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Di ederick VAN DER MAST Background of the Invention Field of the Invention
[ 0001] The present invention relates to a |ithographic apparatus, a nethod
- of gener at i T ROGR A RETCoA RPAR AEUS; MEATIO&t AN @@Mﬁbﬁ‘Eﬁ

conput er - r eadabpR OSRA R PREOBUCTSFOR GENERADING AOMASRer ating a mask
pattern. Rel atﬁzggmgggﬁ%mv Eﬁ)mmg M@ghi ne that
applies a desi aI ‘ mw ate. The

. I'i t hogr aphi ¢ apparatus can be udddINGoPAMEKanpl e, in the manufacture of
integrated circuits (1Cs), flat panel displays, and other devices
involving fine structures. In a conventional |ithographic apparatus, a
patterning nmeans, which is alternatively referred to as a mask or a
reticle, may be usednwcntge‘»neraK@rSa’Zegﬁl‘r%Rﬁ)DSfﬁattern corresponding to an

i ndi vidual |ayer of the IC (orlJohbiwes Jambigbathcan BASHEISMAMNS ern can be

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

| ayer- of radi ati on-sensitive material (e.g., resist). Instead of a nask,

t he patterning nmeans may conprise an array of individually controllable

el enents that generate theBackguiundaf therlnveption3] 1 n general, a single
substrate will contain a network of adjacent target portions that are
successi vely exposed. Known |ithographic apparatus include steppers, in
whi ch each gigia@ethdMayéityn i S irradi ated by exposing an entire pattern onto

" the target portion in one go, and scanners, in which each target portion is

P- 1958, S T . . ' ' i ' t i .f adi at ed by
scanni {Rg&ﬁhe pat’J{hé3 :}%8&%2 éém‘lr%ﬁﬁg‘??%%‘t?%té’?? g%\égﬂﬁﬁ%cl (bél;/aﬁic}h%olnﬁ%% {’/f scanni ng
the substr gefierBfigd Inakk Pattergatdevioaimhtfatiuting tistimdgls canputerreadable

storage medium storing a program for generating a mask pattern.

Related Art

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

onto the target portion in one go, and scanners, in which each target portion is
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[0004] In projection lithography the imge printed on a substrate can be
i nproved by adding optical proximty correction (OPC) features to the
desired pattern. The OPC features are intended not to appear in the
devel oped i mage t hensel ves, but to affect the shape of the pattern
features so that when devel oped the ttern features are closer to the
desired pattern. They may also be used to bring the process w ndows of
features of different pitches closer together to enable features of
several di firedieted by scapmingithe paitgsp ithrough the beam) Hyp @R (W& own t ypes

of OPC features i.n der] N Qﬂm : nd.t he
like. [0005]S°Wg1a@&e%ﬁg%ﬁ%feg%agogﬁsgrn%&%b%erleh on a{eguarﬁlzogubstrat e)
only al | owsyntif rall] Rathis f¥etibgat ures. To prevent the OPC features appearing
in the devel oped pattern, they are nmade sub-resolution. For exanple, the

OPC f el0Mles ar enprejectian lithegraphy the image prirged enasnbairatacasibsigpevest exposur e

di ati i t f {t i t.h i th
brof oct od | eBTesPREProRERY s olidPe OPG feafibr s Bt R TR ThbC et ur es
have been v@gpy reiace st itenddd RPRUPpEA ih BRITESp&T imaBE tientalveslbaensi on (CD)

much | ess than the exposure wavel ength (low kl) to be (E)ri nted, further
i mpr ovenentts afeal thetsbaptesf thalpaticm] ©908F sTHbatevimedevigloped ithe patteded i s an

i d hod of i di ti,cal P imty,Co L f eat i
[T hogr aphy eaisnres GlogT (S RN AU dB6Y oISt BY Rrtd PR Btbod: ment of
the pres enﬁprb&‘é@ﬂ’iﬂd%@ws o BRRRed oF dEQMit YRELA cld¥Bitbgdh@to GRPR A& a mask

pattern for projection conprising the steps of : Teceiving a device pattern
‘reprk esent i ngd sém&zl@iffsrehbpib@epti bﬂplﬂltailhhhigsipgﬁ&tip?ﬁ_@}r@. Knewik types efer In Tlhe
hmask patter ri ses. device features_having.a first intensity eve

agai nst a tfg%(ﬁ ﬁ%lmﬁaeﬁﬁat?ngﬁgﬁ‘ﬁnﬁepﬁg qagz%,gpctlg}?g t | east one
COr I ey f eat : 1%19@: h ' j bieQel dHIY Slidwt ensi ty

| evel [ibg&]bet V\ele%ls{n@ HSG'gta’r?thgoed(lzghﬁ&%%%ﬁ ?%{l??uevel g)t P)E1958. 010 --3--
[ 0008] AccdbohingytGPGfeatiter TerbednnheOPOffeitwes pppeanng inithedemelopsd, there is
provi ded a devi ce manufacturing, nethqQd conpri si e steps of receiving a
de;/i ce pat tREHATY @6}’ ézéﬁqeﬁ%ﬂ@&%wgsﬁ?rﬁ?‘%p]ﬁf?ﬁngﬁ:[ fgﬂ@%@%’@g‘f §°ng| a mask t
pattern c : . $ida¥erievel agains
a backgr ou(r%%%%gvl\lflﬂgé gméggonagaﬁgg@g%}@zéb@gﬂl tgjﬁllgﬁgftera%%gst o%rter%correcti on
f eat ur e hawang sé thad ithecoritrasieinghé yrojeeted imaghds leks then ianedsishteyhdlével is

between the first and _second intensity ) )
While known OPC features have been very successful in enabling features of

critical dimension (CD) much less than the exposure wavelength (low k1) to.be
‘printed, further improvements would be desirable.
[0006] Therefore, what is needed is an improved method of providing Optical
Proximity Correction features in lithography.

Summary of the Invention

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

between the first and second intensity levels.
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'controllable e

| evel s. The nmethod al so conprises the steps of providing a substrate,
providing a beamof radiation using an illumnation system using a
patterning array of individually controllable elenments to spatially

nodul ate the beam according to the mask pattern, and projecting the
patterned beam of radiation onto a tgrget portion of the substrate. [0009]
In a further enbodi nent, the present™™hventi on provi des a conputer program
product conprising a conputer useabl e nedium having a conputer program

| ogi ¢ [0888]r ded tAeoeding ftoranotat embbdingensitof|thepresenteinpentivas thers is he

conput er progr. | ogi ¢ conprising co ter pr.ogram.code. devi ces that
pem‘)orm gdﬁ%@ﬁ%ﬁ Lo fatCHJIF'%e‘.nﬁth‘ESBmQ Eimg Etggs OEre6r¥N8 2 nore of the
above eﬂbq@v{*&%gaﬁam[r&%&hﬁgg ge%tu?s;é th |be&n%§é&%d%@ﬁ)&ﬂid§eﬂhaéﬁpén@ﬁl present

i nvention, there 1s provide | t hographi ¢ apparatus conprising an
i |l um nati apngysingnievicepfatttees hiavigg ar firal/indénsity haliel aghirst b yaclkgyowma | abl e
el ements, a substrate, tabl.e, j ection system _and .controller. The

i |l uminat i d?@vglﬁsat%ﬁ?@dﬂﬂ“?@élegdgr@gﬁﬁ lspst qup STIFEE?HF’HWE“% Mg AN array of
i ndi vi dual 'i%(tgﬁ%]%[e%l.' L Grirdli evifistebwldd (BOAsE Ad sdcdRdlelify, t he beam

The substra e supports a substrate. e projection system projects
the patt erlesasds. drmahddalso donipgizes the stepool pebvitling asulistrttegprevididps control | er
controls the patterning array, sq that its el enents adopt states ‘
repr esent i m§ad of wdiasion diingattt émﬁ}lﬂat%%slﬁk@j‘sé@ﬂf}goﬁ Pﬁ'é‘frf”é‘gnafﬁadn?)‘?e i sing the
convol utio . ' : | : Accor di ng
fo st iRt ERRt EhBnRRiRialARSAERL B pRE ABLam Bl Fo70"

proj ection dléskF)@@érﬁ,CﬂiiM pigipaingithspaiReitied eam paEadenion beroarsrgst poftidnndi vi dual |y
enents, a projection system and a pattern corrector. The
pat t er ni ng oAtlespbefrate.ndi vi dual |y controllable el enents is settable to three

or nor -1958.,010.st a r £ -t 0 t am The

or of dB Syat diepfiafilt ElobiBlen Dy PERDC BTy AR B Gl o e
thereon defyrgi@smProtite com@Hkiakiadddmpitdragestle byedidie hadhg ardonfmtar ray. The
pattern corrector receives a two-1evel device pattern and convolutes the
devi ce pat peegrami logicareserdeé chéreen [fer pentralling)ahdeagt ene percesser B¢ f eat ur es
havi ng i ntensit

devi ce pat t°8’fnﬁ'.“}éf lﬁ%\é%?‘?%{ﬁcﬁtg}phgﬁ%%ﬁgﬁgtﬁ% @g%gﬁ%gﬁegﬁlcegﬁ‘gt ﬂaﬁﬁhf aggfs E)P et he
present i NyaeLiiORSsimiRS t¥ehd nREhddhgdS BEHESsUnCorRNék RBRS af tRNakdvet he vari ous
enbodi nents of the present

embodiments.
[0010] In a still further embodiment of the present invention, there is provided a

lithographic apparatus comprising an illumination system, a patterning array of

individually controllable elements, a substrate table, a projection system, and a

controller. The illumination system supplies a beam of radiation. The patterning

array of individually controllable elements serves to spatially modulate the beam.

The substrate table supports a substrate. The projection system projects the

patterned beam onto a target portion of the substrate. The controller controls the

patterning array, so that its elements adopt states representing a projection pattern,

the projectioﬁ pattern comprising the convolution of a device pattern and a

correction kernel.
[0011] According to a still further embodiment of the invention, there is provided

a projection lithography apparatus having a patterning array of individually

controllable elements, a projection system, and a pattern corrector. The

patterning array of individually controllable elements is settable to three or more
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invention, are described in detail below with reference to the acconpanyi ng
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [0013] The

acconpanyi ng drawi ngs, which are incorporated herein and forma part of
the specification, illustrate the present invention and, together with the
description, further serve to explain the principles ofthe invention and to
enable a person skilled in the pertihent art to make and use the
invention. [0014] Figure 1 depicts a |lithographic apparatus, according to
one enbodi negdtés thit ard doafipied eninotuivtenitican. ThOprbfLtibn system Projefsithe s a part of
a mask pattern generated by a npethod, accordin tQ one e di.rent of the
present i nsAl gHO 4 sEatep QUGS patterm Hfgeon ‘Bf‘gi&eéﬁ’yrr@‘?rfﬁﬂ lﬁGtFmbenerati ng a
mask patter i { [ ' t :.d nvention.
[0017] i gurte-BaBRbiReRemis bl PHERBERRIRR! feled 16ioRbRR Aice "0
enbodi ment mttednhdrioasslites ithy @aticopatte D @itfi]a coitecticrekent] fongematateon wi | | now
be described with reference to the acconpanying draw ngs. In tlhe dr awi ngs,
li ke ref er eouectnunfbapies hawing ensHy éevelsa’éﬁtlﬁ%sgwneg?veﬂ berrerm Hge%RlS i | ar

el enent s. P—f 958. 010 Eet ai l ed Description of the Enbodi ments Overview and
Ter mi nol ogy’ IFCRHBugh specific reference may be made in this text to
the ugsopf] it oshariMboddReRsFbattreb,int Aevantuged crehdireset invehtegsat ed
circuits (]I Cs), it should be understood that the |ithographic apparatus

descri beddhi@w&@!llras lmlwmuatsaee mdmeratbpmfﬂlﬁi@ﬁgﬁﬁqm@ﬂéme@§ of e DReEERF act ure of
orms n nendiTeegon 5 deaten i deRnidohm, MRERE GpRabi SRRy PO C

skilled arti-s@peii || appreciate that, in the context of such alternative

\ applications, any use of the ternms "wafer"” or "die" herein maybe
consi dered as synonynmous with the nore general terns "substrate" or "target

portion," resp | f rqﬁntm J(TRIRYbe processed,
before or aft@%m@iﬁpﬁw@(gﬁ% € a track %IS}., a tool that

typically applies a layer of resist to a substrate and devel ops the
exposed resist) or a netrology or inspection tog

|, . Wh | icable, th
di scl d8A3 her eilhesasorepanying| dravings, vjehare JRemarped h%‘i?ﬁ’;%d;%gnb?gcegsi nge
tools. Fur tpgﬁro’f thd ' etHRE SR ifusTa% BE pRIsGHESTRGHon and, together with the

description, further serve to explain the principles of the invention and to enable a

person skilled in the pertinent art to make and use the invention.

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

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

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

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

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

identical or functionally similar elements.
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nore than once, for exanple in order to create a nulti-layer 1C, so that
the term substrate used herein nay also refer to a substrate that already
contains multiple processed |ayers. [0020] The term "array of individually
control |l able el enents” as here enployed should be broadly interpreted as
referring to any device that can be used to endow an incom ng radiation
beamwith a patterned cross-section,~%o that a desired pattern can be
created in a target portion of the substrate. The terns "light valve" and
"Spatial Light Mdulator”™ (SLM can also be used in this context. Exanples

of such patterning deyce I S A progranmabl e
mrror array my comﬁi@iﬁgﬁ#@%ﬁ&ﬁ?g?&ﬁg@}%ﬁ@e havi ng a

vi scoel astic control |ayer and a reflective surface. The basic principle
behi nd such an apparatus is that, for exanple, addressed areas of the
reflective Osevicacandrermaralogihci dent |ight as diffracted |ight, whereas
unaddressed areas reflect incident light as undiffracted |ight. Using an
appr op[j0ade spat ARhoughl specifict fegereriRe 1858 b Miade- - thisu reckit ft6 rthc msxlof | ght can be

filtered out of the reflected beamy leaving only the diffracted light to
reach the sl!ﬂb@gfﬁﬂll@?PHaﬁaWWhWﬂWEﬁGWW@%%#F%@%gcsbgtsg'@’ﬁ‘iiug‘ﬂ accor di ng

to the addr esd(s%irs?(% gpt%'gl i ﬁ{enlifﬁ]:),g{a Bic &’{,Hgé‘-sfc%g&ﬁ%?%&ﬁ%}% ?ﬁfeeoﬁlgpﬂ] It will

be appr eci at's t, as an a rna ter r out the

diffracted éﬂf])ﬂb&ition!s,%a&ﬂ ROht henufcitd ifaatgatet bpiidal fptenenghididveamlibst rate.  An
array of diffractive optical mcro electrjcal nechanical -tgiysfn em ( MEMD)
devi ces candei¢osion paiterns B rpagngtic ¢ymas msmories v aarsl displays, thingflpn i ve

ptical MENB deyi iqcl i f i ' t hat
o et or moumegel PeaR R, ! sfatbelat vl abcBlard b, 8 adoniabh T Lhat can
i ncident |ight a@eﬁnﬁivfefaf)gl:iéﬁi@pé,iaﬁﬁﬁse drR2amsAwh it bEtdicdi Hepsimmby e  embodi ment

can include a programable mirror array enpl oyi n? a matrix arrangenent of
tiny mrrorensidarch assyndnyotous aritthihe morgigonaeldemys tsubstede’apoURIEEh axis by

lying a suj.taple |acalized electric fjekd, . '
P10 8 S el B TR R et By MBS e
addr essabl eyy S pbNRE, iAHEH SIADE dﬁdckg%g, Mool thaefypRelly agpliens biyeing r adi ati on

beam in a different direction to unaddressed mrrors; in this manner, the
refl ected befrsisi ® paubsirate dnd cleveldpthet exppsad wdishedsk HECRePh of t he

T el b wp o B o555 o5 >
: and other substrate processing tools. Further, the substrate may be processed
more than once, for example in order to create a multi-layer IC, so that the term
substrate used here.in may also refer to a substrate that already contains multiple
processed layers.

10020] The term “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

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

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

incident light as undiffracted light. Using an appropriate spatial filter, the
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{0024] In both of the situations descri bed here above, the array of
individually controllable elenents can conprise one or nore progranmbl e
mrror arrays. Mre information on mirror arrays as here referred to can
be gl eaned, for exanple, fromUnited States Patents 5, 296,891 and :
5,523,193, and PCT patent applications WO 98/ 38597 and WD 98/ 33096, which
are incorporated herein by referencedin their entireties, [ 0025] A
progranmmabl e LCD array can al so be used. An exanple of such a construction
i s given i nudiffizectdSight esn Batfdteredoo 2, 1BF 2¢flestrdcheairs leawing polydhed herein
by reference inits. entirety. [0026] I houl d be reci ated that where
pr e- bi asi nglifffactedatighteto Te3pR iﬂéf'aFL’UbSBP‘!?xi ;Eﬂ ﬁys W@’ét'ﬁg&’eﬁ@a GPEES phase

variation t ' ti1R)cEci EX R M@fth&ﬁfa?lrﬁ.-‘i& abh H}g& for

exanpl e, th%ﬁggietgg?ﬁora%ggg}ﬂgydgclwb%ﬁgrﬁ% array o ndivi ug y controllable
el emenfee2ziey di fI evill behppediaicdlthat, s alichativatthe filter May Whdr OdiGhe - 7- -
eventually transferred to a |layer of or on the substrate. Sim Iﬁrl y, the

pattern evdiffragtad ligh@é?%’ﬁlﬁ@ﬁu%fﬁfﬁ%@dé@’s@rrﬁ%cé thagubsbetec dmaE8pshd to the
tt f t e i t . ! iyl
Pont rol | ab Agiellepfn i (RS AR ARAER SUERMEIMSPA B Al L 1 e

eventual paidRedid PEsrRsdpontifambniar Eadl difftdveive upsidal MEMSsiebidce bin up over a
given period of time or a given nunber of exposures during which the

pattern on intledeprmdyrality ofwsilostivgaitbpng gt can bgslebormedaisive tapRy or t he

| at | it f the subst , . h ifi
ot or ence G &g e BA0Eh oy AR B A BB S par at s i
the w{euiﬂct ur e RQffinhk& alictnatit® eBolitnenn 881 Fichdd o prafrankifablé klikegr aphi c
ra

appa us ‘descri bed herein may have other applications, such as, for
exanpl e, t herayemfloyingrenafixDivangémend of MBYBLIMDENBCh of dghaeascdbopt i cal

systens, guidance, a tection patterns fo neti ¢ donai.n ries, flat
panel di spl'@ }dcuf‘m_’ﬁﬂ?cf"ﬁ?‘ﬁ“ﬁﬂbaﬁéﬁ_ 36391?53]3%2}5 {EBHB _IZS‘iPIFa’é‘aﬁSP{T? san Wi |

appreci ate r%lemﬂ@ﬁhgpifeﬂ%l&faﬁe R4fatioh niteed) Glldeapaalthy hidbRhicsRitiens, any use
of the ter "waf’er or "die" herein may be considered as synonynous wth

t he nmore gexddreasablep sunh thatadéirsssed ratrowswill reflegban woemingradiatiendisent i vel y. The
substrate referred to herein be processed, befqre ar after exposure,-
in-for exad’BF’gl %r?"rté]&rﬁ"t{%t?%m%ﬁde g}%m%ﬂ%@eﬁeﬁt of resist to
a substrat ' ShhSF theMhatdx-adBEisablegim&s. | nspecti on
t ool . Wergsgﬁgﬁﬁkﬁﬁlgﬁgﬁﬁ?ggﬁos g&hereiﬁ3 n?ay 3 ° '

be
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] Tt should be appreciated that where pre-biasing of features, optical
proximity correction features, phase variatidn 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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applied to such and other substrate processing tools. Further, the
substrate may be processed nore than once, for exanple in order to create
a multi-layer IC, so that the termsubstrate used herein nay also refer to
a substrate that already contains nultiple processed |ayers. [0028] The
terns "radiation” and "beam used herein enconpass. all types of

el ectromagnetic radiation, including-itttraviolet (W) radiation (e.g.
having a wavel ength of 365, 248, 193, 157 or 126 nm) and extrene

ul tra-vi ol esyehfaldNy trangfeiréd tooR ldyer 6f oty theGsubsiva.e ISenlardy, ithe pdieri ange of
5-20 nm), as well as particle beans, such as ion beans or_electron beans.

[0029] The ¢usnimallpgerjceated ermthe suhstaie mayaet eraraspendstadis nattera formed @l

Fy
interpreted as enconpassi ng various types.o rajectio , including
refractive %‘atqnééﬂls(f“g@& "‘r&f?“yﬁgﬂf@‘é@ﬁ}y‘é’ P@%@%{?&e&eﬂﬁé &hgsynrga)gg?adi optric
optical syshgb%se iRan affaddanfihOvictBthe cR8RARattainGForrh& orfeadhphreof f or the
exposure radi ati on being used, or for other factors such as the use of an

i mrer si on ftheisdbsrate frebulfeupbver  givenmeriadyofitine oF 2 given mBMBEr PEns” herein
may be considered gs.synon us With the nore general .. term. projection
system " [O???@T“r%a“ﬁ“i'g W%%%F@ﬁw%s%_ enaefgf‘ya?fglél gﬁ‘i‘@%gggﬁ@é@%gs types of
optical  conpARROLSI/of e kIsRGokRbh BE tHeBbstiA¢ bigfibbs/e, and cat adioptric
opti cal conponents ?or directing, shaping, or controlling the beam

of r adi @O2YNn, andAKhmighcspepificemfesencenyayabe andle inethés text! ta thehuseoof
collectively or singularly, as a "lens." [003 e ljtho | ¢ appar at us
maybe of a HhpEapme W%‘E\?\%m(ﬂée. rganufagiure Og{ésggfﬁ‘l‘ﬂggw rsé?fgj;tﬁﬁgli‘eé t abl es
(and/or twoy i 250 hetelh b RavelBidrhBiRatihso@iRh a886HI nes the
additiona}l\q%tg%?g@ﬁ%&ﬁi%%l n pgregflﬁgf, vgr pr eg%r gtlory stgps may be
carri ed ouixampletie menufacterctodNA chips) M EMS, MOENS cntegtated apiishes ar e bei ng
used for exposure. [0032] The l.ithographic appar al. so.be of a type

. t us,
wher ei n t hesY&igms: suidance gnd dgiegtinpppticm orineﬂﬁnaﬂfhﬁw?l%ﬁngegt fle| y hi gh
fractive j - - i ) , he final
rerractive ﬂ[aﬂgeiﬁigsfﬂlogysgthm ﬁﬁﬁﬁfa%netﬁ%e%ﬁ‘f ﬁttgol“lfé% %Jlll&l ahanSvinepykentd he fina

el enment of J"ection system an strate. Immersion |liquids may
al so’ be apphites thocaitde bf sphattsmative dpplicatidnscoyaphofthatepas Svafsr” f or
exanpl e, ‘between the mask and_the first el enent gIe t he rqjection system

| mer si on t@CHIS dgrsdn BRY bRsrnsiderslas syRoqypeous yith the moe 8 A0S he
nuneri cal ARl opf‘ta@’ef)ﬂ’o?ﬁ&ﬂ’?f&sﬁééﬁb@lw The substrate referred to herein may

be processed, before or after exposure, in for example a track (a tool that typically
“applies a layer of resist to a substrate and develops tﬁe exposed resist) or a
metrology or inspection tool. Where applicable, the disclosure herein may be
applied to such and other substrate processing tools. Further, the substrate mdy
be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers. 7
10028] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a
wavelength of 365, 248, 193, 157 or 126 nm) and extremé ulira-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nmy), as well as particle
beams, such as ion beams or electron beams.
[0029] The term “projection system™ used herein should be broadly interpreted as
encompassing various types of projection systems, including refractive optical

systems, reflective optical systems, and catadioptric optical systems, as
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[ 0033] Further, the apparatus may be provided with a fluid processing cell
to allowinteractions between a fluid and irradi ated parts of the
substrate (e.g., to selectively attach chemcals to the substrate or to
selectively nodify the surface structure of the substrate). Lithographic
"Projection Apparatus [0034] Figure 1 schematically depicts a |ithographic
projection apparatus 100 according %~ an enbodi ment of the invention.
Apparatus 100 includes at least a radiation system 102, an array of
i ndi vi dual lappmpnibieo fdradxampld, dorethe sexpOsire andiatiy esing tisdol, ©r foGother g. , a

substrate table), .and a prqjection.system ("lens:) 108. ,P-1958.010 10035
Radi at i on J9<pEsatns tbﬁﬁfedgaﬂé@ﬁl‘?%‘?gﬂﬂ‘gpﬂry?%e af%%%?m%é\“é’f“?a i ation ]
e.g., W radiation) i i Ls Lk LBes a
Fadi at i on Dot R noti il B CoRifoR Rl Lald o R AT fled o R

el enents 1Qdm{ Grgjection Peegr’ammable mrror array) can be used for applying
a pattern to beam 110. . In general, the position of the ar

: N ay, of
i ndi vilB030ll y corfthedlpmlation syi@rAmaay] also CREPIRAST Variqys tVIéan‘%{%mi‘]o proj ection

system 108. ver . b i a ,
i ndi vi dual |°9H£’§ﬁ?n§% inclifi ke éﬁesﬁplgeﬁféolﬁv eﬁé‘@da‘%%%ﬁ{r?é’ fita) °t8%’bgﬂe€§'fsi ti oni ng
devi ce (notfoﬁafewﬁg,fsmé)i@g;@w@mnm béanosi radiatidn, whd suchesmpotientso pr oj ecti on

system 108. As here depicted, individually controllablg el ements 104 are
of a refl ecnanadso hoygterred tgbelowagallegtivaly pesingwalynes ayless-”i ndi vi dual 1y

contr l e el nt.s) . 100371 (bj ect, tabl . p [ with a
subst 3@1‘{]@ hol deﬁ[ﬂ?r@f&ggaﬁé ﬁ@?&fgﬁ%y’a}@%&ﬁf;ﬁ%‘?‘@‘ﬁg?‘g? Eegga&‘g% B‘gggat e 114
(e.g., a resinfdre GARLAM tablbd ERAR/OAAE or Hiord INRBR tabies)s I sikeh) “ruldplebj ect tabl e
106 can be connected to a positioning device 116 for accurately

posi t i oni ngtagebuachanes theluldiionhl tellepmey be bsedimpasalicl, ohpsparatoRy e, [ 0038]

Projection system 108 (e.qg., a qu Z d/or CaF2 ra

cat adi optr i“ﬁi?§?@?888éﬁﬂq%§i°ﬁﬁm?%ﬁéfeﬁwzlﬂﬁﬂ?%orﬁ%%go#}l?g%ﬁbgeéé{?%%eri als, or a
mrror systed fofekpdireused for projecting the patterned beamreceived from
a beamsplitter 118 onto a target portion 120 (e.g., one or nore dies) of

subst {6832} 114. Thebjlegtdpbiv appatmnidSlseedye qfiadyrsothensin thesgbstofte ishe array of
i ndi vidual I, control.l able .el enents. 104 onto.substrate 114, Alternatively,
proj ect i on MSYSTsEHn 4 %‘"%?"1}35 6@%&@%@&&%“&%‘8@%@@ ‘g?l)t t@™f or whi ch
the el ements wff a2 tPGeelbdiR¥en e HRAI MERLAY b teOftblcelib bl fertl| SidEMEs 104 act as
shutters. Projection system 108 nay al so conprise a mcro lens array (MA)
to form t heulseaendmmessierr digeidanday also be applied to other spaces in the

lithographic apparatus, for example, between the mask and the first element of the

projection system. Immersion techniques are well known in the art for increasing

the numerical aperture of projection systems.

[0033] Further, the apparatus may be provided with a fluid processing cell to
allow interactions between a fluid and irradiated parts of the substrate (e.g., to
selectively attach chemicals to the substrate or to selectively modify the surface

structure of the substrate).

Lithographic Projection Apparatus

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

object table 106 (e.g., a substrate table), and a projection system (“lens”) 108.
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to project mcrospots onto substrate 114. [0039] Source 112 (e.g., an
exci mer | aser) 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 126, for
exanple. Illum nator 124 may conprise an adjusting device 128 for setting

the outer and/or inner radial extentd-{comonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in beam 122. In

addi tijop3s]i | | umRdision sistdNa®2@40be uskdfor shpplying d beganErledfirpgdintimi ude vari ous
ot her conponents, such as an_integrator 130 and a condenser, 132. In this
way, beam 18- Uiredirtion)owhigheingihispartigular; Gae ¢lsg rammriseh AAYRID e el enent s
104 has a desi rel\? uniformty and intensity distribution in its cross
section. [(fﬁﬂﬁf % shoul d be noted, with regard to Figure 1, that source

112 mygghse)Wi t hi An 4t ofuBvidgalf contrbliaige eiphbsts POP{eas] d moganppeibid us 100 (as
is often the case when source 112 is a nmercury lanp, for exanple). In
al t er nat i venistepetayyeande used fercapplying awpitemde bpam ldfptla geperal. tha hogr aphi ¢

proj ecti on appar at 100. 1.n_t.hi ase I gLl d be
directed i rﬂogl%%ﬁﬁg(f ATy 08 T .V’_éi.%,a %c?waﬁgga? %‘hglgs q@%irptaég%eﬁ@l recting
mrrors). TBiafvd Alfi6fecHGEHRt® 108 HolRler! MeartAfenaienrsashat s’ is an
excimer laser. It is to be appreciated.that both of these scenarios are

cont enpl at edraypfindividualy sospdiable eldmenty danay begorneciedio 2 peUipIINgBeam 110

b tly i ts . th f.indiyi | ] tral.l abl | t
104 after KGR IO G ASiAs R onRE ¥ rermdst BrpGIRiofRaEm, of et ed
by the arraygoks ﬁéi'é‘héﬁii&%,' ih&iv%ﬁ%%dtﬁ%@le%lmm R4ldof PRARHLO passes

through projection system 108, ich focuses beam 110 onto a target
portion 12Qymf(eighbavesateflecavearidyof ijdoidadlygontrolltize glethents).posi t i oni ng

device 116 (and qpti onal i nterfer t.ric sur.i.ng devi ¢ 4 on a base
pl at e 198¥1t hat &t Vggﬂ @p 8?%&%&“@%&%@@“@%&0@8%@ WWitter 140),
substrate tg .f%ggo@g{gﬁgu%&zﬁdua% r at@liv coaftdaflidon wareSh g1a di fferent

target portion e path of béam 110. Were used, the positioning
devi ce for stibstragd) amd/olgéctitatile 1 D6l var beconnerteditolagivisitioningrdemics 1160fbrcan be used

cont ol | ablRetorgpkmeRiening sLoREHE | Bl ieshest kHaolsgiinn SARBNEL0) e. 9.
Sur ARGIER", ERRIRS, S TR R Pl £28) kOl 220 i 1

catadioptric system comprising lens elements made from such materials, or a

mirror system) can be used for projecting the patterned beam received from a

beam splitter 118 onto a target portion 120 (e.g., one or more dies) of substrate

114. Projection system 108 may project an image of the array of individually

controllable elements 104 onto substrate 114. Alternatively, projection system

108 may project images of secondary sources for which the elements of the array

of individually controllable elements 104 act as shuttei's. Projection system 108

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

to project microspots onto substrate 114.

[6039] Source 112 (e.g., an excimer laser) can produce a beam of radiation 122,

Beam 122 is fed into an illumination system (illuminator) 124, 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, iltuminator
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(course positioning) and a short-stroke nodule (fine positioning), which
are not explicitly depicted in Figure 1. A simlar systemnmy al so be used
to position the array of individually controllable elements 104. It wll
be appreciated that beam 110 may alternativel y/additionally be noveabl e,
whil e object table 106 and/or the array of individually controll able

el enents 104 may have a fixed positidf-to provide the required relative
novenent. P-1958.010 --11-- [0043] In an alternative configuration of the
enbodi nent , 129ubislt geatlly alpdledeldfionsythlecdmpomentsyduch as ab sttegrater 1301 bei ng
noveabl e over substrate_table 106. \Were tHi s. 1.s done, substrate table 106
i s provi dectndi # oRdensen i 34idenotiisolaki hepan Jrl O inminging i thendZdy Ofirf ace, gas

bei ng fed t:h: i Q%H i uﬁi’&m' i j s capabl e
of supporti1EEéjlggﬁtjlglsh%rggliﬁg&%@f{n %@S?gggfg%\%e%tsggﬁa y rlgf erd\r,\fgtf%%%), as an air
beari ng ar r@sigenidi in iSWsdsisadtwnlld i s noved over substrate table 106 wusing
one or nore actuators (not shown), which are capable of accurately

posi t i [884¥g subdt sheuld bempted, MithresspbloFigwed Hbatsapreedd 2 iy be within

Al te i sub X | 06 b
Sl oot vel yribaytiiy IRbaE piieyF AP as 208 osi BRLA Biabiphdh J°0 0, o
[0044] Al t heth@h 12 {shoasrRpRMaapfor elakpid)0th depmitive rRfbbeinidhes, sdtv@nt i on i s

herein described as being for exposing a resist on a substrate, it will be
appr eci at ed 12megy alsoths remeoterfrang Hthograpbic projasticaappearatusi 180 Ja ghigeaseappar at us

100 b d ' d b f j i st
It hogy aphytiriRs e 22 HlopRu DRt aRt DEATG 100! Bl Wil R AR 5, °°°
preferred npfgse dﬁ&%glniﬂmrsﬁt'ﬂﬁsm&&%eﬁﬁﬁ,isaﬁéﬁme@@aet\ﬂfeﬁs&&cé tig array of

“ i ndivi dual |y control'able elements 104 is projected in one go (i.e., a
'single "fl asht)excimen lasert dt iseto proapriremated that hoitfs of shase tseanados ed i s t hen

noved in the and/or.y. djrectio to a.different position for a different
t ar get portCPBémf%g“fW%@%?F?QF&F&'&%VGH%EW@PHM beam 110. [0047] 2. Scan
mode: g5H§Nt i al IBeat R (SABEeq@Enth) RRrEEAhe 8XELOE iniiAdually Sontfdllablear get

portion 120 is not exposed in & single "flash." Instead, the array of
i ndi vi dual lejenments 10d]alfiebbeangdiesrting ssid@bcanssplitterldBe Having begnvweftecttidr ect i on (t he

pat torned. DydiAE ST raugadbesopfolits eentsd A nepr UanshefrBEual 1,
oo SR R SIS 054 et bt 120k
' 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.

P-1958.010




opposite direction at a speed V = M/, in which Mis the nmagnification of
projection system 108. In this nmanner, a relatively large target portion
120 can be exposed, w thout having to conprom se on resolution. [0048] 3.
Pul se node: the array of individually controllable elenments 104 is kept
essentially stationary and the entire _pattern is projected onto a target
portion P-1958.010 --12-- 120 of soddtrate 114 usi ng pul sed radi ation
system 102. Substrate table 106 is noved with an essentially constant
speed [§043] t hat Ipahtbemeativdreafiguidiior of theenstwdimdnd, ssbstratetable h@o may oss
substrate 106, The pattern on the arr of i ndivi dual ntrol | abl e

el enents 15@@%"%%35{5%“5@ 18@8??38’(9"5 R siRsirateda Flle’{ﬁdc}&g?riegﬁs system 102
and the pul; r ' : : [ . | 0 are
exposed at 1t§ ﬁgne;}esghﬁaggégf)%g% [ %%@%ﬁ%@gtﬁ r%@gﬁ%%%? togoaﬁfs%éqﬁlgﬁtﬂl%, patterned

beam 110 ofpesoesn surticosgs daingtfedtheoighdhé opemippase ptdveiecogasicedigompat t ern for
a strip of substrate 114. The process is repeated untiiyrg npl.ete substrate
iS

114 has beethickigsapaile pf peperingispestrafeglifoThus is egmeniopally refedid b de:
i al | : : i
essentially,f g%%%ggng@%gg%%%%%ﬁﬁa&%?& is thiHd @e?%ﬁ@t@ttébg#i% const ant

radi ati on sys e pattern on the array I ndi vi dual I'y

control | ablgirg g6t Snckdhciuaton gadteshods:) pavhichr are tapsidenof ecwaehns acr oss
substrate 114 and exposes it. [0050] Conbi nati ons and/or variations on the
above descriosisigningdubstite Lkbwih respaet todhg path of beamd Lo ddiermstivelye nay al so

be enpl oyed,, [LOO5 ' | Q(fqg,l | |

f eat ures, c§8]r31 10 fr‘(}h@ﬁ%@gg‘fﬁ‘%ﬁﬁiﬁﬁ%&%%ﬁ@g@%‘?%c |8frfsgr eat ures,
near to or sidppEithaphssibd dT gad ehrbgh theapetigss. the printed i mage on substrate
114 can be idrir)pl))roved.9 Vggri ougs different forns of OPC features have been

descrilBett] Exanphlghooeltlithegraphy spparsins Ldkaccordingtodheipwention is Beretno,

scattering pars, ,| adder .bars, . hanmer heads. ri.fs et . I se in

i 11 erent - PRI P RURS for EiposiEiret et et prb B Erbiora@ 085G ' o ¢ ha
the spati alihd #08HRNGE £t liRitcd 3O RE 284 aiRifitnd ROl Byt skd®Sréjeet anear er those
of dense lines in the sane pattern, bringing the process w ndows for

di fferent ppiterobdbednn1ihior yaerin nesistless lithoigtaply. t oget her. [0052] It shoul d be
not ed t he rm" feature” is pften.used tqQ engconpass correction
featur{é@%ﬁ hat a?fgleﬁ’t??l%ﬁtagﬂ?fé?fsﬁgoﬁ?ﬂg%listegﬁ‘i‘ @HH&?‘%‘?‘?’@@% and, unl ess
the cqpggyt ot herwi seundidadt Gfe chflfe HEfH o thé Gitay RSO KIdNibYalGOr T ecti on

controllable elements 104 is projected in one go (i.c., a single “flash™) onto a

target portion 120. Substrate fable 106 is then moved in the x and/or y directions
to a different position for a different target portion 120 to be irradiated by
patterned beam 110. |

[0047] 2. Scanmode: essentially the same as step mode, except that a given
target portion 120 is not exposed in a single “flash.” Instead, the array of
individually controllable elements 104 is movable in a given direction (the so-
called “scan direction”, e.g., the y direction) with a speed v, so that patterned
beam 110 is caused to scan over the array of individually controllable elements
104. Concurrently, substrate table 106 is simultaneously moved in the same or
opposite direction at a speed V = My, in which M is the magnification of
projection system 108. In this manner, arelatively large target portion 120 canbe
exposed, without having to compromise on resolution,

{0048] 3. Pulse mode: the array of individually'controllable elerhents 104 is

kept essentially stationary and the entire pattern is projected onto a target portion
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features,” "OPC features,” and "correction features" should be regarded as

synonynous and i ntended to enconpass all features that nodify the devel oped
i mge but are not thenselves discernable in the devel oped i mage. P-1958. 010
--13-- [0053] It is generally a requirenent that the OPC features

t hensel ves do not print in the resist. This is achieved by nmaking the OPC

features significantly smaller in tHar the critical dinension (CD). Thus,

due to diffraction around the OPC feature, the contrast in an aerial inage
i s reduced. 1Z0hef sekginse i B} dasgpalsell radimitish sydtém d hoBdbsirage tablenl06hesen so t hat
the desired printing features (i.e t he devi ce and apy ot her

. f eat
features, f@pvehuiiesientialy gpnsiant greed syqhabatgptiern %ﬁ'ﬁ{eﬁf%ca%ﬁ ear in the
devel oped rt(asécgﬁé 1&2&%?&&41&&&??'166.’ TR¥ pahBi o?%g‘éﬁ?gtﬁf%ﬁdﬂﬂiua@@- It
he atures nma

shoul d be note owever that 1n some cases t in fact
exceed theconhesilstle tlehestzol G Buipdard wstrequireidrtwesnspulfatofandiatimshed away in
devel opnent of the resist. [0054] In an intensity-contrast, device 104,
whi ch maybesystewy 102, aaethepulses sesimedsuch tha sugsrsshicdaig st REHAR VS i ce, or the

l'i ke, the f g )y f e defined
by havi ng SSUPREE Lkoehel kbR B, QORI AR © P

feat ures on 1@ danisgdt addesslepbatine) 1 Acexpbsd MBgempletd prttertl &tiacstrip 6 pr oj ect ed
onto substrate 114. In one exanple, for pmaxi numcontrast the dark features
are conpl etssbsiraad k4. The pegeasfpisgepeatadsuntih somplste sybstiaty ldddpeResbnal  chrone

on quartz mask.e Eferwllary Contrast Device Including Print” Features and
Correction f‘fﬁg?ﬁﬂ es [’6‘655] Figure 2 depicts a part of a mask pattern

gener goagbiby a net hoGomimeeishichgmotle eadtatigKnebaits pafse hvde pxepent
invention.” In this enbodinent, the correction features are set at an

i nt er medi attbatiarsubstantiaflylconsthnt rediation sysiset Wcis usedbandthe pafitary onfthsyel  of t he

inti f eat ] he i nt i I .of t K . k L-
DS, SRRl P SRR s 1,
one  exanpl@anshiciddt kitBrhRANULRd txpssesRIPl etel y dark, having a

transmssivity, reflectivity or 'emm ssivityof about zero according to
whet hdP03lje contCGashinateons @ed/or variatians o Hisiabeye das¢tiladimodesof usedrf - eni ssi ve,

or as dark as possible. At the same. tine the bright background is as
bright as ﬁ&ggﬁ?%@i‘fﬂ%gwﬁas YSP IR AIOREARIOVEd: of [ectivity or emmissivity

25 30099, POSSIAL GenhLD I 5 R BRA) D T, 2 pos 1 ve
termed Optical Proximity Correction or OPC features, near to or in contact with
device features, the printed image on substrate 114 can be improved. Various
different forms of OPC features have been described. Example OPC features
include, but are not limited to, scattering bars, ladder bars, hammerheads, serifs,
etc., for use in different circumstances. For example, scattering bars can be used
so that the spatial frequencies of isolated or semi-isolated lines are nearer those of
dense lines in the same pattern, bringing the process windows for different
pitches in the same pattern closer together.

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

synonymous and intended to encompass all features that modify the develbped

image but are not themselves discernable in the developed image.
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P- 1958. 010 --14-- devel opnent where it has been exposed. The intensity

| evel s are reversed if a negative tone resist is used, that is one where
the resist remains after devel opnent only where it has been exposed. Thus,
in general, printing features 1 may be described as being defined by areas
of afirst intensity |evel against a background of a second intensity

| evel . [0056) In this enbodi nent, vaiPous types of correction features are
provi ded around printing feature 1, including scattering bars 2 - 5,
hamrer feessls 6 aridisgenanlly arcgj@irbdhend thatthe QRE feattrestherhsedvasde sotpridt ar e def i ned
by areas of a third, or internediate, intensity level, that_is an
intensity |Bksress Thisds pehdeverd by making Bﬁgﬂaﬂ}rﬁﬁ sgufiedptlyspaliein | o
exanple, t LSt .. i i - beal ] econd
ntonsi ty 1 5efie Al 8Rabdslod (CI5) g WaE (B Uiy SRa BOOPCTERNT | )
appl i cat i onjataegtiel@ntriit iflan MdrRNBndey id eiededi Thapppexiaddselbyd fesit * | max. | n
various exanples, the third intensity |evel mybe set, to aay .desired or

conveni ent theegkald aprsthae ehogenesorthatdhe derired peiphng ffeatwss (irsy thedevies and
di ff t ti f i i i | | s. [0057
' one. exangres el SRy BroMble i B Gl BhEaEdchdoBYE . 10057

l evel as prippbdrigtteaiabeloped resisl) 6Q5RE thEesiaphutald OPC fesiaics denotmdy al so have
either the Sanme phase as the printing features 1 or be out of phase.

Qut - of - phassbowldbe aeted baweeenthatdssoveg capes theleBEHbatares maype fagkexsessht i ve- gr ay.

The option of adjust] t he phase of th cor ' r ovi des

addi ti onal tg? 50 ‘ﬁ{ St‘@‘gibﬁp’ﬁ?ﬁ‘@ﬁnzf?ﬁ&m&gﬁﬂf%‘éﬁaéﬁeefgaé’%@’g‘# ég‘%ﬁ#é‘g@é?{ By defini hg
the correctjOpsfseatures with one or nore internediate intensity |evels,

. constraints on the dinmensions of the correction features are reduced. or

elimr@6&g. |f thenintrsityreditastdévicesfdi which mayibe; for expmple, e aaskithe resi st
threshold, i.e., n sufficient in th Lven ex e to devel op the
resist, t hé)m%'mgtei R ‘?ﬁ“’é%e’ o eﬁ’éfg atag s@%gmgﬁn%fqaﬁﬁsﬁg f eat ur es
1. Bven if tAepd HERHEIRSfinbd 89 Haling L¥Rlerdnt iARANE leh@ th@skst t hreshol d,

the correction feature” can be nmade larger than if it were defined at the
same i nt endiatherownde(e.gaslapk ifeutiragyon fadaight backgnowhd3 tand [anfimiag ef diescer nabl e in

t he devel oped. i mage. 060] These scenarios di scussed abov e desirabl e
for at IeadeV‘éqsé\KPJF%tgg%@.S“bﬁaFes]tl?‘ QIR EXJRPS: 8{5‘18%“18’?“‘@"&?}’?% tion of the

-constrai nt §,Q0eh fifes A ERAYIOBE Ak, iiexarkipt 39 f tBd fase 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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--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

t he mask and maybe physically nore robust. Thirdly, it can enable
correction features to be defined in 2 programmabl e patterning neans
havi ng a resolution conparable to tﬁé critical dinmension, which has not
previ ously been possible. [0061] There are several ways in which the

“correcti on dexelopment where fichagdpemesposed. t Rheaintensite levelsi aie evesedifa dependi ng

on the contrast device used., 1006 I e I patterning
devi ces ar é‘e%thvfggﬁ ﬁef/lsklﬁﬁ%legr %‘a‘t 1%&%‘?@%5%@1“’65&3?%1’%%%@? g%&ggﬂ%hﬁo nti nuum

of , i nt ensidnyy Wa¥eR!is hadBeeneXpoRUE THAB, indehel, Printihf fFeamets Yenayiid cal MEMS
devices (sonetinmes referred to as a grating |I|ight valve) can define

mul ti pl e didesaibedas beingdefined blyereas of alfisbintinpify kevelagpostiabaghgrowid t he

noveabl e riogbons. Sﬁaci.Bﬁl bet ween the fixed and noveabl e ri bbons

det er ni nes ¥ RSCHGIBERFBHCEF t he i nci dent light directed into the zeroth
and higpsy; ordap st diiRptReht PRATRs t§J40 @ lcotBetRICreaX @848 pravi@r ammebl e
patterning devices may be used in a node in which a switching speed of the
devi ce is faamindprinkiag fedteedx pobuing acamirariﬁtsj?-thmm@hmﬁS@mgﬁeed. In this

exanple, a tine dyration a gi.vep ele t is “on'.in an .exposure or its
dutgpr ati oaB@tae“reﬁ‘ililr?e REE "Wtgﬁ@?ﬁ?@%%ﬁ?%gﬁfﬁaﬁogﬁégﬁi'a%l e, an
absor ber t hieknes e,gfétegseig@ﬁ\gel,gfuggan@nﬁﬁéi leVA¥&veed thb Gk RRFsebdhda refl ective

mask may be varie erent 1ntensity levels. Exenplary
Processes tintem¥tydevels) enGorexanplepthe Hest tintewsi thdewinist sabsaftGdig Zerof-thgur es 3, 4

and 5 depict nethods of generatjng a nmask pattern, accordin to various
enbodi nent §3Q9Pdt1%t§niﬁye1§1é%tls &ﬁ’tg-’cﬂ'\m IWWJ%VCEEQTW@ formed in
sof t ware, fai d i ) k At GRSatidigr eof . 10066]
Figure 3 sﬁgé\geggéﬁaudgﬁnat eg%t‘?‘%gtéfg@%b%é‘ﬁﬁ%ﬁ@%? rm ne appropr{%hgte _

corr ect i on ekanaples,abe thirdtintensity lewd ntay be sefi tu any desifed er pariviceient lewalcor di ng to

one -enbodi ment of the present  invention. A desired device_ pattern, which
may al so A eGHaha Bt Al sscoBdh intensity devely @@Qfgﬁr@g,cof@“ioﬁp@ WESS o an i nput

device (no R- - == 1 6= own). For exanple, the input device can
be, but isErhagthala'?%ﬁfeg%ﬂ%%?ﬂsgty%eevt%\%brk interface or a reader for a

conpul{gys7] eadablig ofi¢ exagsie geheutreitien feattés 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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kernel, which is determined to generate appropriate spatial frequencies for
a given lithographic apparatus and/or illum nation conditions, is supplied
froma storage device s2, which may store a plurality of different kernels
for different apparatus and/or conditions, or the kernel is generated by
an algorithmfor determ ning the apE)r opriate correction kernel according
to input paraneters relating to the %‘pparat us and/or illum nation
conditions. The kernel is then convoluted with device pattern sl in a

mul tiplier cofrettionyfemareatcan allpws foreréader fexitibiyrin thuhileskgn of comectiondur i ng
exposure(s) s4. In one exanple, the cqrrection features in the projection
pattern mayfeduses Wiicleerallows &yabetiensn Tﬁﬁﬁﬁybﬁ@éﬂﬁfdﬁ}?&fﬁﬁchﬁMdal or
other sno j SN | foat 6 ssible

W t hin the%%gﬁgﬁag?egw%lﬁ% resg#ﬁ??%ﬁ{%%uaﬁgﬁo% availcimgﬁj;ﬁgﬁiont ensity
.l evel s of t hepat Tigrdingt cad endtdecatmeton fatkba]to be defined i sjrogwemarableut omat ed
process used to_determ ne appropriate correc ion,ff(ﬁ,tures t 1‘2@ applied to
a given dewnrbenpgmesnphavingabicapltion epmpasable ipfBecTHIcA CIEENIoN: ent

i nvention. ,ln_FEigur. i rst.and second one- dinensional kernels are
supplied oglaﬁgcr’\tégﬁlgudsﬁ%&? g)gsa{ﬁl "s2b and sequentially convoluted with

devi cqo@alt er n iTherddré ket niays Bawhitl thadforrdction fanauamipy be defiveed
one-di mensi onal kernels are orthogonal, e.g. one generates features in the

X- directi ovithamairgmediatedevekidspending omtbeisentyasydedes wsd- and t he ot her

gener featyres in the Y direction. ar ] . | i.,n the X
direc {’@] In o oneem?ee?rqgfal%m%%lFpélqp@%ﬁ?‘gﬁ%@a?%ﬂflé}eﬁ?ﬂg@g% ending in
one direct io?grodut:iﬂgsa FeSStRIoe a dofitinkiien Of liktesify 16G4S. Bocedintpie)snonal ker nel .

[ 0068] In one exanpl e, the correction features maybe inserted in a
r ul es- basedrroy of diftredtiveaptical fYIBYEH devdces|(pomactimgsasiangd do app @E8WEr e, at | east
one predetermned, rule.is e det.er m. the insgrtio . correction
f eat ures. Ii‘@m\éﬁj‘é‘?}ﬁ%ﬁg‘ﬁleﬁ’ﬂl‘?@pgrﬁ@er?’éﬁ@{epﬂ@ﬁ%ﬁgﬁccf (E’ig ﬁo!a eog{tlso(ﬁi sol at ed,
then inser{rané Qidvesdié %b&?@t%ﬁng_rbem th§ | @A Odndl MbeBId Mbborand havi ng a
width Wat a distance D fromthe T'ine. A nodel - based approach uses one or
nmor e f or muldaenhinesithe praportondfehd incidegilight dieastiddnto tie apdiggher17- - phase)
of a correctéoggj eatqquﬁe to be inserted at a given position as a function of
the proxi R4Sy dHfragipd BeaMy feat ures. [0069] Figure shows a flowchart
depi Ctpggya net [y 3G dnAn 818 pat RIAAS HEREs nedy HeiBedin@s®iak i nventi on.
I'n th}[(ﬁsd&éivbodi nel’l‘lg?l?eeg{gﬁkpti’%nglf d]égreg% of : 4 _

in which a switching speed of the device is faster than the exposure time and/or

the scanning speed. In this example, a time duration a given element is "on" in an
exposure or its duty ratio determines a net intenisity level.
[00064] - In one example, an absorber thickness of a mask of or a multi-layer

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

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

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

include non-functional printing features, is input sl to an input device (not
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freedom provided by the possibility of internediate intensity |evel
correction features according to the invention allow for an iterative
approach to the generation of correction features. Instep sl 1, an input
device pattern has OPC features applied, according to a rul es-based or

" predeterm ned procedure. These may ?g grayscale, i.e., having internedi ate
intensity levels, or binary as an inttial approximation. In step sl12,
simul ati on of an exposure using the projection pattern is carried out.

| nst ep s13 shévwe), Sanekample, theapmitidevico spabadut is not tintedde, a natag& | n step
sl1l4, a determnation i de as to whe r the result i satisfactory. If
yes, in st&pedcs o 8‘2’&1’@( gc)rnglger(rgpcia)%?epgtpfagp ﬁ'é‘%fﬁmpf $ﬁ8H§?%ﬂ at ed
exposure i | Sadi P A& SPGit@at ures are
adj ust ed g{ﬁ g%’ @%g‘f‘%gg‘é’?g?g‘?{&rgﬁé@‘?%%@%h@ﬁaﬁ 8’1 %ggadt’@t hea%sli mul at i on,
conpar i son ligtingraphét sppaianatandidr epsatiomeconditions, étkupp D@V dpmlastosage exanpl e,

a pr eict or HEHBHSAHIRITEY sty ARG oY SIS b bV B e
adjust ment ,588PcdRidk, difife Igon%lfisegén‘é{ag%%%bﬁgoﬂtﬂh?@f&@éﬁﬂnm fiedet er i ned

or based on e sinulation results. 1 I'n"one exanple, the sinulation
and conpar iaplﬁﬂpﬁﬁswoh&ct@drﬁ kesied atcrdiag| to Uinpbtepaamoterseodlating teetheel , which is
e

applied to t pattern_praoduced by the revi ogs tth erati ?n.%&&gm] I n one
exanpl e, t [BBPAr#RS pad/onPhiminaiangiengitionpc ekl e poryolyte e omtted

and the cygl i 1 - Sl . g xanpl e,
results of %Sglf %ﬁﬁieéﬁi%l‘é%tg?%@t@%éﬁ%g& %Egl g%’fe?ﬁﬁ'g{egg%ﬂ Iga?%tﬂ}%e hribslﬁgr}giegt ed
exposures. g Slpoie(shasi th e dxeinply) tHewoneetiotr featnies in thie@idjestionhe nmask
image is suitable for use is that its sinmulated image.is as cl ose as
possi bl e t pattée raws havsdingsite develsothab vagyr aoserding to gnusaidalioxiQthed from t he

desired pattern is mnimz Latj "By Fgg L,@q?g{l conveni ent
or suitabl é%@];,c%qs, g%wgy Bg%%@%ﬁ#? oveggfeﬁl ébgfgg% %llexel s of the
di f f er ence cHgine8 8Ntht R@oRGida bRSn@hbEE avdilabRINtbsity levEIsblithegetséringd pattern
and the projected i mage. Exenplary Conputer System (0076] The processes of

t he i nvent dovicé wsedgener ati ng proj ection patterns, whether single step of
those G | ad i fiERe ‘aPEVE Aoy BaD B b Aeel rar SRy o Y
correction features to be applied to a given device pattemn, according to one
embodiment of the present invention. | In Figure 4, first and second one-
dimensional kernels are supplied or generated in s2a and s2b and sequentially
convoluted with device pattern in multipliers s3a and s3b. In one example, the
one-dimensional kernels are orthogonal, e.g. one generates features in the X-
direction around lines extending in the Y direction and the other generates
features in the Y direction around lines extending in the X direction. In one
example, if a pattern contains only lines extending in one direction, it is possible
to use only a single one-dimensional kernel. |
[0068] In one example, the correction features may be inserted in arules-based or
model-based procedure. In a rules based procedure, at least one predetermined
 rule is used to determine the insertion of correction features. For example, arule
may take the form: ifa line is isolated, then insert a correction fgature on each
side of intensity I and having a width W at a distance D from the line. A model-

based approach uses one or more formulae to determine the intensity (and/or
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executed on any suitable conputer, which maybe a stand-al one device or part
of the control systemof a |ithographic apparatus. The prograns may be
stored on suitable conputer-readable storage nedia and transmtted over

sui tabl e conmunications networks. [0077] FIG 6 illustrates an exanple
conput er system 600, in which the prgﬁent i nvention can be inplenented as
conput er -r eadabl e code. Various enbodinents of the invention are described
interms of this exanple conputer system 600. After reading this

descri pt i orphase) ofip torrdséion featurp prerednseried ata Guenpasitingias p &mciion efifbe r el evant

art how to inple the i.nyention using other computer systens and/or
conput er ar%ﬁ?%@fﬂ?tﬂ’é‘&&%%%fs-me conput er system 600 includes one or nore
procesp@gs: SUCIFigge HRAREISAOowERAt dBpRERSSPmERId,CadtoREng t8P8kd al purpose

or a general purpose digital signal procéssor. The processor 604 is
connect ed temtdooentofithegrésent invenfioas in thistembodsnstfddrtioosldegtass of bus or

networ k). Vari.ous saftwar i ntations.are described in terns of this
exenpl ary c’fg??ﬂw&m%@%}hﬁwpf%gﬁﬁﬁggdﬁg’lﬁﬂﬁ 1 g&%‘ﬁf fﬁf’%cf_r?,mftlm% || becone
appar ent t GofuRe" 20k td Bb irfvehfith BBV VRAPtan AEhHNOYBadR GENt the

i nvention using other cConmputer systens and/or conputer architectures.
[ 0079] Conpushemtisysf @me6Gn &atoes. Nolsteged 1 aanmapwt derwe pyiter6 085 OPCef er abl y

random access nenory (RAM, and al so inc]ude,a secondary, nenory 610.
The seconddf3uies ARipdeacsordige {orfelbasadgr B ?Fﬁn&eddﬂ?ﬁ Heai LRy | ve 612
and/or a r‘?ﬂ%’%%r ;a9 ' f%lc ; L8 D BidahPRAY iddtigk drive, a
magnetic tap if}'g,éélgﬁ'%ii%taﬁglgrﬁcl séméér]?l\%l,gﬁgt C. Q’Tﬁe1 r enovabl e1 st or age
drive 614 appibanfatibh0 IOstep rsé2dsmiitation arfchosxpesirt esingothe pregjeciicabl e st or age
unit 618 in a well known nanner, Rennvgl%[e storage unit 618,. represents a

f1oppy di sWatieradhertied eutpdn 3‘65131%&]!‘3 sigpulaged Tgrage }qusmraéiﬁ’ﬁ.fegy and
witten 1oy é.erfﬁvég% %%{,tﬁ’r&%‘?rggia't%ﬁ i81fade 5s 'vh—ﬁtlg:? HAPRE&H fAt ed, the

renovabl e s o‘%age u 8 inc €S a conputer usa storage nedi um

havi ng st orsegkfidi@yeinyes, mftep €76 Safpuaur«s)yn (Hreyperfainzed. [ARSHhulatedal t er nat i ve
i npl enent ati ons, secondary nenpry 610 may |include other si m'lt%r means for
& ed;

al | owi ng cSHPARNETIS BeisgReiftred patisfisary IR 8iep 5bx the G latBees prdBsted; nt o .
corpu et = R8s BN, EPL A PR T B B
determination steps are repeated.
[0070] In one example, the cycle is repeated until a desired quality of image is
achieved or for a predetermined number of cycles.
[0071] In various examples, the adjustment step s15 of the OPC features may be
rules-based, predetermined or based on the simulation results.
[0072] In one example, the simulation and comparison results are used to
calculate a correction kernel, which is applied to the pattern produced by the
previous iteration.
[0073} In one example, the initial application of OPC features step s11 may be
omitted and the cycle begins with a simulated exposure.
[0074] In one example, results of actual exposures may be used in place of the
simulated exposures.
[0075] The basic criterion for determining whether the mask image is suitable for
use is that its simulated image is as close as possible to the desired pattern to be
printed, i.e., deviation from the desired paitern is minimized. Deviation may be

measured in any convenient or suitable way, for example by the sum over all
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programcartridge and cartridge interface (such as that found in video gane
devices), a renovable nenory chip (such as an EPROM or PROV) and

associ ated socket, and other renpovabl e storage units 622 and interfaces 620
whi ch all ow software and data to be transferred fromthe renpvabl e storage
unit 622 to conmputer system 600. [Q_gg_l] Comput er system 600 may al so

i nclude a comuni cations interface 624. Conmmunications interface 624

all ows software and data to_be tra sferreg(ﬁb tween, . .co ter system 600 and
ext ernal ddvxdesef thediffgrease Bpivss SRURFSS s‘ﬁe PWF@‘?%&D%EA%‘H%‘ i ncl ude a

nodem a ne rk i : as an Ethernet card), a conmunications
port, a P ‘I%"l;ﬁng'?ﬁe nréfegggéﬁlldg{c

)

. Software and data transferred via
comuni cations interface 624 are in the formof signals 628 which nay be
el ectronic, electromagnetic, optical or other signals capable of being
recei ved byExeowiinCerPuisASYstaler f ace 624. These signals 628 are provided to
communi cations interface 624 via a conmmuni cati ons path 626. Comruni cati ons
path 626 carries signals 628 and may be inplemented using wire or cable,
fiber jo@m)i CS, aHRPRIGsIe BEthe mv@ﬁdiérufoager@fa@m%gidmﬁonﬁmemgiwnetﬁérequency (RF)
|l ink and other conmmunications channels. 10082] In this docunment, the terns
"conput er singly sep abdérative, anky beoffpnindehy cumpuitrepragamsivhigh aydsd t o
generally refer .to,nedi,a,such,as renpvabl.e st ( -dri 614 .a hard disk
instal | ed i"Wf’?&rIH @Iogq(slap?ctgl %‘fz“{ PN AR IFé’%‘% - ﬁ%@%?g% al|ct)lfiogr am medi um
and conput @ked SRR nEinyBEikdbIR SRS Khich nefy beQ sERABIdR Hevied 6fparfsf NI N menory
608 and secondary nenory 610, that can be nmenory P-1958.010 --20-- _
seni conductlr @nfrel system ofmbthiographicdpparaiws.c The programs moyioredioa. ) These
conput er program products ans for, proyidi ng.software_ to, conputer
system 606‘.11%[@?) 7 ﬁ%‘gﬁfepgg’é?gﬁngle(llﬂp fﬂgc&ﬁsgﬂa‘f&%n%vﬁf B F ol 1 ogi ¢)
are stored hRmualoEiEkyk808 and/ or secondary nenory 610. Conputer
prograns may also be received via comunications interface 624. Such
conput{ed77pr ogr aiféG. cillesiratesacexasgple emabite sydten 600pnwdrncisths praseB00 t o

i npl ement the present .invention as discussed Eer in. In rticular, the
conmput er piHGP %GWQHPWEEEF&?O@MBW@?’%&O ?'@ mg _ .Btsi npl enent
the brocessecdhyddifn e a8tibed HPRHhO BT ti\Ghndle (ARBHEI 32 00.0Ne Or more

el enments in systeml epl cted by Figures,
After reading this description, it will become apparent to a person skilled in the

relevant art how to implement the invention using other computer systems and/or
computer architectures.

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

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

magnetic tape drive, an optical disk drive, etc. The removable storage drive 614
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operations di scussed as exenplary operations of system 100 above, as
depicted in Figures 3-5. Accordingly, such conputer prograns represent
controlling systenms of the conputer system 600. Wiere the invention is

i npl emented using software, 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-19communi cations interface 624. [0084]
The invention is also directed to conmputer products (also called conputer

progr am pr odstffom SIS Wich b Sefrovatiesteiags kit 618 inayelidnpwh emnuseabl e
medi um  Such software, when executed in_one or nore data processing
devi ce, cauBemovaide sigrags unitotlss seneseniowy Benpy)disle naagmetie taps. epticabscr i bed

herein. Enbodinents. pf th i nventiqn, e MRHLS4 U e or
readabl e ne‘gghg{% Wﬁ%ﬁﬁ rﬁ%ﬁp%@%wﬁﬁnﬁ%by{%ﬁ&ﬁ%é% es ? 4'c%rr_pu er useabl e
medi ums i NoYeUgiSredpiitd, 306 rBRbvablEisiopske Wt 618 inthidesd osBp@edasables (e. 9.,
any type ofrandom access nenory), secondary storage devices (e.g., hard

drives, fl cppygomsdism lERIRGMESed Horeid cokputer piflavare andeidata.c st or age devi ces,
opti cal or age .deyi ces, .MEMS, nanot echnqgl ogi cal orage, device, etc.),
and cd i cat i Jﬁaﬁ‘@'ﬂﬁtb%ntpié.s‘ﬁeﬂta F’éﬁcoé‘ﬁﬁy%}emr%gid m%%ﬁ\%‘ﬁ? é)c/'ggrl ons
networks, |a6al. ALGR RSN onMulS pRIRAnd B oM kistrubidisao B Badedet C. ) . It is
to be appresgilﬁatengét at the enbggdiunerqts descri bed herein can be inplenented
usi ng sof t viatoeonipatetwgateam 600 Suelr megans maydndlidea forexemphe peahovable- 1958. 010

--21-- Conclusion.[00851 Whjl e, var] emhodi ts of the. ent invention
have been fE¥agq Py zzagé\ﬂé", lntqf%%éﬁgéwmﬁd&%n%&@w&ﬂf@ %have been
present ed ti%ﬂ%‘}@%‘;eaga}?ﬁé@féﬁh %a{ncél@%ey inté@fide {Qich |ds thhtefohRd in hidedl danebe appar ent

10 persons s n“the re nt art ‘that various changes in form and
detai |l can deeico®de tehewvebla membryuthipgpaht angn BRROM, e BROM)tandnd scope of

ot be. | | miaEEsiag HlcloRd G EVEILS LG AN BAP B RS ont &1 bt
cqui val ont S FRuER -G SR A RO e e g
mask patt erg22 t¢ osmputst $1@ten( 8)0.r ecei ving a device pattern representing one
or r{gogﬁ atur eSC(;[n?puter system 600 may also include a communications interface 624.

Communications interface 624 allows software and data to be transferred between

computer system 600 and external devices. Examples of communications

interface 624 may include a modem, a network interface (such as an Ethernet

card), a communications port, a PCMCIA slot and card, etc. Software and data

transferred via communications interface 624 are in the form of signals 628 which

may be electronic, electromagnetic, optical or other signals capable of being

received by communications interface 624. These signals 628 are provided to

communications interface 624 via a communications path 626. Communications

path 626 carries signals 628 and may be implemented using wire or cable, fiber

optics, a phone line, a cellular phone link, an radio frequency (RF) link and other

communications channels. _

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

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

as main memory 608 and secondary memory 610, that can be memory
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be printed; (b) generating the nmask pattern conprising the one or nore

. features fromthe device pattern having a first intensity |evel against a
background having a second intensity |level and at | east one correction
feature having a third intensity level, the third intensity |evel being
between the first and second intensity |evels; wherein step (b) conprises
(bl) convoluting the device pattern—-#+h a correction kernel, wherein said
correction kernel is derived fromthe results of sinulating an aeri al

i mage that depidohdboRr @ acEnanicrat]ode hécess pitmibhe(DRASK, pajtFrese i n a

| i t hographi c projection apparatus; conparing the sinmulated aerial inmage to
t he devi ce QoEIDESTHTOSHRTY ProfygisRLE eAns FE PrAdkNgsafwaretocompHSE systebdi f i ed

aeri al imaq,)gJ of the nodified mask pattern nore closely resenbles the

devi ce patt %n. 2. A devi ce manufacturing method, conprising: (a) receiving

a devipgg3at t er ICEBHIES pdtant (aRBLHMNES coapier Poritrtl eic) 4Bktc@ahir ating a
mask pattern conprising device features having a first intensity |evel
agai nst a hbnahkgroowry 68&eidier secandeymaerony§i8i €ompuigeprogransgeay aliast one
correction feature having a third intensity l.evel , the third dntensity
level bei R§ TB end ?‘?T_Bl%f’f“rcgtfonﬁrlme& 083‘?& Xléﬁfl?eﬁoﬁl?‘i}eﬁ RVEres: ‘2’%‘%}’ usi ng a
pat t er ni ng REaAY, Shatl oo biatel s RRMIIbiaPlemeat @EIBRbsn iventioRs al | ¥

nodul ate a beam according to thé nask pattern; and (d) projecting the
patterned bitsossefl hemih. aln fowticnidr othe compyter prograniso when xecutedpentablet e; wher ei n

step (b) conprises ( conyoluting the device pattern with correction
kernel , \/\héﬂgprr?cgséf”dg(.i% rIHE’\t{‘fn&‘?’llt[ F@gﬂ{g‘?es?esg o(fé]%? Pfgﬁe vaﬁp??'fé Spgjs?fl ts of

si nul at i ng oPBrafibhs fﬁlo B %fork RimeRUh dyREmPI0BIMCRSiQ8Y BY Pighfes! #l of the
mask pattern in a |lithographic projection apparatus; conparing the

si mul at ed apeiatibng disgesddas hemplayioperafians afisystera hO0 aboR8, as depigted #yi ng t he

mask pattern so that a podified aerial imge of the Lfied nmask pattern
nore cl oselfjguresds ‘"é”é’r‘ilﬁglyosé‘\?_ E‘EHEH?”[FE?W“%@ ."epf?ﬁémr@gﬁ%“%fysﬁrﬁi m 2, :

wherein thee rcﬁgfli)me?gys]fé?ﬁ 60, Witerd ¥ inRhIBNRIiAPRInentbd ulilg sdIAEd of claim

2, wherein the correction Eefne IS one _
' the software may be 'stored in a computer program product and loaded into

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

implemented using software, hardware, firmware, or combinations thereof.
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di rensional and step (b) further conprises: (b2) convoluting the device
pattern with a second correction Kkernel, the second correction kernel
bei ng one di nensional and orthogonal to the correction kernel. 5. A nethod
according to any one of the preceding clains, wherein the generating
conprises inserting correction features according to at |east one
predeterm ned rule. 6. A nethod accU?HTng to any one of the preceding
clainms, wherein step (b) conprises: inserting correction features based on
correlating intensity of the correction feature to proximty of printing
.features. 7 f,hod according to any one of the preceding clains, further
conprising: generating a data file formatted to be used in control of a
programabl e patterning array to inpart the mask pattern to a beam 8. A
met hod0885jor di ngWhide warious ambodintehts of thegpeetenignedndiombavethgen deseribesonpr i si ng:

ting, based h | d tion kernel: and
= combiR frigondbe nds pad Tefihedhite thed brefertd BT RIERATPE goner at o
the nodifi %ﬁlyi,'ﬁﬁn Sg@gﬁﬁi‘i‘z&f&n %-v}«iﬁ %ﬁﬁ%ﬁﬁﬁ%@h{@dﬁé& Ak efevidt@rr ecedi ng

cl ai s, wher steps o ating, conmparing and nodi fying are
repeat ed a thatedsbey changes infombend détail carebe nihde therein ithdubdepartiigng t o any
one of the preceding clains, wherein, said steps of sipulating, conparing
and nodi fyif{%@n theespitipagdiseepa pfthe myentian,| Thus theﬁﬁgadgb%qcma 0Fg"ebel ow a
predet er M Aeelohl1hFiiSh thoudnorbe HHIRH b5 anP6 AHE HBVEQMRAILS Briflag! am code
nmeans t hat, en executed on a conputer” systeminstructs a syStemto carry
out the st epbhodieaityboghotld bedyfiredenbfin atcardmcdwitiotht olloidng dlaiosnput er
readabl e storage nmedi um having recorded thereon program code neans that,
when executidd their equivgigsth er systeminstructs a systemto carry out the
steps according to any one of claims 1 to 10. 13. A lithographic

appar at us, -conpri si ng:
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an illumnation systemthat supplies a beam of radiation; a patterning
array of individually controllable eJC:?égP.nts that spatially nodul ate the
beam a projection systemthat proje the patterned beamonto a target
portion of a substrate; and a controller that controls the patterning array

of i ndividuall controll able elenents so that its elenents adopt states
representi ngﬂﬁéﬂ%@éﬁltern, the projection pattern conprising a
convolution of a device pattern and a correction kernel; 6 --25-- wherein
the controller redei ves\ nathad o€péresaingiangask pattaevioneripatiet er n and convol ut es
the device pattern and the correction kernel, wherein said correction
kernel is derived from®Becchdnga devicsrpatieyeaeScAENEONCLE MoKt feripEsg® t hat woul d
be produced qq pipigection of the mask pattern in a |ithographic projection
appar at us; conﬁ)girl ng the simulated aerial imge to the device pattern; and
nmodi fyi ng the mask pat {&y gereeitinp ahe andsRdiafte@de@ggrisilg ihvage: of nioke nodi fi ed
mask pattern nore closely resenbles the device pattern.... 14. The

apparat us of fedtuiepiram thegryiceipatiern davipse fiest Inkpsidened ngpinsta baskerowadsi ce
pattern with,g. i i 1S L.oRal f i I 5. An

appar at us acé%}]%' ngS Jtogﬁ glli FI%E}? l%qeg%l{rﬁ #éea%?&gﬁgﬁ%q%&,igﬁ%%r g?iglhta ﬁ%}% controller

convol ut es t higtetietyi legel paiet @il nichkityd lavae bethgreesieen ahe ffiegtnamfl sdebgd
correction kernel to generate an internediate pattern and then convol utes
the internedigtstydeitelsern with a second one di mensional correction kernel

(P, Senerate 10 BLEgtReh Ayl o ORRPSISPe BEGRE AGy besl, o

clainms 13 to 15, erein g array I'y“control | abl e

el ement s nmodibat@Rnkbeh)eaidtaM §4id dorrdtibh REreligdbmeedtiing eheQbsulBE | Ntensity
| evel s. 17. The apparatus of claim 16, wherein the correction kernel

generates corr ectinyfatirgzmacas! imnge tept axovidelesprodured onmapmsetiop afdhel
internediate of, a high a a_ Jowi.ntensity | evel of the device pattern.
LI THOGRAPH CTRBBRERTO & ﬁ%‘f‘%@,“’%ﬂ‘é@(}ﬁﬁﬁ%ﬁ“@m@m PRODUCT FOR
GENERATI NG A MASK comparing the simulated aerial image to the device pattern; and

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

modified mask pattern more closely resembles the device pattern.

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

comparing the simulated aerial image to the device pattern; and



PATTERN AND DEVI CE MANUFACTURI NG METHOD USI NG SAME ABSTRACT OF THE

DI SCLOSURE Grayscale Optical Proximty Correction device features are added
to a nmask pattern by convoluting the device features with a

t wo- di mensi onal correction kernel or two one-di nensional correction
kernels to generate grayscale OPC features. The resulting pattern may be
used in a projection |ithography appadatus having a progranmmabl e
patterning nmeans that is adapted to generate three or nore intensity
levels. An iterative phagifyhgahe ShiRiafibinng tiena apdifRid abnaEdeagd dfaltie woul d be
produced by thqw‘geattern conparing the sinmulation to the desired pattern,
and adj ust i ngradiécdopaskipsgienraerepigpelyscsgmblpstle dpyirematteman opti mum pattern
for projection Figure 2 1/5 100 104 102 1 0 112 118 110 124 110 12
126 128 132 108 1120 114 110 114 138 140 138 134 136 Y 132 106 FIG |

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

predetermined rule.

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

correction feature to proximity of printing features.

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

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

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

generating, based on the results of step (d), a correction kernel; and
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convoluting the mask pattern with a correction kernel to generate

the modified mask pattern,

9. A method according to any of the preceding claims, wherein said
steps of simulating, comparing and modifying are repeated a predetermined

number of times.

10. A method according to any one of the preceding claims , wherein
said steps of simulating, comparing and modifying are repeated until a result of

the comparing is below a predetermined threshold.

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

to any one of claims 1 to 10.

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

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

13. A lithographic apparatus, comprising:

an illumination system that supplies a beam of radiation;

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

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

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

correction kernel;

sl s4
Ker nel
S11
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wherein the controller receives data representing the device pattern and
convolutes the device pattern and the correction kernel, wherein said correction
kernel is derived from the results of
simulating an aerial image that would be produced on projection of the
mask pattern in a lithographic projection apparatus;
comparing the simulated aerial image to the device pattern; and
modifying the mask pattern so that a modified aerial image of the

modified mask pattern more closely resembles the device pattern....

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

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

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

the patterned beam.

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

pattern having three or more intensity levels.

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

low intensity level of the device pattern.




