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[0002] A lithographic apparatus is a machi ne that
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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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[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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--2-- irradiated by scanning the pattern through the
beamin a given direction (the "scanning" direction),
whi | e synchronously scanni ng 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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P-1958. 010 --3-- [0008] According to another .
enbodi nent of the present invention, there is provided
a devi ce manufacturing nethod conprising the steps of
receiving a device pattern representing features to
be printed and generating.;a. mask pattern conprising
device features having a first intensity |evel against
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I Een e invention,” there provi
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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a projection |lithography apparatus having a patterning
array of individually controllable elenents, a
projection system and a pattern corrector. The
patterning array of individually controllable el enents
is settable to three or nofje P-1958.010 --4-- states
that are configured to nodul ate a beam The projection
system projects the beam onto %ﬁsubstrate to print, a
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the present invention, are described in detail bel ow
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drawitigsr 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]
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reference nunbers may indicate
the present invention.

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

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

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

[0018] The present invention will now be described with reference to the

accompanying drawings. In the drawings, like reference numbers may indicate

identical or functionally similar elements.
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identical or functionally simlar elenents. P-1958.010
--5-- Detailed Description of the Enbodi nents
Overvi ew and Term nol ogy [00191 Although specific
reference may be made in this text to the use of

|'i thographi c apparatus in_the nanufacture of
integrated circuits (1Cs), it should be wunderstood
that the lithographic apparatus described herein may
have ot her applications, such as the manufacture of

i nt egr at ed Dthile@Dexesiption ofiedambedanentsdet ect i on
patterns for magnetic donmain nenories, flat pane

di splays, thin-film nmagnetic heads, etc. The skilled
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or "die" herei n,fma e considered, as non rmug, with
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The basic principle behind such an apparatus is that,

proceseocblapdre, addressed areas of the reflective

[0020] The term “array of individuaily controllable elements” as here employed

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

[0021} A programmable mirror array may comprise a 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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surface reflect incident light as diffracted |ight,
wher eas unaddressed areas reflect incident Iight as
undi ffracted Iight. Using an appropriate spatia
filter, the P-1958.010 --6-- undiffracted |ight can
be filtered out of the refjected beam I|eaving only
the diffracted light to reach the substrate. In this
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individually controllable el ements can conpri se one
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emr3, 193, and PCT patent applications WO 98/ 38597
and WO 98/ 33096, which are incorporated herein by
[0024] r ef erlerboth pithe lseiatiops tiescaibédhere above, the array of individually

controllable elements can comprise one or more programmable mirror arrays.
More information on mirror arrays as here referred to can be gleaned, for
example, from United States Patents 5,296,891 and 5,523,193, and PCT patent
applications WO 98/38597 and WO 98/33096, which are incorporated herein by
reference in their entireties.

[0025] A programmable LCD array can also be used. An example of such a
construction is given in United States Patent 5,229,872, which is incorporated
herein by reference in its entirety.

[0026] It should be appreciated that where pre-biasing of features, optical
proximity correction features, phase variation techniques and multiple exposure
techniques are used, for example, the pattern “displayed” on the array of

individually controllable elements may differ substantially from the pattern
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[ 0025] A programmabl e LCD array can al so be used. An
exanpl e 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
appreci ated that where pr_eY_.pi asi ng of features,
optical proxi m' ty correction features phase
vari ation tech s angd nul ti pI chnl ues
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 ayer "of resist to a substrate and devel ops the
mxtpcdegdozr mspetipn dvolaWhesst applioghle,dhe disslosure iherein may be
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or exanple i'n order to create a nulti-layer |C,
thmt the term substrate used herein may also refer to a substrate that already

contains multiple processed layers. _

[0028] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nm), as well as particle
beams, such as ion beams or electron beams.

[0029] The term “projection 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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that the termsubstrate used herein may also refer to
a substrate that already contains nultiple processed
| ayers. [0028] The terns "radi ati on" and "beam used
herei n enconpass all types of electromgnetic

radi ation, including ultrgiolet (UV) radiation (e.qg.
having a wavel ength of 365, 248, 193, 157 or 126 nn
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[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 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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projection system |nmersion techniques are well known
in the art for increasing the nunerical aperture of
projection systens. [0033] Further, the apparatus may
be provided with a fluid processing cell to allow
interactions between a fluyd and irradiated parts of
the substrate (e.g., to selectively attach chem cals
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[0036] | e vhRAERY 9t odHiaRaTY caveliene Remeats 1B te &ra progemcpable
_ I o .
RSP parf b pscdioP ARG apali e B hoai 08 18 sl U
Radtioat oHhesarsayeshi ihOiidually entoslizble elemsnipplOdi cag e fieaim
110 of radiation (e. % , W radiation), which in this
ISERUVE & Proyectian sysera d UB o oMy els 1y alfTagt Ve fTaagiment an

s L gy,
deridegect shown pophochingelrpesitidnéngit with bespent ldlrojektion system

&eﬁgeral , the position of the.array of_ individually
148 PTeispisted; indisriduplly ganteollgblselemsndyl 04 ap gf § tetleetyye

| ecty j I hve
&?‘?Qﬁ%b@gtﬁ&g\%&%%ﬁ%o@wdglﬁw %dl}’gl% f} gtgn roF ‘abl e
[0037] €l eneDbjsctki¥le 108G cdibeponnaitwith 4 ibstrpoBolderqhotgecifiealiyce
not shovvnq)l for accurately positioning it with respect

showp) &}Jéwld ing asybiteats 1 OB 8..AsTepist eoatrdpiiligaagwater or glass
i ndi vi LI | : .
SBPrl0AHG bleef BB( 06 5APbE o BTRTchn sttt Bl hich 116 for
zitcg%iatéil}dlb@,ﬁtidhi&%ﬁﬂaét@ité abl witk k@g@dﬂt@ projdcfion &Ystéahjl et

e 106 can be provided with a substrate hol der (not
[0038] speciRrojsatioy sysiemvidB (e, hanaim gnd{or (BE? rlentsesystem or a

o i st t il .
st o s See ol B Rs ol wBh Rt o5 2
RARr s Q8 BartiBY L6 flnlﬁroﬁéé[in% ACpHiteinRl beRA Tedcivrai fitfin a
substirate 114 with respect to projection system 108.
He@03plitter bljSewtto o targstposinnll2g (€.6. gne ommgreaties) of pthstrate

RN N R S R R
controliable elements 104 onto substrate 114. Alternatively, projection system
108 may project images of secondary sources for which the elements of the array
of individually controllable elements 104 act as shutters. Projection system 108
may also comprise a micro lens array (MLA) to form the secondary sources and
to project microspots onto substrate 114.

[0039] Source 112 (e.g., an excimer laser) can produce a beam of radiation 122.
Beam 122 is fed into an illumination system (illuminator) 124, either directly or
after having traversed conditioning device 126, such as a beam expander 126, for
example. Illuminator 124 may comprise an adjusting device 128 for setting the
outer and/or inner radial extent (commonly referred to as c-outer and o-inner,

respectively) of the intensity distribution in beam 122. In addition, illuminator
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r mnor system) can be used for projecting the
patterned beamreceived froma beamsplitter 118 onto
a target portion 120 (e.g., one or nore dies) of
substrate 114. Projection system 108 may project an
i mge of the array of indijgidually controllable

el ements 104 onto substrate 114. Alternatively,

jection syste 108 roj ect images of secon
A BE eneiSRoIade vaiovs PGPS sy Bt i 4 ntcgpeior (30 ¥
el v ialdey 198N RO ARG, SLERCNOSintfifieiAg lorfthe array of
shutters. Projection system 108 nmay alsO conprise a
mdoviduallgrenaolizble ¢lomentstld4flos m ddsized enidordatyyamsionteneisy

and, to project mcrospots onto substrate 114. [0039]
@6"15’(1’8@011212“3(%9?5?""5}?' exci mer | aser) can produce a beam
of ragi.afj : horal ' ithi
(00401 Py | { o 8 etey, i GBRd e 1 gt PO may o withly |
e hoasihg bf hiwitaphit peojertoadppantis tt DO Gisrig ofte theeaded6hen
such as a beam expander 126, for_ exanpl %P 111 um nat or
sopucerdy iTbmsTuseaER. lapxamnlely Relsraaivesmbpdments squer
} (o Pl AR o MAer R b o S BRTOR i cose,
tadRitibAbess 12y whutd bé Buédtanintoappamuaslil. (elgn vaidoitkiaghof
il lumnpator P-1958.010 --10-- 124 will generally
suileblgdérecting oimoryt hhis latisrprsnein is often g case wien source 112

integrator, 130 r I ' A am
R PR on ¥ R B PRACERRA i 5F el S U
Scridnisthiead Rliirethe FedPeo f M prbast avelginl ed unifornity and
intensity distributioninits cross section. [0040}

c

[0041] | t shBedAna 1 besubseagntlninterceptythe arrapoRngiyiduaily cenfegllab

R e e T R
BPOUE 6@ayl dAndlividualPESIoabld BRmehRI1 08 XRERI 18D patsds through
alternative enbodi nents, source 112 may also b

e
prejectien $ystsm 108, iiphafperises braoj bldt andma tasgri partien 12001 then
%’Sits tC?E‘E’ radi ati on beam 122 woul d be directed into

Data 100 (e.g., with the aid of suitable

[0042) di I eCiiMGnE LA & pokitiohiHeNehvREN2E (REESRIdnAIY tt@fdSMetie
case when source 112 1is an excimer laser. It is to be
mppndog et Bdan abesdplat 13hibsresatens int¢rfgometaic beams 138

.ont |l ated within th f . th t
T R =
st BfrerbMdhrbebiHibs 12873 Yl JafPd fheam 110. Where used, the

positioning device for the array of individually controllable elements 104 can be

used to accurately correct the position of the array of individually controllable
elements 104 with respect to the path of beam 110, e.g., during a scan. In general,
movement of object table 106 is realized with the aid of a long-stroke module
(course positioning) and a short-stroke module (fine positioning), which are not
explicitly depicted in Figure 1. A similar system may also be used to position the
array of individually controllable elements 104. It will be appreciated that beam
110 may alternatively/additionally be moveable, while object table 106 and/or the
array of individually controllable elements 104 may have a fixed position to

provide the required relative movement.
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el ements 104 after being directing using beamsplitter
118. Having been reflected by the array of

i ndividually controll able el enents 104, beam 110
passes through projection system 108, which focuses
beam 110 onto a target paQIj..on 120 of the substrate
114. [0042] Wth the aid of positi oni ng device 116

10043) (" BB ARl (lsEm O PG o AT HhbRuc e o

bearad, %38 sub@tx%télqa'ﬁleﬁx?'mdﬁeﬁ’éle é@)subs?zﬂd&ihlﬂa‘l@é twhée o6
can be noved accurate so as to position different

tsatoges subsirate tabde 100Mis movlﬁed pihie oaltibslgraf Dpeninghen a flat
used, the %OSItI on| deV| ce for.th

PPRSPRIGRNRS Bl et PR v ﬁgﬂ?’é“gfgﬁp@é’h&/eb%g”&&@d“{ 0

%&Hﬁ@éa%'abﬂe%%ﬁ@%hlﬂ bﬁﬂﬁé 1140 i istchveatib@llydtierred to
i ndi vidually control el enents 104 with'respect

ss0ant diebgasing avhngsorent. 1&1€bstretegl4 1ajuoqug)var subsirate Itable 106

ener al nt of, obj.ect ta 106 i
i04, o 07 PR ETRtors (BOL DY, kST & ebalp & aceiiitely
g%zﬁddn%mgﬁaté 44 %ﬁﬂ%ﬁecﬁfortﬁg ﬁatﬁ%‘iL Bk&n (i DN Alternatively,

itioning), which are not explicitly depicted in
fribguate 114 may b mdvad osgrssubshatﬂyblall% bpecletvdlyt starting and
positiqn the ividually controll able

S panis the pagsage p 24zt u%‘éﬂ‘ﬁﬁﬁf’@%sat ed that beam 110
[0044] may NI tlitf{%ﬁ(ﬁlﬁgi?gﬁljaftﬁﬁ gb(l) ¥°£Fdﬁ%$6q?%51?$?t ualF §3/re1n

ect ta array
@esnmﬂsaoll dsdbing ferl exposihs a 134t omy sutairateat wilkehapposidiedthatt 0
provide the required relative novenent. P-1958.010
the i IT’GDUTID‘GEB‘] Inﬁﬁtedéﬁ this pesand eprasatin HiG "@%Nbcﬁl}sﬁ togrrpiget 2

y be fixed, with
@%H%rd%%hﬂﬁ%ﬁsg%%S&gg%%ﬂo%ﬁsubst rate table 106.
10045] Wer eTlﬁd\d@xcchagi@fams 190kah bate:dtin b plﬁ&rdzcﬁmpdésw ded

with a nmultitude of openings on a flat uppernpst
[0046] surf abe, o%tsp HapdRy thedentine Patierm: oe thp ewiakgefl insdivdwlivde

0 a sup L ”
Sofvg S0k B oGl PO PR g
1@FpcBhdrtiBe 820, IRibatk4te b RNEBLs th&ﬂﬁ@ﬁéc&h@heb&l&d/& yﬂin\ée@bns
over substrate table 106 wusing one or nore actuators

tordiffmenimositiohi fon aadigferenh tnges portioie €2 & b yrradiated by
i%gtsm %nl ng\llﬁubstrate 114 with respect to the path of
4P52mAlPer natively, substrate 114 nay be noved

o ot b gaimma bl s, g
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 = 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]

[ 0044] Al though lithography apparatus 100 according to
the invention is herein described as being for
exposing a resist on a substrate, it will be
appreciated that the inventionis not limted to this
use and apparatus 100 nay_ ;e used to project a
patterned beam 110 for use in resistless |lithography.

4 The i ct ed ar atus 100 u

L28e b dtn 8 wSing prBRETR oS st R, Stbaletbla 084
RRYEEHIh 8R edsBifti A cMst it sﬂ)é&q 'sNdhC{Hﬁclchlﬁfem&PEgahPi 138 Eﬁlsed
el ements 104 is projected in one go (i.e., a single
tof $cas I)neoaﬂrossasubstm’tg é06.pdihtipatierb2e thSuvsy raftindivatuhidy
106 s th n nopv e and/.or di recti ons
GRS (TN S e e RS T e SR T
%@teﬂ?l@f eﬁfﬂdch@féﬁgest%)f nﬁ’i@&?] ikl sheafiveirgel Midds 120 are

can node: entia e same as step node, except
tipabedat @areqmretddc@abnmrmbsjme:ﬂz@ Censeqmenﬂx,gmuemied beam

single "flash." 1nst the array o i ndi vi_dual |,
i erassosubiie 4 ?,g' @43"}1393%@9&8@8{‘?‘%3&%6@ {og g strip of

SlivkeRE 198 "I;hlgﬁiréﬁess kb ed ﬁﬁﬂ%o&hfe@&édbgﬁate 194has bbdP
y directio edv that patterne
dxkdsedslireeysleet. t 0 scan over the array of individual I y

cont roI | able elenents 104. Congurrently, substrate
tabl e+106 Centiuqus scanands) spsenbalbethe W%@@Eﬁ@@ﬁexoept

s

sredyFindividnalyadontrellabld Elegents w‘@@hp(ﬂlﬁéd as@attaraed Benm Dl
exposed, w thout having to_conpromn se on resol ution.

:foc@ml@aross suma%IMéeXpwsarray of individually

contr e

ot at 1 aPeedaf FIE sl plneoBRhe SRR NS oS peeor,
érﬁﬁ&ﬁ?ﬁizft@éﬁtlr@d&es Bf d983ay0dléb be ddployel20 of substrate 114
using pul sed radiation igsten1102 Substrate table 106

|s by discuiseth ahave dyendding pYdidomd small fspuess. seremonlyat

é‘f@ﬂf%l ?%1mgf% gfogg?ttogrc)ﬁ %gﬁ: {eﬁtgregrx}eg{)toloclfrrﬁ? St R¥im
aewde%ﬁuﬁ,ﬂsl the pﬁﬁféﬁﬁﬁhé@&h @u@.{r@@anh%mieé ithSroved avagols

requi red between pul sés of radiation system 102 and
differeptifsms o IQPG fmmemm btehadessub@esl%xamlc b gefeatures

BRlhct BT £ B BN P BB e R S

S Mfor B 1951?&&%%&5%?{3&6&@1 & eﬁé&ﬁﬁl% Sschif@ing VR cah Be used

pattern for a strip o
so that the spatial frequencies of 1solated 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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substrate 114. The process is repeated until conplete
substrate 114 has been exposed |line by line. [0049]

4. Continuous scan node: essentially the sane as pul se
node except that a substantially constant radiation
system 102 is used and thgspattern on the array of
individually controllable elenments 104 is updated as

100531 B3 oo S Eencrefippasirei e e SAtHRGHhoaevet oAl Pant
yﬁﬁ‘e REQY THIlES GiHibRd bFRiRoThe UBE féb.'i:ure@snérhﬁ@e{nﬂtr smalleri in_

fferent nodes of use may al so be enpl oyed 0051]
this ches sriticah ivensidoy (G| Tusadite tto cinkitackom I'aJ‘OUhé dbe) ﬂé’Q

onmonl t er ned t | P t Co t OPC
B hsteonis i i et ARy SRR Te Y B P
xg}lﬂk@h&a'ﬁé g{ép'c%&% LBNhUhs ag%e gﬁ% %?&m{%@s (ﬂ@prtgef&am
ari ous I Tferent OPC fe

forms o ures havé been

fistanasiahé dny dtheanfphterc@FGr éxmatple marks bntakgcm;hatkant infandediot
limted to, scattering bars, er rhea
Fpprg th edéwelopeé 55151 680 G%R R IFSig OO OPE (AN RSt For
e e%o*eﬁ%%%ﬂ the n??dr Re0PEeEh IOt g faEtrlfxceed
spati requenci es of 1solated or sem-1Is ted 't nes
the eesizetiraholdibassolt in fdstnse tHat are svasited dvery Smdevejphiont of,
bringi ng the process windows for different pitches in
thpeesshne pattern cl oser together. [0052] It should be

[0054] Ot €yt gﬂ%eﬁ&‘;; Egtdg& oﬁ%ﬂfcﬁﬁgﬁgﬁfgéﬁ%{dﬁeﬁ? ol o

enconp rec on ufes

%ﬁﬂﬁﬁaﬂ‘d padtethgiidwices fnf 186 like, Ainsifeaturds¢bsth phhﬁngtmmeast
erwi se indicates, the terns "Optical Proximty

@dr@%@tfﬁ@nres) awgt dafined by I@ngfaeﬁtf@rfé% Intensily leyed rtheb theon

VRIS (8 B bt S o1 BB PR AR R s g e

&Qib%'lﬂﬁ@ﬁcteﬂﬁﬁ_ﬂﬁubeﬁat@ﬂ@ nmnetehﬁﬂplelfmaaﬁnﬁlﬁﬁfoﬁahét fhei N
t he devel oped i mage. P-1958.010 --13-- [0053] It is

dpen fentirgs\areicomaplsichidada forerampletss ishecdse stinacenventional
%%enselves do not print in the resist. This is

HreoRgy QHﬁ%'ng the OPC features significantly
smal | er in than the critical dinmension (CD). Thus,
due to diffraction around the OPC feature, the
Bemplay ContragtDeyeoei Intluding §ung Beatueh apdCormghon Kepbwras e
dose and resist threshold are then chosen so that the
desired printing features (i.e., the device

[0055] Figure 2 depicts a part of a mask pattern generated by a method, according

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

background, a positive tone resist is used, that is a resist which is washed away in
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features and any other features, for exanple marks or
targets that are intended to appear in the devel oped
resist) expose the resist, but the OPC features do
not. It should be noted however that in some cases

the OPC features may in fagt exceed the resist
threshold but result in features that are washed away

I t h
dctelogTent RERr B bee GrEsBd o e (RFRHY Jflscie peyprsed ifa
ﬁergaﬁpé ®ne os{¥PS Kised thaPl 08¢ ANER Pl RRtRAIRd 4Ttk Q&)élo%ﬁ)en@r

[ike, the feafures (both printing features
@H’savﬂe&t mrhas))ear expdeddi nBuishy geaviah primtidg fi¢adurent may be

T A P el o

&'ﬁvéeﬁﬁndﬁlé?lﬁi?jr%%led onto substrate 114. In one

exanpl e max! mum contrast the dark features are
[0056] conpl kit thisyezﬂbtrd(meﬁtowamrtp;bes afcorsctidrefoabses ak tphovaded

SO BB T T O BT DPLA it MR eads 6 and 7
S L6 fé’ﬁﬁ%e@:}rkéfcﬁén fda! ggéébi sFarele“eﬁngl 9?%&&3 £3 tﬁﬁﬁtor(’f

a nmas ern gener at a net accor |ng
mfbeme@ibmdmmaﬁy Rielf thet lpﬂlem&.lflﬁltji' bevel betwean thi first hmdssecond
embodi nent, the correction. features are sef at an

infengityeuelat B aremple, theifastdntensitydeval és wbstamiiallyizgeo, the

{oRbE Bty IUfs it [ QF, R|aRirh M BRI 16 BV ot
:{iﬁ)lheétidihgl aﬁ(ﬁl&b iRl iktensitySievel agpbruximately 0. himia dk gagaird
field. In one exanple, printi ngpfeature lis

@f@mpﬂe@t e ghigrhinkensitalevelgnay hersghigrny desiredypr convenient level
§elb ol Wil oand o I ALY K, AR it S BrRERAT Hbflfks! ©

evice ransm ssSi ve,

8 haetdiferemt infeabify levélssi ve, or as dark as possible.
At the same tinme the bright background is as bright

[0057] as pdeginslexampley i swge gomwecHing ieaserey Wil have e sawe itEasjtyor
gh as possible. Wth dark features on

It
IS‘WPFEH‘\E{UH%%?@@ #dund, a positive tone resist is used,

[0058] that T @o&&ﬁbﬁtfewﬁl@@ IindySal¥R ABRS eitid)thé BamEphieSaOte
-- devel opnent where it has been exposed. The

prrrttmgsfeattgre*s évebs onlr &f phasee (3@ fphass corregfzmi foatures may be
esi. st used, IS re.the resh
It et s ear, TReptie of Sl g aphtay 2
gﬂé&mﬂ fdatdfdd %E‘@J1des Bﬂdl{%ﬁa![‘ﬂe)ﬁﬁﬁfﬂﬁ BRovidif ?dbn@éhon features.
escri bed as"being defined by areas of a first
[0059] i nt erBy tdgfihimgethe ampaicriin feabmek giithuone 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

P-1958.010




of a second intensity level. [0056] In this

enbodi nent, various types of correction features are
provided around printing feature 1, including
scattering bars 2 - 5, hammerheads 6 and 7 and a
serif 8. The correction tggtures 2-8 are defined by
areas of a third, or internediate, intensitylevel,

B Pfheb oo ¥ st BERR T bt ofRprption

featuedsswhith gy llowsTosahsfenaid raduly Seedrly, tHebargsw@Retion
intensity level is Imax (e.g., a maximumintensity

featueds mhay beeasier td wmanufpctugggp thameaskonyl mgdbe physically gore

! S Tenal o SO |
{ohbito i L ebie FREL Rith Falnfics toe Reiinc I profpmble
i freg%iﬂ% ﬁlgéﬁésg%giﬁga%s@mﬁ@ﬁem ar@ble td ¥ BfiticabiindBeion, ifich

( intensity levels, and different
lwsmotprevisuslydaenpessiblerny have different intensity

00611 220! el S0k A RTDE o390 SR 56 B o

With 9 iRem{ R efa, depch@B58h tHh@nkRdtdeeikce agedf eat ur es
may al so have either the same phase as the printing

[0062] f eat ulneme kxamplbgrogramafabiipatternin@ devists yh aderantly cgmbleon
featyres ma e described as. bei n egatiLve-gray. The
Smp i ies & BlFraty: 1o AR LD BieneRetvas, FUE Frpple, an

BB IR G L DG (R b Kbl ALY
Ilﬁ @ﬁtvlaﬂlve)seawdbﬁn@maltmﬂe difﬁeﬁ:n't ig_taﬂsi’up&ivds ecco'rdilﬁgtusai pagition
evel s, constraints on the dinensjons of the .
e aBo VI konF cSparing DeTRER Y BredthoNEabie Tibborhe
. _ . . : hd ‘ ot
dEhERE ARG bFRERE el dBt et iU AN End BRher

drdercdifrelcnid belds.r esi st, the correction features can be

made as | arge as printin]g features 1. Even if _ the
[0063] | nt erlnear sxannlppeegsanpablspatierning deyiges maebesed g mode

RS Pt GO AL OY: EE T AR e B

tRE bdahhing spdedalithBexapld, Stitht Huratidn Deiveh dementadiod” infan
t he devel oped i mage. | 0060] These scenarios di scussed

exiposwe ar is Aty ratigrletermagies amet @ipmsitulevelw r easons.
Firstly, the relaxation of.elimn ' € 1

10064] ¢opo g, S8l A nbotethichob 1, 085 gk Tpgtver
thickBess i @ FREGVeORadkanhybeearied o abhimRwhifféeht ififefsitydEvels.
flexibility in the design of correction

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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features, which can allows for a better end result.
Secondly, the larger correction features may be
easier to manufacture in the mask and nay be
physically nore robust. Thirdly, it can enable
correction features to bejgefined in a programmabl e
patterning nmeans having a resolution conparable to the

ritical di mensi.on. ich  has not . i ousl
Tl ofer SR fernel e Aoyl g onialst, £RGRes
BR286 bl @NedRAUMY £ SomPitePeoadghle RRFageWhédiumD A correction
internedi ate | evel, depending on the contrast device

lcesal, whicl :2ietermingd éo gonaraist approprisig spatishibeayciries for ngivien
it arte gt mRRar eoheiRandt APl e o sorpee
EXAHRD SwhiBA ma ”sfo?é/%ﬂﬁraqiiit)f S BFbreNkenRld BAdi FFMBafRYieE S

(sometimes referred to as a grating light valve) can
ahdfarwenditibns, pt the #emEkis generated bnari algoritbindbedelerouniag itlg

orohi barethion st oo BRoico e BT te0 FOP T 4% e
QRAIst dn@fbr Afturhid@tibd €6rEBIdns! | THR ket @EtHeA chiNuibl Svith

[
roth and higher order diffracted beans. [0063] In
devicegrienplsé in pmoljipliemsdtiod genpaate @ projastjonipaticrm svhielyis beed
sed in a d in which a swtching.speed gf the .
SEPPUTH a0 PR AR A0 P RO oA i orolpion
Pt 'i’rﬁ? BRE Ghtendity ToPUIS 15X VAR SecoRtling B8 sHHEREAIOR her
given efement 1s "on" In an ‘exposure or its duty
snadatlo calets rwhicie mag beedpproximarsd tay closelglas pp&ildd withm tee
exanpl e, an absorber thickness of. a nask of qr a_ .
AT AR AN AL A AR CE Mg g A e
@He‘?ﬂge& o define different intensity |evels.
enplary Processes to Deternine Correction Feature

[0067] Par anEiperest fRabin buguraesl frocebsaned %o detpimtine mpplopeiateof
generating a mask pattern, according to varipus
comiselinTEatusesole hehaoniicd de it SiveR ERESOPRICTh SgeOTRINg g e

e e e

I nations ther

dihReWsiomt] katheRMRé eehphic® oF generstedlind ©2adal e2brumdsequentially
appropriate correction features to be applied to a

apnyelitedevithedevirgtnatiem, in apddpliarngparpd sl Incpsserpmeple: thef

t he,. i t ; : , ch
RS S5 KERU O SRRl e dBHE RALLEIA Ut 0]
difdetibn Stouh@ 18Rs ieRRUBingevi e Y @atction- &iSHe QtRer- gehbrates

features in the Y direction around lines extending in the X direction. In one

example, if a pattern contains only lines extending in one direction, it is possible
to use only a single one-dimensional kernel.

[0068] In one example, the correction features may be inserted in a rules-based or
model-based procedure. In a rules based procedure, 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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shown). For exanple, the input device can be, but is
not limted to, a network interface or a reader for a
comput er -r eadabl e storage medi um A correction

kernel, which is determined to generate appropriate
spatial frequencies for ajgiven |I|ithographic
apparatus and/or illumnation conditions, is supplied

f t {
g ﬁi?% SRR R ool Pl s R BBl
Ifgrg Sp2intiff dddgekernel is generated by an al gorithm
or determ ning the appropriate correction kernel

[0069] accorEigmg slwwn ;aulﬂopfahmmtemcsng e amthg:l t accppling to one

?rﬁf?q%%n”t%sﬁvgnfr%ﬁ%s%ﬁ i B el ep Adgions dibfetor
HUdbi S@W@S‘? f%'ilﬂ&%fam%ﬂhﬁ%'lﬂt@nﬁ%l leféborrébtigah

IS us sure s) s4. In one exanple, the
features cdcicandifge at lti:ee mvlentmlh allpw offoe ani iberatiyeaepoachntoy the

SPRRUR EFOTECTgR RIS ISR LI PO Y R PR s OPC
f%E’tB eg Eéf?éd}?«%c@?dﬁ%so { es%s&?&sﬁréde%’en%ﬂeﬁ'pﬂodeﬁ&e These

con ther tion and nunber of "avai l

mmy l@mgaﬁs;aalle,a\ee,lhavmg inthenqdidi¢ mtdansidy ledels,ioc binagexs. a.n[nﬁﬁﬁﬂ]
gure 4 shovvs an autorr?t ed process used. to, det ermne

%m’%@ﬁﬁl(ﬁ’t eIn gispsd 4 HBNItgR Qi ARCPEsSHE USing| the dprejgetipn
f
PSs SR B A w13, Al a0 PonPRah TR0
@iige. dinnEtesisddabk deddridhsionrie martepb.s el vitetige rthe atseadt isn
s2a and s2b and seguentially _.convol uted w devj ce
sotistetpry. lhyepuin sicp 5] @aLexpasTe(aHs () pe liLfL féﬁwb
év)é%suré’ %09' {&%feﬁ@%sfﬁ%?%rg‘%&&egﬁg HE b@%&%m}e’sgﬁia‘&h usfid®

nera ures rection aroun

athe @tdb@ssl ﬁtmﬁe t0Yst@p KEZ td espedtntle sinulaidne coppmivont e
features in the Y direction around |ines extending in

dem.rmma@pné@mmremteéne exanple, if a pattern

cont aji ns on e 0

[0070] pOSSi 8¢ ¢ ]E}g’e SHﬁj i%ﬁ%ﬂdg elh{c?)l}}gla ?Hrdreéin {Hq}nl?lzeién
4cAR0&1 o Or 2 pRdeeAnRee nuiber dfRyElest i on feat ures maybe
inserted in a rul es-based or nodel -based procedure.

[0071] In a Inwm@smgmglep,rtbwhmt@entatemséégfth@ﬁu? dyees arayibsed

rule i i nserti of correction

I?Jgeg't%ﬂ?e spreg%f’ Q?‘B]I?téa 01? eélm@%tyontrgﬁu the form if a

[0072] ' ' ne ThSorleS&laidl, thb NAuIaNSe ahd FoRPhtismt Fcaillts SRt kel 8N
side of 'intensity | and having a wwidth Wat a

ccdtﬂcsliMa eoidedtionrkerted, Which is Apnhsddo thehpatieth prodnesdchy ises
one or,. nore fornmulae to determne the intensity

Rrswaylsollteratmn
[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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[0076]

[0077]

[0078]

[0079]

P-1958- 010 --17-- phase) of a correction feature to be
inserted at a given position as a function of the
proximty of printing features. [0069] Figure shows a
fl omchart depicting a nethod, according to one

enbodi ment of the present_jgnvention. In this

enbodi nent, additional degrees of freedom provided by

t.he p i Qiit f.intermedi ate intensity | evel .
e B e Aieerantie ek dbESaRG vioT HBhen B deprety
Igat@trmpﬁldith@ﬁﬁ,ﬁécy@ igpeoach to the generation of
correction features.” In step sl 1, an input device
pattern has OPC features applied, according to a

ul es- based ?r redet erm ned procedure. These nay be
%¥ Y| OmRutg SYSKIY i ng i ntermediate intensity |evels,
or binary as an initial approximation. In step sl12,
simul ati on of an exposure using the projection

pat t €Flre firacessasof the ipeention for genepating Proj edtion patkanhsa whether
I, e is _conpared to a.desjred i e. In step sl4, a
SRAIE P BN Pt B SECTE, DY HmnR ey e fY be
\?a&erff)%@ﬁogé ¥killkfl i §% ark T ShERIGLR ROx@HRARY 18eiled Md

are erformed. If the sinulated  exposure isS not
eeostden ad ssibtbls tampuey which sdyde astmdtdhencdegict enpart afs

are adjusted .and the process returns to step sl12 to
the geptol shders ofd |h§1qgmhlwmmss She nivererdeey b Ratedon

FERS BfiplieRRal Rt 4A00Imid A SUAIRMEd LV8 GHEHR
'S repea until a desTred quality of 1mage iIs
asihenedions nétevorlas. pr edet er m ned nunber of cycl es.
[0071] In various exanples, the adj u6st nent. step s15 of

tb he . p dliystrptes angyazaple compuensysienn 600y wydhieh the peger,
. ' ' 21, | .
18§§1ﬁérlggn ‘t% gnpgéla tgr% és%Bn@ﬁ%ertgﬁablé &)%Z ‘lfmll&sgﬂl%oduneents

on arison results ar
&rsté idventigipdie Weadribed i Gdrine Of itlds ekanipgle lcomphiet Bystetn 600.
Kgplied to the pattern produced by the previous

erraadingthi] drsqrytionn it ol besoafanparcphie 4 nergomkilled in the

AR R e Bonielpint FE R ion B oBlec b AR B 59,

ddﬁlﬁf@a@hﬁg&{l@& results of actual exposures may be
used in place of the simnulated exposures. [0075] The

basi cTher tamepitemsyfstsm 89 dnakides rge i aneiEr PIORRSSOrRsRICh fige

;I)rgcessgc!vrté?)g! ePrtngerssor 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. '

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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use is that its sinulated image is as cl ose as
possible to the desired pattern to be printed, i.e.,
deviation fromthe desired pattern is mnimzed.

Devi ati on maybe neasured in any conveni ent or

sui tabl e way, for exanplegy the sum over al

P-1958. 010 --18-- pixels of the difference between the

squares of the |ntenS|t|es of the, gfﬁsued attern and

reads B padpruTiferigRremoyablis siorage RivEas
E?e?no@ %tc‘crcf%ge 8{11: Bf? r%&}'\é?eﬁ&' fPﬂo;]g dﬂ@ ']ﬁﬁﬁfeh@ gape optical
proj ec ther e 'step of
diseresd. M‘lﬁ;h ispedd bﬁar&f Wetéeo bbyemmublﬁsmragﬂcbgneaﬁﬁ Mewdh
be w.itten by those skllleg i.n the art in an

may
by |apm¢1éteé=r ﬁﬁr@mﬁvwmsgﬁggyag@ 448, inclydes, a4 spmppter, Hiable

U|tabl devi ce
phes8 PleTuf HRAS Sorelt thdifha UBiholfer SRl MO ONR, O°
[0080] appar Eidﬁt%maﬁh@mﬁﬂ@ﬁérﬁﬁ@oﬂmc@ﬁlagﬂmmﬁyém nyirichidk ether

conput er -r eadabl e storage nedi a and transn1tteg Pvgr
simiilanmicans fovaHoninEeamBRE Diegrams reothergesirpptipnsdto bgloaded

JIIustrtes an a t [
Ug%rnsty te @féhgﬁélﬁm%mgéfﬁwﬁpé nfgxg%xgg%le e BV Ab1L

&emg@ fuﬁﬁ so2afdbh fi&ade 620a Emﬁpleeabmdh Mesahs mag:findhl[&e a

Invention are described in terns of this exanp

pogHm eartrsqmm @omidge atiedicer (@ #gthehfoyndda e@qlem ga@?ﬁ

arent,to e
iithha PRVl BTz P B, 3R BEOM, 6 PROMY®
Fs's@ﬁﬁte& QBB SAndSHtBESEmoRAle QorageOiiHdt 622 @dCTRtdrRCEsI6HS .
0078] The corrput er system 600 1 ncludes one or nore

phivbedlswrss fcwgmahd data tpbouanstareddom thereaewbls stgage Wik
eci al e or a general purpose digital
87 hashipise culis 605 i

‘he processor 604 is connected to a

[0081] COMMUAY, ?Ei)epéystérrr‘éao%ﬁw 468 M&ﬁd@@@mﬁﬁl@ﬁm@tmmtesfa@ 624s
or netwo Various software inplenentations are

desmninbtonsinteefaces24fllows ievacranddatp t@hﬁﬂﬁ@ﬁ@ﬂf‘»@mm

Af d hi
GRp B P11 ARG ISR 1Oy Rl B0 SRE PRy

}n?er agplégﬁnf-%y ih&Gad QYﬁd’&tefnoﬁ R R 1Rk (Q&Hméét #& Ethernet
an conmput er "architectures. [0079]
é:c&ﬂp dicemnamidadonsGRot, alPEMCH blotlas! cardrafen SefimmareandgiBta

f bl y
g‘r[u?sfgr;eacll via communications interface 624 are in the form of signals 628 which

may be electronic, electromagnetic, optical or other signals capable of being
received by communications interface 624. These signals 628 are provided to
communications interface 624 via a communications path 626. Communications
path 626 carries signals 628 and may be implemented using wire or cable, fiber
optics, a phone line, a cellular phone link, an radio frequency (RF) link and other
communications channels.

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

as main memory 608 and secondary memory 610, that can be memory
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[0083]

[0084)

random access nenory (RAM, and may al so i nclude a
secondary nmenory 610. The secondary nenory 610 may

i nclude, for exanple, a hard disk-drive 612 and/or a
renovabl e storage drive 614, representing a fl oppy
disk drive, a nagnetic tape drive, an optical disk
drive, etc. The renovabl e storage drive 614

A S R L e
a8 B8R tURE InefkGor froRARE 8ot ward td doRRRiYer G%S;E}éﬁ’l

maghetic Tape, optical disk, etc. which is read
&bl witten to by renovabl e storage drive 614. As will
be appreci ated, the renpoyahl e storage it. 618 .
i ncl UHEEIPHICE BRRFTIRS (%}%Oafﬂ\ﬁég COPBHEY &bl logich &t figged in

i 19, 2RHpRter PRIRamd MASHE
ﬁjtﬁﬁglﬁ%gﬁ) at@@@d@ﬁiﬁ&éﬁﬁ%ﬁ){%ﬁl gﬁ? sggoﬁgaefg mem)rygglo0
basectined videomnhmicatishsinteafaceréin SSukh computenpreograncypherer
progranms or other instructions to be | oaded .into

eepisdemakly dhesonpoter suiem S iodmplament ieprgent ipgtion as
Iﬁfé er#deherégggrm@gﬁr}%, Rt SE%#%,%&Q@’%V&H%X ted, enable

ace e€s o ans may I nclude a
HeQUoRRRe B0L té daslemsnt thaptocedgeof the erdsenténvesitioh, sash as
that found in videqg gane, devi ces(g, a r,eng\éabl_e mermJy
ePATFFiqUS Uk ANBST BMAreEprRgts Bt sysian) 0th ae depieled By Sigvges, an

PR s (RSB A B R itfint B G 00 oy Bled in
Figans e3. Aedordinply, bilkh cofpaicaplogratsatpgsenticrirollhg dydtems

comput er system 600. [00811 Conputer system 600 nay
of tho computeifestam@@RnYiipiedls Brentiondifpiaaensalpsing software,

(8 RaFE e 03 Lo b A oo LR Bkl
SothMUteradysaY 66 SsinEramblfte Slorazendivei (13} hawdsdrive 612 or

interface 624 may Include a nodem a network interface
¢oumhnigsations imeragerfdd. card), a communications port, a

PCMC J d . Sof
tr ansTRe et S8 HeReTe PR PR g prmpyer
bld@rakOp ot Rts) T ApAbg ¢ AP seled diBMy BEnRlt @Gk edium.

el ectromagnetic, optical or other signals capable of
[Sacingpfiware ovhepdx toytadonmgdreneri date prasessiizaisaice XAUSEF s e

ignals 628 are ovided to, coO ni_cations..interface
g3 PSS IEds isH(St IRPEBOn BRORORDR et R g e
PRLRI R8T hihPSorih A alsS:b826 rRAAbIBMERuh MRARABRS 6 in
using wre or ‘cabl'e, fiber o
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]

optics, a phone line, a cellular phone link, an radio
frequency (RF) |link and other conmunications
channels. [0082] hl this docunent, the terns "computer
program medi um and "conputer wusable mediun are used
to generally refer to nedipg..such as renovabl e storage
drive 614, a hard disk installed in hard disk drive
612, and signals 628. Conmputer program nedi um and
conmput er usabl e nedium can also refer to nenories,
Somdlusiers mai n menory 608 and secondary nmenory 610,

that can be nenory P-1958.010 --20-- sem conductors

(e 9 WA ATl OO AR SRR AN beckisclibed

SHoY, i0iHoa 1 indafstotl hat €y ik ed ey preashte®BPway 6083nple
Conputer prograns (also called conputer control 1o0gic)

e aod gplimitationadt wilhkaanpgregtie raronsskilledistaryelevantst y

10. Co ter preogra al e V. Y- -
BARvmRR B B RS Pl 00 B mat® e Y b
8 Mhe SHRAEMMEE0pE BADESnidNEoR.O TR, B BiksdtR Ah®Sdpt @f the
i npl enent the present invention as discussed herein.

pmsegaimv;emqnashpuldmet tedimpitaddyy apvo@tlha#bqvemﬁﬁiw@&@mﬂw
: 604 i
SRR J5 R R B0 b AE B bRoRL AR

Aa A8F eqalAsmEts in system 100, as depicted by
Figures, and operations discussed as exenpl ary

operations of system 100 above, as depicted in

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 | oaded into conmputer system 600
usi ng renovabl e storage drive 614, hard drive 612 or
conmuni cations interface 624. [0084] The invention is
al so directed to conputer products (also called
conputer program products) conprising software stored
on any conputer useable nmedium Such software, when
executed in one or nore data processing device, causes
the data processing device(s) to operation as

descri bed herein. Enbodinents of the invention enploy
any conputer useable or readable nedi um known now or
in
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the future. Exanples of conputer useabl e nedi uns
i ncl ude, but are not Ii,njjled to, primary storage
devices (e.g., any type of random access nenory),
secondary storage devices (e.g., hard drives, floppy
' | P di sks, tapes, nmagnetic storage

, st or age devi ces, MNEMS,
nanot echnol ogi cal storage device, etc.), and
conmuni-cat i & methedi afigenéreting 2 mask patean domprighgss
conmuni cations networks, |ocal area networks, w de
area networ gr,ec‘?l??f]gﬁﬁg‘t’@? patigrepresentingong gr igare features to
apiragépt ed that the enbodi ments described herein can
be " i npl enented using software, hardware, firmware, or
conbi nat i on®) tgkeeeratiig thePma 95 Patldn conpiising Ghe @ng Sdranore
[0085] Wil e various enbodi nents of the present
HROLRS O HE e eiemasen st inffRjR leveh agamel haclegound
Ry B R BnBL R AL Ral A i
tintepeitys tavsl, she lthisd intensithdeved | bmirgnbetavetn tliehfifst \ead i sectmd
changes irl.form and detail can be nade therein wthout
o‘é‘%& Y1918 r om the spirit and scope of the invention.
Thus, ar |- At L vent i
shoul 0" haroeH {ier ey o Sanblfins ERRL, SAKTYRY
ecogreptiar yernelnbodi nent s, but should be defined only in
accordance with the followng clains and their
equi val ents. P-1958.010 -a2- WHAT IS CLAIMED IS: 1. A
et 10 Of - 9 REFBL iy AcTRR AR p R | S1 n0: (3)
receiving a device pa fern repreéen‘i ng bne or nore
f eat ures t qa) Reeipingnridettice phjterg egréshfimOfehiteesN®BK printed;
pattern con@risi ng, the one or nore, features fromthe
devi ce pat t@) gensealing g mask pattarn pomppising devicsfatursyhivinga

| . «

ARG e AL AUBRERT el Bl RRRY R A e
| least bne ¢dreectitn fedturgiensy 4 thirt étedsith &dval theehin@itensiiglevel

first and second intensity |evels;
being between the first and second inténsity 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:




wherein step (b) conprises (bl) convoluting the device
pattern with a correction kernel. 2. A device

manuf acturi ng nmet hod, conprising: (a) receiving a
device pattern representing features to be printed;

(b) generating a mask pattgrn conprising device
features having a first Tfitensity | evel against a
background having a second intensity |evel and at

| east one db#)k exnvobiingethe Wewich pattery with hai sedoindh temeition

I ird intensity |level. being between the
(KR g ol et R KR b i Emeiiogil i effoonti S the
Ratre@idh Kegnar ray of individually controll able el enents
to spatially nodul ate a beam according to the mask
pattern; and (d) projecting the patterned beam

of radiati on, gnt,0 ,a target portio of a ,substrate;, .
wher ei 52 st é*})m(‘&odcagwpﬁg& Er(’b‘?‘)e 02 WPW?W%W@’ WesrsiRe
B¢ b&ierhtitl teBnPris&ahi@6id QRrdtBbN &lature: a[cg&‘alr[% hetkaQfone
claim 2, wherein the correction kernel Is t
diredstesingredituled. The nethod of claim 2, wherein the
correction kernel is one dinmensional and step (b)
further conprises: it --23-- (b2) convoluting the

devi c&, pat terRhMdtaBcRdE (O Ry GRIJTRE 0% - i
second correction ak%r ne bg{i&ng one &jlrnerq{si%(r)éri}%hs’aﬁlgﬁem
ctapH{bpomaprisess t he correction kernel. 5. A met hod
according to any one of the precedi ng c]aings, wherein
the gener atPg* WP@‘E&"‘PG"PE&%P@?WWFP g gHensity pfithes
ARG WathR Blord:8RA%Y 0P PhntidY RAGLSr M ned rule. 6. A
nmet hod according to any one of the preceding clains,
wherein step (b) conprises: inserting correction
featugps based .o correlatga? intensity of the
correction ACedmedq iRy pye ok the préceding claams, fhher

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:
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,




7. A nethod according to any one of the preceding
clains, further conprising: generating a data file
formatted to be used in control of a programmbl e
patterning array to inpart the nask pattern to a beam
8. A nethod according to agly one of the preceding
clains, further conprisiﬁgf'sinulating an aeri al

i mage that woul d be produced on projection of the
mask pattern in a |ithographic projection apparatus;

conparqisng t Inul ated aeri.al iage to.the device .
patte !rlrg) : ar{g %eﬁ%ogﬁ:" Pfc)()?rﬁbngt tﬁeelﬁﬁ% ﬁlaﬁggtc’é’r‘illa‘@og’t eip said
reeeghis fofesimaatin gl conifagifg hd thedifyiRs hfel RPeABRS K éa?éiet%[}ﬁd
nore closely resenblesS the device pattern. 9. A nethod
phlgmes any one of the preceding clains, further

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

pat t erm, wi tA nﬁetmrdc@&ﬁir%'}?_ g gﬁé 2\% ClaffNE iR € wﬁd&eﬁn sqid

modi fi ed mask pattern. met hod according t
stepRef siondatings comparing amd Inodifyergeira rqmaed sindbs restlt of the

simulatin conpatr,i and nodi fying are repeated a
ﬁPg@@%}ﬁ%‘?&i’v gﬁﬁﬁ%ﬁn‘&f}g@ﬁg@{dyll A net hod accordi ng
to any one of clains 8 to 10, wherein said steps of
simul ati ng, conparing and nodi fying are repeated until

a resul2t ofA téreputeprpgramrgmipsisinglpoogram podctataes tanedhen
threshpld. 12. A conputer program conpri sing program
SEERSHEI A copNer sYHER InSEREB A CYETB 1P ETY B SebSpsarde
it9 ahy H6d SF AaifiéaigMt 0 carry out the steps according

to any one of clainms 1 to 11. 13. A conputer readable

storage nedi um havi ng recorded thereon program code
nmeans téhat when exec t@d on a copputer system
J alles

instrdéts 4 CQVQPEH foraggUReH R @g@geggéa terrgn
to a”gtreﬁﬁm%dsinemh&, Wienlekecutddion £cdrhbIAL, R ifistructs

appar at us, conpri si ng:
a system to carry out the steps according to any one of claims 1 to 11.

14. A lithographic apparatus, comprising:
an illumination system that supplies a beam of radiation;
a patterning array of individually controllable elements that
spatially modulate the beam,;
a projection system that projects the patterned beam onto a target
portion of a substrate; and
a 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.




an illum nation systemthat supplies a beam of
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Grayscale Optical Proximty Correction device features
are added to a nask pattern by convoluting the device
features with a two-di nensional correction kernel or
two one-di mensi onal correction kernels to generate
grayscale OPC features. %lie resulting pattern nmay be
used in a projection |ithography apparatus having a
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the desired patterny ﬁ ing the OPC features

may be used to gener imum pattern for
projection Figure 2 P-1958.010

ABSTRACT OF THE DISCLOSURE

Grayscale Optical Proximity Correction device features are added to a
mask pattern by convoluting the device features with a two-dimensional
correction kernel or two one-dimensional correction kernels to generate grayscale
OPC features. The resulting pattern may be used in a projection lithography
apparatus having a programmable patterning means that is adapted to generate
three or more intensity levels. An iterative process of simulating an aerial image
that would be produced by the pattern, comparing the simulation to the desired
pattern, and adjusting the OPC features may be used to generate an optimum

pattern for projection

Figure 2

P-1958.010




