaha\aesjlﬁ‘&ehﬂh@ﬁgtyuvélgvel betvveen the first and
second intensity levels. In an exanple, the first

[0057] i nt erfsiang dxemple, seme ovreecinn ifearirps wall Have the same depmpity
i nt.ensi.t s lmax (e.g., a maximumintensity

el g ppgﬁngaﬁaﬁtgﬁsl cular application) and the third
[0058] | Nt enpid yo&e%ﬁsh fESuRP AXAIERheV e/ eithd? the sHB phhdd as the

various exanples, the third intensity |evel may be

motting deawrgs dos be eut afiphessn\tiofphasesorkctiondbatarss nay de

d
desfsar e aPgeng o, Tile 06 Bt aBlflind e Shat of e
éo?ﬁé@lllocn fe&tggz'é z)}ovlﬂbs Q&(ﬁh&iﬁ@ﬂ@llﬁhtﬁﬂ PRyvERS: c%%btﬂ:ﬁh features.

features w I T have the same intensity T1evel
[0059] pri ntByn gleﬁnmgumescoirectﬁcimfﬁ}ura'm vithoomee ot |1mrefla@nu¢dme

may al so have either the sane
1nten31ty evels, constraints on the dimensions ots the &R correctlon 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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printing features 1 or be out of phase. Qut-of-phase
correction features may be described as being
negati ve-gray. The option of adjusting the phase of
the correction features provides additiona
flexibility in providing.gaerrection features. [0059]
By defining the correction features with one or nore

S HEHET BBy by HBRR e R PP LA 88, Bkl

hiurdsDAhRE cad dl1dwWisol A RlerER radit. ISBt&@1ASY, the 1h@¥dortestion
| ower than the resist threshold, i.e., not sufficient

featurdsemay beeepsisk pomanwfaeturedn s mpsk and mashesphysicady more

correcti features can. he de I .as_printin
fEBhtt o by, it B HAST3 b oR (e s pBR LS ol
hatteARY RckiRai RS $ésolutiod Sh@batable Aethe Briti@CHinRRAsibe aFHidte
can be nade |arger than if It were defined at the sane
hastohpievioublybetn pessipld. nti ng  features, and still not
be discernable in the devel oped inage. [ 0060],These
100611 og enalb6 Sutersrabursan S8 Stalpd SpaseeP mak bl GRS o
Jg]gwaﬁ fRSAiate !_é'va?&épséndﬂﬁg & igd @hﬁﬁétqevifeé Fﬁégi. i nat i on

the constraints on the dinensions of t
[0062] P- 195B.dRit@xample,programrmebtle patiethewtdeviess aramhetdntlysarfable

greater. flexihility in the design of. correction
FHoprpiiases Ao SMHGREnEy niPpG e Rt PRSI, an
» . r o -
SEGRS ook o RSOIRAOSFEL QonphSEd MERTB Mg
Ipdy shiva) day definemulipbadiffereRhinteikiyy levels eanordingityl aposition

oS I o5 . SETLISOLD S POBCAIRS
e e

Srder difftdcad Heg@at.ures may be defined with an
i nternedi ate | evel, depending on the contrast_device

[0063] used.Inppeemnley PsrgsaEghlspaticrping deussraBtEeised BRARNS
. j. N | i
BRHETT ol PTG o Manh MU e gnglor

8% adiRhidg spebd. B thRxahpkd] £ fithadiratieén PgivercebmdtidS odiniaaes
(sonetines referred to as a gratin i ght val ve) can
PPsuTe Oils dutp ratioglefqraines @ nehintsnsity %Vﬁevel s accordi ng

o061 %, SREF eyl R R BB DR B8P M

BIcRAGS i 8 FefREti v 1Radkah arletl 98 Gefitier d2fFérest infehetyl1beels.
zeroth and higher order diffracted beans. [0063] In

one exanpl e, programrabl e patterni ng devices may be

}Ec’e%jplg:t& P?ocrgs)s%g 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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in which a swtching speed of the device is faster
than the exposure tine and/or the scanning speed. In
this exanple, a time duration a given elenent is "on"
in an exposure or its duty ratio determ nes a net
intensity level. [0064] Lngane exanple, an absorber

t hi ckness of a nask of or a nulti-layer t hi ckness in

Ao B % BT B h BB P b RRTe
1GRITA8E b AteRRAM £ cERparetansble @@ﬁ@e héditne SA Torrtcidi

5 depict nethods. of generating a nmask E@ttern
leernady whinlyis determineid mjsen@wmnﬂt@ smtlat usmégSefﬁt agiven

létg%)/g%\%tgll} gn W 11{11 argcong}tlo?‘ﬁ, ds ﬂpﬂg ed grﬁ]ax astorage
SRRIsD A} hieR faly @%E@Qﬁlufa@%ﬁ@ﬂdzﬁb&hﬂk%nﬁlﬁb@dﬁfeﬁm apparatus

aut omat ed process used to determ ne appropriate
adrareonditions, enthe kemet io gﬁ@r@tquby sualgarithmgprdstergdying ¢he

{RRRARER RO ER ST AETIE Bl ARl Eh PR e

tpgaﬁfaﬂﬁeanﬁﬁﬂ fiMARGION 8bndRtiort I THE KRl W BiSn cbﬁvdlﬁlﬁ&' byt
an input device (not P-1958.010 --16-- shown). For

devaneypaternish e 4 mpliiplidiesdite gersnate bprojdstion p@tetthhwh‘mS tegdl
i.nterface .or, a reader_.for

t k
B img BT AR I8 O5F GRAGUE EFRFELGE epihros t fgiprojection
B8RP hnay WAVE ikt P10 abyP aCLBRARANS SRR A dr26tRer

spat | frequenC| or a gi ogr aphi c
spgali atntyss, awtdéio maly [belapprisdimated @ olbs¢ly an ppssitde s thed

froma stora devi ce s2 lurality

Oniiaey e élaeerﬁs qm@ﬂémméﬁr%f aﬁwmwt é&s‘a@w&f of e pafiTiie

(%g % or the kernel is generated by an algorithm
&‘e erm ning the appropriate correction kernel

[0067] accorfigmg 4 ehdwipui ap@iaidEl prosess aised tigetenmitbexppropriate
apparatus and/or illum nation conditions. The, kernel
qosreg i feabmesotoueeapnlied HO adgivet Bevier PaieRn, ccqrding to one

P GiB ol i eGP ARIliEn ™ B Flgff' 4O 3hl Sellond Bhe"

expaosure s)

diffehi6iidl qtem%&a&eu Bgplied of @ale@at@d BrdZand smahﬁcenealuemally
have intensity |levels that vary according to

conpekstsidareith daviestnatiern iy m&tlwl%%ﬁﬁe@ Sihi @wwmﬁale the

pf: OX] At :
BB ek B thE BT e x
diRCRHS atotnt aurk ex@hdinB&npbt te fdir@tglonda&idl Be dlB@dgenEﬁ%ﬂ
Figure 4 shows an autonmated process used to determ ne

fapprespnitla ¥ dicsstion etound linenexierding i e Xagprotion. tlo ape
eg(amppe %% pa&eern cg}lttal%rs Ighly fies éﬂeﬁchng 3 oRf ﬁlrectlon 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, af 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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enbodi ment of the present invention. In Figure 4,

first and second one- dinensional kernels are supplied
or generated in s2a and s2b and sequentially
convoluted with device pattern in nultipliers s3a and
s3b. In one exanple, the_jene-di nensional kernels are
orthogonal, e.g. one generates features in the X-

' ' ound | i . dj ' h dj [
ElisSk SRS Jenu B S B et o Ko el e
oM dfpRBng X8RNy in the X direction. In one

exanpl'e, if a pattern contains only lines extending in
[0069] one dFigeret slorws iat flowchars siepicting t mgthod niogording rigl ene
one- di nensional kernel. [0068] I n.,one e l e, ,the
e A AL R R b
M@h—ﬁ%&%@a BY ULHSBilith Bf Ainferin6 B ane iy 1864 Tofrleticht
east ‘one predetermned” rule is used to 'determ ne the
fentnmast acoordofg oo thee atvientiorf @Howir s .anFteratevea appreachata tiee
may take_the tor21 i f ﬁhline Es i.sol ated, then inagﬁ;
gengigficl of patPerien fspEe gk Lmdarydeyine BALTE ot Odha
%Dglg‘gﬁrggp@?s@ég&g%&g}é%gocﬁug% iia one p(%(fe%or e fti %f Jﬁdﬁpgg' ?g ose
wley e grayveale fiee. ihatimgdnteymedaelintasitfFle t€5®r bindry ashil initial
phase) of a_correctiaqn feature to be inserted at, a.
PPURATAEEL t [bFleas1d FHNEALOBPIAN PREsUR Hlél;{’ingF‘? Pregpetion
int . r -Ej .
UL P LEELL R LB o Mo R e
fntage.priesasp siayenddt@mindtiont i maderhodd verther aheiresudtnsl
degrees of freedom provided by the possi biég&{lty oI
satstaptaBailkses In AlEB LT MexpayER(sHB (Aro@etiemneds Hihe spylated
&%8 Sfrgfs'ﬁ%% éO%F{C}lQI%dISQtYS?ﬂ& 9Nn §{e|p Q¥4 h@OPRYe atd aYlEJsted
approach to the generatron of correction features. In
g&idefe procdss RFurhd pubtesleV? e repaitt the BinAstidoPCompaxddonr e
applied, according to a rul es-based or predeterm ned
otayminntion stePhaisaePedinf- be grayscale, i.e., having
[0o70] 't eggﬁa?}gt%fc%ﬂ@%} Q?y&éé ier%@a‘teS&un i gtk&%ﬂlaehyc#uﬁgwad} iinBbd 458

appr Sinul atron o exposure

d¢BieRed bher RpRideeihed ndbbedfityélss.carried out. In step
s13, the sinulated image is conpared to a desired

[0071] i nagdn vhmousteapmples, theadjestaenisteptsil daf the OPfdisatyees mpy be
ether. the result is ati,sfactory. |f.yes, in step
S P et ied of Bspd PR iRE sERbBldhst ey The " 1P
[0072] S| MUlAt&H ¢ S Uhe dirsiulifibn GAD TofPhesnSabils At @el tol N
step s15 the C features are adjusted and the

qQictés s coatationskeruel swhich 44 2prilied e theapatteireproidneddshy ba,
pcrgw 1?sriite?'a?tpon?nd

[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
stmulated 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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determ nation steps are repeated. [0070] In one
exanple, the cycle is repeated until a desired quality
of image is achieved or for a predeterm ned nunber of
cycles. [0071] In various exanples, the adjustnent
step s15 of the OPC featuwjgs maybe rul es-based,
predeterm ned or based on the sinulation results.

[.0072]. 1n e _ex | e he sinulation _and co ri
iRk o £hd ey e A S o g P SRl
Meﬁﬁaﬂd&h@ idced ihfagbhe pattern produced by the
previous iteration. [0073] In one exanple, the initial
application of OPC features step sl | naybe omtted
nd the cl ins with a sinul ated exposure. [0074]
ﬁﬁm%ﬂ@yéiﬁﬁﬁﬁ§sg%%§blts of actual exposures may be
used in place of the sinulated exposures. [0075] The

basic criterion for determ ning whether the mask inmage
[0076] i s sUTheglsbeesfeasiof thesevention foagerieratingiprajéchivn gattemesywhetberas

R D g S e R
ALY Bibsc BRYIeAlh M ARYPfy SRABKIAGzhAARY LERIA RN

or sul e way, for exanpl’e by the Sum over all
FedhBBBoway suitilile compputet, svhadh mdyebedi standradorcalebt wepat athe

squares of the intensities of t desired ttern and
EReonTal SR AT P HIPETPRICAPBIARY. CHRBIEEITSYaY B Pt P8
- r r nekali :
TS PAGRSESRLahS S BP0 (SROFRED e suvl
d¢onefiaiicatns nevwolles. ef f ect ed by conputer prograns which

may be witten by those skilled igeégge_ art. in any
[0077] sui t dHGe 6 pHuspiesaAR ARANRIA GUMEBCTRY8te c&&\‘é‘&%&%ﬁ%ﬁeﬂt

SUui | i - \/]

BRSO Ol reififfe Ao Vo RRELORKI R

SmpaiBiehton dlaclepdriv@d afterm\of ids stamisld computet! kjstdmh 600.
conput er -readabl e, storage nedia and transm tted over

éﬁfrtrami@g thisodaserintions itovill beeamygsanpatent igavpersomyskilled in the
t t . . .
tele ot 3o Ap GRS i Sl HRE EXTh Aoy il

tr@fchiteadakl e code. Various enbodi nents of the

invention are described in ternms of this exanple
[0078] conpulter caypitemsysEo 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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[0080]

[0081]

[0082]

After reading this description, it will becone
apparent to a person skilled in the relevant art how
to i nplenent the invention using other conputer
systens and/or conputer architectures. [0078] The
conputer system 600 i ncludgs one or nore processors,
such as processor 604. Processor 604 can be a speci al

purpose or a general purpose digi . Si I
pedcieaggnd/onyates foseraknrbi steraes e ina tPiikgoyn manner.
. r fior.

SR M B0k ST E SSRGS mBERITE (e, B
dieB Gxd. bathiisread bysandfritid to by xanpiableystarageudrtverc 14y As witl
After reading this description, I, '

] t |1 becone
bapgBReriblegoths jomO¥aHe SITPEShBnf 418 EcIpdas e, SEPUSF usqhliy
t,0 i npl . ' L ' r
el RicTTR sl bR Pt ot Bl R8s ThiRE oGRS
Conpuheiiiciusiveimfeferhticns] secdnddamandrgic H0 mayiciuds OBer
preferably random access nenory (RAM, and rra¥) | so
simdlaueans fowallowing onpEYenDyoB s Or othe RsbusHeRstY ﬁ&%@?‘&
610 may .i ncl.ud f ' [

o GERurE 00, SUpEPRER oy Bt for Lalhell a¥mbebie
§tbﬂ§9)ﬁnﬁ 63K afld hiy frterface BRQN Bk rdple@pLsudh inveans ay dpfludead
di sk drive, etc. The renovable storage drive 614
Prog8®8 cartiidge- and- cartridgel anteifens (Swaly ¥y thay foued i yideo game

iR ErdrabRomein chibacuih g JB AR EOR T PROR: s

PREIOEEH GodldR CandOithérCRinovahis ktor@ieCunitéhd 20 aridSintee fades0§20
and witten to by renovabl e storage drive 614. As w| |

tbichpiowsb fwert,antl datate hotrasfared fipnnihs reme vabigorage unit

ncl udes conpu usabl e storage nedi um havi ng

é&oﬁoé'ﬂmim%féﬁggagﬁ%ut er software and/or data. [0080]

In al ES@gg{e} %E%&M@Hanagd ineRde 2 SREMDARENOIREREIYC®20.
e o

may i nc er simlar neans for allow ng conputer
Congramistions intehfece 624 stlowssdfiwase and dple td beiftpagierrpdbeiween

ConEiL . 00 S0, SIS a0 PR LF el B
I BLk 368 g%&fl(g}ﬁ%@mdﬁém?fa e HfdHk ReffceBYch ACAnUEkBerRet

%orogramc ge and cartridge interface (such as
tdra), afcomnshnicativasient, g RGMCHeslotasl)card eice HoRatiakeandeiatsr v

Skt cd iR EoTOE B BBV E A B RN PLIED Gqrhich
N
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.

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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[0083]

[0084)

622 to conputer system 600. [00811 Conputer system 600
may al so include a comuni cations interface 624.
Communi cations interface 624 all ows software and data
to be transferred between conputer system 600 and
external devices. Exanpl esgof communications

interface 624 may include a nodem a network interface

bR (S baphie B el AL BRARE Y it
%ﬂﬁﬁ&éﬁ&g@@ﬂ@a&%%&@%@@vmﬁg@5&@&-@ tFRte sydiem

e ftormof signhals 628 which may be el ectronic,
60&ct romagnetic, optical or other signals capable of
bei ng . recei ved

b mrunj ¢ati ons interface 624. These
of gnalemBIsT RFeErRis (AltechLies COmBHIFE PRI IBHO) s LRrPd
. ! . 5 ) .
g%?hﬁﬁ%lg%@cég?rl esﬁsgagfrl}a smg%gﬂla? 'r(r:gyge [ E{)Iéene%?g%also
bstaogived vie comnambdaéiond inteeface @bt i Sush campiwengrogianes, when
cellular phone link, an r%di o.fr uenrhyﬂ#RF link and
grasuted, g CORIUEH 8¢ AR fogm fg‘@f’é‘é] CpFesehfj1gvention as

1 h g " iugd
RGOSR Mereihi | S Bar, S DM or ERAAENIRA By & Enghle
e prestssor $04 o Asple@smvhbp@csdses alfhe prhsenténfion,asublang

disk installed in hard disk drive 612, and signals
ezgatians i QRe PT MEFoUPRARtHELSYSITTRHY: abApicted by &igres, and

it . Co
PRSP AR LR St GBI P b3 i
FRAES B-5. Rct&atheBi Quchrcdthputes progexpmdepresuns cdrerollingaystems
dynam ¢ random access nmenory (DRAM), etc.). These

e%thpm@utgrrsagtp@rﬁoﬁr%w@ Eyetiorangplgrentidgiingisagware,

f : 6 0 .
Ptk iy 28"ReA i RS POt Wbdhs RIPBARY inco
SIRMREE 4y3teniTBOM uBBETGEY0GHE: adEHgerdrieciAdaiy dRRDE)2 or

610. Conputer progranms may also be received via
conmunicatzans arsriest@df ace 624. Such conputer prograns,

wh ted,. le t t {

i e s
b3 RS pro@idts)compR8ing SOMRKArS btoRIIQ AT BompMIE s @BRAHERE.
enabl e the 'processor 604 to inplenment the processes
Sluch sdtware sdren ekenutadtin ong orauerh date praspasingdeyies, dapses the

B e SRS PR 0 GEn L by e
ARELFIN Ao P inyPdotiRdr HIGHAPAMBadaBR HERIG! Btbvirmow 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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[0085]

Fi gures 3-5. Accordingly, such conputer prograns
represent controlling systens of the conputer system
600. Where the invention is inplenmented using
software, the software may be stored in a conputer
program product and | oadegji.nto conputer system 600
usi ng renovabl e storage drive 614, hard drive 612 or
communi cations interface 624. [0084] The invention is
al so directed to conputer products (also called
Combugi@r program products) conprising software stored
on any conputer useable nmedium Such software, when

o B DS nloTRES, A A RIAEES S Vb RR deRHRPS

processi ng dev
sverit rdidieneiderstdotited tmrhhﬁe wen@k@entemuﬁway ofexanploy

any conputer useabl e or readabl e nmedi um known now or

¢y, apd @of limitatéon. @ﬁﬂbbee@p@fent:t@rﬁ@moeﬁ skiledip|tlee

cl ude ut _are.not_ i § [
SROYEDs B TR apl i S BB Xt Bfing
SRS s’;}ﬁMt arﬁi Q:foﬁ& Bf the\he@Goh.e THus, thebrdadih aie §copf=:|o$ ety
di sks, CD ROMS, ZI P di sks, tapes, magnetic storage

pjewtwgntgmshgtalﬁ net hﬂlg@l@eddmﬂmj @f,the REos-described exemplary

R FRBC Rt R By P SidireEh o e Biduue caims

ﬁﬁﬁﬁgpb@ﬁpagﬁ§ netmorks | ocal area networks, w de
area networks intranets, etc.). It is to be

appreci ated that the enbodi nents descri bed herein can
be inplenented using software, hardware, firmwvare, or
conbi nati ons thereof. P-1958.010 --21-- Concl usi.on

[ 0085] While various enbodi nents of the present

i nvention have been described above, it should be
under st ood that they have been presented byway of
exanple only, and not limtation. It will be apparent
to persons skilled in the relevant art that various
changes in formand detail can be nmade therein w thout
departing fromthe spirit and scope of the invention.
Thus, the breadth and scope of the present invention
should not be Iimted by any of the above-described
exenpl ary enbodi nents, but should be defined only in
accordance with the following clains and their
equi val ents. P-1958. 010 -a2-
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WHAT IS CLAIMED IS: 1. A nmethod of generating a mask
pattern, conprising: (a)7 :rlecel ving a device pattern
representing one or m)re features to be printed; (b)
generating the mask pattern conprising the one or nore
ir he device pattern having a first
ai nst a background having a second

intensity level and at |east one correction feature
havi ngl-a t hh methadafeesérating #wabk pdtteen, chinprsingt ensi ty
| evel bei ng(ia&tween the first and second intensity
| evel s CROINING R ewfezmﬁ%géemgpnewew@%@s to

rgﬁydce pattern with a correction kernel. 2. A
deV|ce nanufacturlng met hod, conprising: (a) receiving
a devi ce pdb) ecmeratigy ﬁmemuslngattmtcon@msmg the qneio}tmdﬁe

ra a nask attern conprising devic
(éé?ﬂﬁsz@nh% E%C%Pattﬁm ViR ROy v agaigs yhgckggound
bRk L3Bshd AenBigy Rvasag aﬁeh&bﬁeéa&aeub&ﬁe%%@ﬂ%ng%a third
| east” one correction feature having a third intensity
Ilatﬁablty idvel tthe tidrd itensétytlgvdl éreirlg béteieerg theefivve and tdeeond

fI{ second intensity levels; (c) using a
eH@l=array of individually controllable el ements

t [
00 PR R LoAped P ENABRRN 0L ol APl o
oforediiat kanelont 0 a target portion of a substrate;

wherein step (b) conprises (bl) convoluting the device
pattern wwth a correction kernel. 3. The nethod of

claim<, V\,h r
di rrens:?onal d lgeﬁe ne?tﬁhggh# ﬁ‘E)Id JXH@ I\ilgzer ein the
correction (kpreneilvings denize peitérn ngiresentingfeatusdsepbé Piinted;

further con@rlses it --23-- (b2) convoluting the .
devi ce pat t@) gengrating 3 mask paitere evREEngAevies foatyres having a

SESORkAS rfe@&t aiggﬂlsm&%m*aﬁa ARG sSoTB MRbRER 1 nd at

ort ogona
least one correctlon 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
spatialty 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 (bl) 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:




correction kernel. 5. A nmethod according to any one of
the preceding clains, wherein the generating
conprises inserting correction features according to
at | east one predetermned rule. 6. A nethod
according to any one of thg precedi ng cl ai ns, wherein
step (b) conprises: insert %@ correction features
based on correlating intensity of the correction

feat ure to (pPosenyolujingfthe devict mgttéroawvith essecdnd Aomettiond
' f.th di laims, furth
JGE B Aot Bhel bl B Al bt Gipagsies e

woadction keemdlr ol of a programmabl e patterning array to
impart the mask pattern to a beam 8. A nethod
according to any one of the preceding clains, further
conprising:, sinul.ati ng. an aerial . nage that woul d be
pr OdUCSZd 0 B}ﬁg#’g@ff%ﬁmgfo apnept e megedma rlaipms gvherein
Ithé perarARBIOmPHNsAGidrOy SRR Kafur&RAd G0t

Si rrug?gt edgaerrn?al irraglj—gﬂ%o the1 devi ce pat tdeﬂng%;o aggegst one
rsefletepiingdirhls. nask pattern so that a nodified aerial

i mage of the nodified mask pattern nore closely
resenbl es the device pattern. 9. A nethod according to
any one of A hRuRueeeHing t&hd) dieoft i gg)?z[mz | $hdg
generating, based on thg r!él?ul tso o}kgﬂsrtg%gm , g,&lhé}éin
ctapr(brednoprisesr nel ; and  convol uting the mask pattern
with a correction kernel toq%g’nerate the npdi fied
mask patt erlﬁs.ert_ﬁﬁqorrfﬁ'ﬁmweﬁ%'f _ﬁsegé@cﬁo&‘le ng gighsitygf the
Gofkdidh Rktufd 18ipR:3mitMde bRkt Rhreit €Ps of simul ating,
conmparing and nodi fying are Tepeated a predeterm ned
nunber of tinmes. 11. A nethod according to any one of
cl ai 8 to 10 erein said ste of si.mul ati ng,
conpgﬁ- ng a%@%%%fﬂ@%? &ny ga%%f "B Priveding slams dithest
tBpriciagpPari ng i s bel ow a predetermined threshol d.

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:
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
modifying the mask pattern so that a modified aerial image of the

modified mask pattern more closely resembles the device pattern.

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

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

convoluting the mask pattern with a correction kemel to generate

the modified mask pattern,




12. A conputer program conprising program code neans
that, when executed on a conputer systeminstructs a
systemto carry out the steps according to any one of
clainms 1 to 11. 13. A conputer readable storage nmedi um
havi ng recorded thereon p ggran1code means that, when
executed on a conputer systé€minstructs a systemto
carry out the steps according to any one of clainms 1
to 11. 14. A lithographic apparatus, conprising: an

. e O YRS BB sl a0
atpeRITtsimilathg, GRfakiak Md rfﬁ&&iﬁ%{%eaﬂeh%péﬁm ggedgtermined

projection systemthat projects the pattern eam
cpoftimget portion of a substrate; and a

controller that controls the patterning array of

individually controllable elenments so that its

el ements adopletifddedcesdl2Rb 95§ Bht B8 cRinkd Qk& 6,1 WAkrein said

pattern, the projection pattern conprising a
ctape of smudatingt cemprringead peadifying @ deprated antiex tsalh of the

ker nel.; erein the contrqgller receives data
r°8B1P8*§%%¥§ifh‘?Lﬂv¥ﬁ8fe§8R?P’&‘éle@§F?S§P -and convol utes the
device pattern and the correction kernel. --25-- 15.

The apparatus of claim 14, wherein the controller
convolldt es A benpewi pregrpstcompnisingpho gaarh wodecth eas giag welen

form%{ the correction kernel. 16, An apP rat us .
FECDIEH P TR ISELCIR IR & SR fosgamy it {hepepsacroring
q@gﬁy@ﬁé@gdzﬁgﬁ\q%q?gs the device pattern with a one
di mensional formof the <correction kernel to generate

an internedi ate pattern and then convol utes the

i nt ernedi at e Battern ith a seco%g one di nensi_onal
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patterning array of 1 ndividual
cont r al dystbingo eheyont the steph dcadmling theanb eacrvivdlhimsa to 11.
pattern having three or nore intensity levels. 18. The
apparatus of claim 17, wherein the correction kernel
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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 confroller 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;

wherein the controller receives data representing the device pattern and

convolutes the device pattern and the correction kernel.




low intensity |evel of the device pattern.

LI THOGRAPHI C APPARATUS, METHOD, AND COVPUTER PROGRAM
PRODUCT FOR GENERATI NG A MASK PATTERN AND DEVI CE
MANUFACTURI NG METHOD USI NG SAME ABSTRACT OF THE

DI SCLOSURE Grayscale Opti c?% Proximty Correction
device features are added™t0 "a nmask pattern by
convol uting the device features with a two-di nensional
correcky on appirags of oleing A4 wierein shamwalrobarcoswdlitesthe
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| it hography apparatus having a programrabl e
patterning neans that is adapted to generate three or
nor e i k¥ enshn gpriaeanes ascordingito eithwt ¢lvim bt rekmirs 16fwherein the
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generate an optinum pattern for projection Figure
putegpeligte pattern with a second one dimensional correction kernel to generate

the patterned beam.

17.  Anapparatus according to any one of claims 14 to 16, wherein the
patterning array of individually controllable elements modulates the beam with a

pattern having three or more intensity levels.

18.  The apparatus of claim 17, 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.






