1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR PERFORM NG DOUBLE EXPOSURE
LI THOGRAPHY TECHNI CAL FI ELD [01] The technical field of the present
invention relates generally to a nmethod, program product and apparatus for
perform ng a doubl e exposure |ithography, which utilizes a tri-tone mask
and which provides for inproved scatter bar trinm ng. BACKGROUND OF THE

| NVENTI ON [ 02] Lithographi c apparatus can be used, for exanple, in the
manuf acture of integrated circuits (1Cs). In such a case, the mask may
contain a circuit pattern corresponding to an individual |ayer of the IC
and this pattern can be imaged onto a tdrget portion (e.g., conprising one
or nore dies) on a substrate (silicon wafer) that has been coated with a

| ayer of raAMETBORAROGRAMHBRQ@PULIT ANBABPARATUSEQR BERFORMMGe waf er
will contain a whole netWOKWBHE EXPOSURE LEFJOGRAPHYoNs that are
successively irradiated via the projection system one at a tine. In one
type of |ithographic projection apparatus, each target portion is

irradi ated by exposing the entire mask pattern onto the target portion in
one go; such an apparatus is commonly referred to as a wafer stepper. In an
al ternati vepSliIRGEALUSIEIGPMMONl Y referred to as a step-and-scan apparatus,
each targ@[‘m‘#'ﬁh_r'&l’radi ated by progressively scanning the mask
pattern u r i i Ln. ! f i i e
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c mask and which provides for improved scatter bar trimming.

BACKGROUND OF THE INVENTION

[02] Lithographic apparatus can be used, for example, in the manufacture of integrated
circuits (ICs). In such a case, the mask may contain a circuit pattern corresponding to an
individual layer of the IC, and this pattern can be imaged onto a target portion (e.g.,
comprising one or more digs) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a single wafer will contain a whole
network of adjacent target portions that are successively irradiated via the projection system,
C- one at a time. In one type of lithographic projection apparatus, each target portion is
irradiated by exposing the entire mask pattern onto the target portion in one go; such an
apparatus is commonly referred to as a wafer stepper. In an alternative apparatus, commonly
referred to as a step-and-scan apparatus, each target portion is irradiated by progressively
scanning the mask pattern under the projection beam in a given reference direction (the
"scanning" direction) while synchronously scanning the substrate table parallel or

anti-parallel to this direction. Since, in general, the projection system will have a



magni fication factor M (generally < 1), the speed V at which the substrate
table is scanned w1l be a factor Mtines that at which the nask table is
scanned. More information with regard to |ithographic devices as descri bed
herein can be gl eaned, for exanple, fromUS 6,046,792, incorporated herein
by reference. [03] In a manufacturing process using a |ithographic
projection apparatus, a nmask pattern is imaged onto a substrate that is at
| east partially covered by a | ayer of radiation-sensitive nmaterial
(resist). Prior to this imging step, the substrate may undergo vari ous
procedures, such as primng, resist coéting and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a
post - expoguagaifisaten farEBM (gdesrallyop ik the, speedné riwhigh the suhgirate table is scanned
measur enent /i nspection of the inmaged features. This array of procedures is
used as a willdsiadadtar Maintesnimt ahwhich thel rlask tabllaig e cannéd. aMdesvinfematorgwith an | C.
Such a patterned |l ayer may then wundergo vari ous processes such as etching,

i on-i npl artg@kd tbmtﬁdtif?@lﬁtgdewdwhﬁdiésbﬂlﬁidllﬁfhn cabeGidahed) ,fomeﬂiPrenﬁsmm cal
polishing, etc intended to finish off an individual ayer. If several

llayers arg d@0qub! dp@ﬁ%ﬁ}kﬂﬁlﬁﬁ@hmeEPCEdure’ or a variant thereof, wll

have to be’ repeate each | ayer. Eventually an array of devices
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fron1one que suc
i ndi vi dual deV| es can be mpunted on a.carrier, connect d 1Q pins,, etc.
[04] For tHEMgakENgE Sgbﬁ?ﬁrqng?ttl@aﬂfﬁépwﬁfef@tvr%raﬂ by § LR P AU SREME o1 be
referred to as the "lens;" however, this termshould be broadly interpreted
nconpaBaeriay (fesist)-ob@orty this inpagingites, theshbsvatoyaaaingdergorvarion precedaresact i ve
oazfcs reflective optics, and catadioptric systens, for exanple. The
radi ati on ssglsasgmiming, redist coatinglande solb hphen eXftes cxpenmt thegubsteterdaytg t 0 any of
t hese design types for directing, shaping or controlling the projection beam
of radi at isabjectadith @her procedures, such as a post-exposure bake (PEB), development, a hard bake
and measurement/inspection of the imaged features. This array of procedures is used as a
basis to pattern an individual layer of a device, e.g., an IC. Such a patterned layer may then
undergo various processes such as etching, ion-implantation (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish off an individual layer. If
several layers are required, then the whole procedure, or a variant thereof, will have to be
repeated for each new layer. Eventually, an array of devices will be present on the substrate
C (wafer). These devices are then separated from one another by a technique such as dicing or
sawing, whence the individual devices can be mounted on a carrier, connected to pins, etc.
[04] For the sake of simplicity, the projection system may hereinafter be referred to as the
"lens;" however, this term should be broadly interpreted as encompassing various types of
projection systems, including refractive optics, reflective optics, and catadioptric systems, for

example. The radiation system may also include components operating according to any of

these design types for directing, shaping or controlling the projection beam of radiation, and



such components may al so be referred to below, collectively or singularly,
as a "lens." Further, the lithographic apparatus may be of a type having
two or nore substrate tables (and/or two or nore mask tables). In such

"mul tiple stage" devices the additional tables nay be used in parallel, or
preparatory steps nmay be carried out on one or nore tables while one or
nore ot her tables are being used for exposures. Twin stage |ithographic
apparatus are described, for exanple, in US 5,969, 441, incorporated herein
by reference. [051 The photolithographic masks referred to above conprise
geonetric patterns corresponding to the circuit conponents to be integrated
onto a silicon wafer. The patterns wused to create such nasks are generated
utilizi ng s@ADqnemmpnts eay alsd bd refesedo)belomo goliaetiyely phsisgytarhc ess “lefis’en bei ng
referred to as EDA (el ectronic design automation). Mdst CAD prograns follow
a set of [etlet tertithethpi&sipphratus ngss beof atype hatifg eweai Bofelsnbitiattablesrasks.
These rules are set by processing and design limtations. For exanple,

desi gn rul@sd/stalion? mordMasiO@bies)! Oh QIR ERItHRS WBRN deVib&Uhé adiBNoatabls HRD as
gates, capacitors, etc.) or interconnect lines, so as to ensure that the

circuit dg)éil&&?in SfalélieF?ﬁ?%g?r?%bsgt%gﬁ%i%ﬁep f/’g?&} Y Hdre itd%le@,’,%vhil‘é%ﬂgsi rabl e

way. The design eferred to as "critica
dinension%; C:éC&Qfmﬁkcn%%i&al gfqug%qﬂegf a cgrgﬂ't cagibe dq&ined as the
smal | est WiFQHE GFeaplesare fping ype! fOnpXRofEey by ing SB§§8P StRBEA WS 1 nes or
two holes. Thuys, the CD determ nes the overal| size and density of the
desi gned &eF%ﬁ’F@’.fo{ vemprls 1ty rss(’é?"%ﬁvén‘éﬂ‘pqrhtéd gersindy; rﬁgfer’i‘tc%gr ated circuit
fabrication is to faiphfullé reproduce the original circuit design on the
r (vi d0ghe Thapkytolithogranhic arasks rgfrred inahes epiBpiite gepraetric AYRINS pat t er ns

b me increasingly smaller, it is becomng increasingly harder to reproduce
t he t ar getcopaspoeding twthe tireuitvagronents Wweheantegtatedroatoaa gliéomowafet. elferpatieras t hat
allow for a 4

used to create such masks are generated utilizing CAD (computer-aided design) programs,

this process often being referred to as EDA (electronic design automation). Most CAD

programs follow a set of predetermined design rules in order to create functional masks.

These rules are set by processing and design limitations. For example, design rules define

the space tolerance between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, so as to ensure that the circuit devices or lines do not interact with one another in an

undesirable way. The design rule limitations are typically referred to as "critical dimensions"

C (CD). A critical dimension of a circuit can be defined as the smallest width of a line or hole

or the smallest space between two lines or two holes. Thus, the CD determines the overall

size and density of the designed circuit.

[06] Of course, one of the goals in integrated circuit fabrication is to faithfully reproduce

the original circuit design on the wafer (via the mask). As the critical dimensions of the

target patterns become increasingly smaller, it is becoming increasingly harder to reproduce

the target patterns on the wafer. However, there are known techniques that allow for a



reduction in the mninmum CD that can be imaged or reproduced in a wafer. One
such technique is the doubl e exposure techni que wherein features in the
target pattern are imaged in two separate exposures. [07] For exanple, one
commonl y known doubl e exposure technique is dipole illumnation. |In this
techni que, during a first exposure the vertical edges of the target pattern
(i.e., features) are illumnated and then during a second exposure the
hori zontal edges of the target pattern are illum nated. As noted, by
utilizing two exposures, inproved inagiqg performance may be obtained. [08]
In addition, the use of scattering bars ™SB" (or assist features "AF") has
become indisgensable_as chip manufacturers nove tq nore aggressive design
rul es and TediREen ja the f%l&’é%‘FnsCB {h3s cynbrimaged orrrogdnced fin & yrafess %l“ﬁ 8B can be
estimated using the following equation, where ksB is a scaling constant to
i ndi cat e reshnjgue ktthddoubleexposura kechriged wherein f¢atures inghe targat paftpen e imhgedSB
scaling factor ksBis 0.2 - 0.25): [09] d = ksB (7/NA), [10] where Ais the
wavel engt hin 6fo tdperaexgpssutes. t ool , and NA is the numerical aperture of Cthe
exposure tool. [11] In order to maintain k, above 0.35, manufacturers tend
to use a HogheroNekafipig SHE CombBlly kndWrh BodUl‘@exngﬁE\Eecﬂrﬁiqﬁé%ﬁ;ﬁil@iﬂluhﬁﬁaﬁ@ﬁlr aphy,
the NA value can be nade greater than 1. Under such hyper NA conditions, SB
scal abilit 3| i iag; bdd j i pl ots
Tho ol ouebi'ee S AR A MsPpoRRE FFVSHICR Rk ST kT ik (g feeyr®)
secondary axis IS .th factor. i.ndi cat Ei I i
manuf act u rager lél%lrr%r%edt a%d I§lilecglv(vgl ?ﬁlg i S%C?)%% S’é&sgﬁ,tﬁﬁog&% ag\?d&eﬁo%tggt gge;( Bgtgef-% o scale
down accordiqﬂhg i% or der i.d 5

nated.

avol. . . .
aret As notedt, 8y utilizing two exposures, improved imaging performance may

be obtained.

[08] In addition, the use of scattering bars “SB” (or assist features “AF”) has become

indispensable as chip manufacturers move to more aggressive design rules and lower k;

factors in production. The width “d” of the SB can be estimated using the following

equation, where kgp is a scaling constant to indicate non-printability or sub-resolution (a

typical range of the SB scaling factor kgp is 0.2 — 0.25):

[09] d = ksg (WNA),

[10] where A is the wavelength of the exposure tool, and NA is the numerical aperture of
C the exposure tool.

[11]  In order to maintain k; above 0.35, manufacturers tend to use a higher NA exposure

tool. With the advent of immersion lithography, the NA value can be made greater than 1.

Under such hyper NA conditions, SB scalability and printability are becoming a critical

issue. Fig. la plots the allowable SB width versus the half pitch minimum design rule. The

secondary axis is the k; factor. As indicated by Fig. 1a, as device manufacturers move to

lower k; production, the SB width needs to also scale down accordingly in order to avoid



unwanted printing of the SBs. This presents a problemin that at sone point
the required wdth of the SB to avoid printing will be smaller than the

m ni nrum manuf acturable width (i.e., the required SBwill be too small to
manuf acture). [12] Moreover, as the SB width on reticles becones snaller

t han t he exposure wavel ength, Kk, the Kirchoff scalar theory is no |onger
valid. Fig. Ibillustrates a conparison of a sinulated aerial inmage of an
isolated Iine using 0.85 NA and QUASAR il lum nation. The C SB width on 4X
reticle is 60nmon a BIM(i.e., bright intensity binary mask). Referring to
Fig. |b, conparing the aerial inmage for %igorous EMF (NA85QS9363ri g) versus
scal ar (NA85(Q89363scl), the EMF aerial image indicates that the SBis
actual |y dmweeied priniing ¢fahe S8 Bhis presayés aprebicwtia that Fromeqoi st requitedt  SBs
have nore optical weight and are therefore nore readily/easily printable on
waf ers. Acudthdifitigd §B td dveideprirging wiB dd sialier shaprtbe mérsmuin méinufatidatds sadtht he SB
scalability and printability and prevents the printing of SBs. SUWARY OF
THE | NVENTI.ENhIE tdirtdiSBivdWbe tod dheallf to me@efab@re)i t 1S an object of the present
invention to provide a double Or exposure |ithography nethod which trins

(i.e., renpyesMBNRAEMheSEB Wedh dH ediclds BRINME spHS thAL Be eiﬁlﬁﬁre'v@avél‘éhétﬂbl e
for use, for exanple, when printing 65nm or 45nm node devices or |ess. [14]

In summary, t}maro%g%agar thé(]@\tg&tdoqen e?b e b % &99 g&ggﬁgasr ghi ng

conpl enentary  nms ase pat ern aV| ures to be i mged
on a substrate for.use in_a t e- ex process.
The et nod THEFUAEE Fidane? dlﬁww@?ﬁfﬁ afl%b?ff%’ﬁﬁﬂhma%%r A2ebondi ng
to the tar e att (@gflnlng an_initi correspaonding to the
tagget pat Kt BEUABORAGHM i €0 rlghtda‘ienwahlwwaﬁk% ReETIGHRS k

Fig. 1b, comparing the aerial image for rigorous EMF (NA85QS9363rig) versus scalar
(NA85QS9363scl), the EMF aerial image indicates that the SB is actually darker than the
scalar image predicted. This suggests that SBs have more optical weight and are therefore
more readily/easily printable on wafers. Accordingly, there is a need for a process which

addresses the SB scalability and printability and prevents the printing of SBs.

SUMMARY OF THE INVENTION

[13] Inview of the foregoing, it is an object of the present invention to provide a double
C exposure lithography method which trims (i.e., removes) unwanted SB residues from the

substrate, that is suitable for use, for example, when printing 65nm or 45nm node devices or

less.

[14] In summary, the present invention relates to a method of generating complementary

masks based on a target pattern having features to be imaged on a substrate for use in a

multiple-exposure lithographic imaging process. The method includes the steps of: defining

an initial H-mask corresponding to the target pattern; defining an initial V-mask



having a width which is |l ess than a predetermined critical w dth;
identifying vertical critical features in the V-mask having a width which
is less than a predeterm ned critical width; assigning a first phase shift
and a first percentage transm ssion to the horizontal critical features,
which are to be fornmed in the H mask; and assigning a second phase shift and
a second percentage transm ssion to the vertical critical features, which
are to be formed in the C V-mask. The nethod further includes the step of
assigning chrone to all non-critical features in the Hnmsk and the V-nask
The non-critical features are those features having a wdth which is

greater than or equal to the predeternmned critical wdth. The_ non-critical
feat ures #PECPORERE M the farget pairaaddentidying borizopgb kritipa] fepturesdn thertbmask The

target pattern is then inmaged on the substrate by inmaging both the H mask
and V- maskavipg g]widthevipeleis dess thanagmedetenmimed viided widthodertifying dottinglagitisal over

the prior art. For exanple, the present invention provides the ability to
utilize | deqgereShsthelWemiagk Hahiagruvwideénl which B1igss thanfa pr&Bserineet cridsaltidthf r om t he
process of the present invention. Specifically, in the given process, both

t he H maslasa@piing HersVphas khiGQnl aifitstpeicenthfe R8RS téthd hoBSonthlUtititdley are in
different C corresponding orientations, and therefore, there is a nutual SB

trimming frofn LheHitHBRS b BB mMt ABRRKHAHIK NEhdlREeliNg 2 S30BAE PHAS shifklli a
Addi ti onal advantages of the present i1nvention"wTl| becone apparent to those

erbodt ment e B PeREM e Sk 2o bRl Bl e LRl AT Qlor BEEIRRE LY oy
i EZE‘S& o e T RRethga ket Eete e PhESEROERERoN Al PRARY G her C 7
features in the H-mask and the V-mask. The non-critical features are those features having a
width which is greater than or equal to the predetermined critical width. The non-critical
features are formed in the H-mask and the V-mask utilizing chrome. The target pattern is
then imaged on the substrate by imaging both the H-mask and V-mask.
[15] The present invention provides important advantages over the prior art. For example,
the present invention provides the ability to utilize large SBs due to the mutual trimming of
SBs that results from the process of the present invention. Specifically, in the given process,
both the H-mask and the V-mask contain circuit features and SBs, but they are in different
C corresponding orientations, and therefore, there is a mutual SB trimming for the H-mask and
V-mask during the two exposures.
[16] Additional advantages of the present invention will become apparent to those skilled
in the art from the following detailed description of exemplary embodiments of the present
invention.

[17]  Although specific reference may be made in this text to the use of the invention in the

manufacture of ICs, it should be explicitly understood that the invention has many other



possi bl e applications. For exanple, it may be enployed in the manufacture of
integrated optical systens, guidance and detection patterns for magnetic

dormain nmenories, liquid-crystal display panels, thin-fil mmagnetic heads,
etc. The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the ternms "reticle", "wafer"” or "die"
inthis text should be considered as being replaced by the nore general
terms "mask", "substrate" and "target portion", respectively. [18] The

invention itself, together with further objects and advant ages, can be
better understood by reference to the f%llomﬁng detail ed description and

t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS [19] Fig. 1 a
i |1 ust r at @9sablppeplicafionshorsxpplghit magbe gmaloped/drtbgmanyfactiyeg of igegretid ni ni num

design rule. [20] Fig. Ib illustrates a conparison of a sinulated aeri al
i mge of amptical oysines ghidamreanil defect®ngBttétas fomana@uAsARmMaiN meinpees, on. C [ 21]
Fig. 2 is an exenplary flowhart illustrating the DEL/DDL | ayout

deconposi tliqaid-crp@ildighla3fpahéls, thinefifithagnesiehdadg kic. [TRE bkiffedartisadawiBdippletiatet r at e
an exanple of the deconposition of the target pattern (see, Fig. 3a) into
an V-1 ayoufat(ia@es cdntedtt ofith _@Mn@eiv!é"abﬁ‘%@ﬁ&nsg&%se BF the téiens "tlicREONWHRNGE W th
the method of the present invention and the resulting aerial image (see,
P10 30). fichin Infs3bxishOifia b Rodtfickdd diSBleniRBUbY thel Mo B8R tEindsCnraliet heT

i mprove i nmagi ng per?ornance %y hakNEl g I1lTum nation~polarization in

contbi nat i o, L | 0P RLTERR.S ShelBfddl, 1 0 the Tlow chart

C [18] The invention itself, together with further objects and advantages, can be better

understood by reference to the following detailed description and the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[19] Fig. 1aillustrates a plot of the allowable SB width versus the half pitch minimum
design rule.
[20] Fig. 1b illustrates a comparison of a simulated aerial image of an isolated line using
0.85 NA and QUASAR illumination.

C [21] Fig. 2 is an exemplary flowchart illustrating the DEL/DDL layout decomposition
method of the present invention.
[22] Figs. 3a-3d illustrate an example of the decomposition of the target pattern (see, Fig.
3a) into an V-layout (see, Fig. 3b) and a H-layout (see, Fig. 3c) in accordance with the

method of the present invention and the resulting aerial image (see, Fig. 3d).



of Fig. 2. [24] Figs. 5a-5c illustrate a sinulation conparison of the
performance of doubl e exposure technique of the present invention for
imaging an isolated 45nmline with varying SB wdth. [25] Figs. 6a and 6b
illustrate a conpari son between a single exposure process versus the double
exposure process for 45 nmdense and isolated lines. [26] Figs. 7a and 7b
illustrate the use of the DDL/DET technique of the present invention wth
main feature trimring on the active layer of a DRAMcell. [27] Figs. 8a and
Sc illustrate an exanple of resulting resist contours formed using the
doubl e exposure techni que, while Figs. $ and 8d illustrate the resist
contours fornmed using a single exposure technique with an optim zed

i 11 um nat ¢23] FiFigs. ¥edd illusisate bave d is pessidlerto fiarther impreveimsaginganerforymancedy ng 0. 85
NA dry without polarization on a cut line across the active area CD. [28]

Fi g. 9 i s uilibing dlluntihagmavldrization inlcusbimati@swith derppodess ses fathamtvehilon clean be
utilized to C execute the nethod of the present invention and generate
files reprggggnping the Hand V nmasks. [29] Fig. 10 schenmatically depicts an
exenplary |ithographic projection apparatus suitable for use with nasks
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THE | NVE As expl al ned in nore detai ow, the doubl e exposure
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multiple tri- en m na provi

poci 11 calley] . Ol R P YRST e TR GPPPEPRSRIORTHENE of ¢ he
Pr éent double exposure process for 45 nm dense and isolated lines.
[26] Figs. 7a and 7b illustrate the use of the DDL/DET technique of the present invention
with main feature trimming on the active layer of a DRAM cell.
[27] Figs. 8a and 8c illustrate an example of resulting resist contours formed using the
double exposure technique, while Figs. 8b and 8d illustrate the resist contours formed using a
single exposure technique with an optimized illuminator. Fig. 8e illustrates the simulated
process latitude using 0.85 NA dry without polarization on a cut line across the active area
CD.
[28] Fig. 91is a block diagram that illustrates a computer system which can be utilized to
C execute the method of the present invention and generate files representing the H and V
masks.

[29] Fig. 10 schematically depicts an exemplary lithographic projection apparatus suitable

for use with masks designed with the aid of the disclosed concepts.



invention. Referring to Fig. 2, the first step (Step 20) in the process is
to identify and read in C the target pattern which is to be inaged on the
substrate (or wafer, etc.). The target pattern can be represented in, for
exanple, GDSI| design data or any other suitable data format. The next step
(Step 22) is to convert the target pattern into horizontal (H) and vertical
(V) layouts, and identify critical geonetries (Step 24) in both the

hori zontal and vertical layouts. It is noted that when separating the
target design into H and V layouts, initially the layouts are identical and
correspond to the target pattern. Howevé’r as explained in further detail

bel ow, the H-Ia out (aI SO referred to as the Hmask) is nodified in

accor danc X ALF. EION QF VENTIONctions to print the horizontal
edges of the target pattern and the V-layout (also referred to as the
V-mask) is nodified in accordance with the present invention and functions
to print 3@ vdstekplaineédymereafetdiliteldvaitigedoupktexposure fe@Rliquerafthecmbsegeonet ri es
are those features having a width dinension | ess than sone predefined
amount , Whinehticiadeco@ipoas @igthipechdiymt i maaple ietorRasals, whiéhehdnfgniatedy St em
being utilized and tﬁe CD tol erance of the target pattern. A geonetries

oper ati on gr&idH fob lrﬁ;?r@vedts‘éa@é?%‘&ﬂ fri¥nrhiR @ hid rb%dtlﬁhﬁ%lh'g E&?MHEE V-nmask whi ch

are snmaller than a speC| fied/ predeterm ned val ue critical. The
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V\m in the given invention_ is referred to as the critical val ue.
d, thitke @raet padigrn Whichiés ey magey opthaRubtERies Waler, ¢if-o c BRstagst mélrern as for

drfferent technol ogy nodes. [33] It is noted that Step 24 can be
acconpl i sivenbetepregended imefor gkample.feD b dedigrodataer anlyothep guitable data format. The

next step (Step 22) is to convert the target pattern into horizontal (H) and vertical (V) layouts,
and identify critical geometries (Step 24) in both the horizontal and vertical layouts. It is
noted that when separating the target design into H and V layouts, initially the layouts are
identical and correspond to the target pattern. However, as explained in further detail below,
the H-layout (also referred to as the H-mask) is modified in accordance with the present
invention and functions to print the horizontal edges of the target pattern, and the V-layout
(also referred to as the V-mask) is modified in accordance with the present invention and
functions to print the vertical edges of the target pattern.

[32] Critical geometries are those features having a width dimension less than some
predefined amount, which can be determined by the designer based on the imaging system
being utilized and the CD tolerance of the target pattern. A geometries operation is utilized
to specify features in the H-mask and V-mask which are smaller than a

specified/predetermined value to be critical. The critical value is set as a variable which can



nodel of the imaging systemto be utilized to inmage the target pattern. By
utilizing such nodels, it is possible to sinmulate how a given feature of
the target pattern will be inaged on the substrate, and then based on the
results of the sinmulation, determne the CDs of the features and which
features would qualify as critical features. The use of such nodels is well
known in the art, and will not be discussed in further detail herein. It is
further noted that the aerial inage nodel or calibrated nodel can al so be
utilized to convert the target pattern into horizontal and verti cal

| ayouts. This can be acconplished by spttifying he treatnent edge in the

| ow contrast direction with respect to the illum nation dipole X or dipole
Y. [34] Oheehanged dependiogbn geclreipn pebtechmelagienide being utitizdiotlh otheewbkdsafpout and
the V-layout, the C next step (Step 26) is to assign the desired

transm ssia@iveh @r@@ess dAoéchasisgy ;:8dO(R)g. AFempHeEsomeemere difitlltdepiopesy) to each
of the critical features in both the H1layout and the V-layout utilizing,

for exanpligageat ek O gRRAIA EMbAdio BRISY h@értalﬁ alhe wiatER tﬁé@weﬁ lfaeerﬁiahl mal

transnlsS|on percentage can be determned utilizing, for exanple,
transnlss R th %@%ﬁi . disgl [ 1 If Hl 981, 762
filed on %er % é %Ech ;sss t&?ﬁ@%r 1c915§)a (3@%5*9&% 3 seS%%| rety. O
cour se, i s al so,accep S select t he deS|red transm ssion to
be ut|I|z@&me?déﬁwg§sé@@ﬁéﬂ?yﬁggm‘&%?FédT%o degrees is identified as the 11
desired phase shift plied to the critical features, it is also possible to
utilize ot &é@?@@@ R@? Step R4 san bgAceemplighed peipganacxial image mpdpkqrsal ﬂgrhta@ d not
be deened as Ilnlted to utilizing a 180 degree phase-shift. [35] is
d t hatmadekofitheimagingsiygeman be pilizsd tairagg thedanget paerne Mt utdmngfseeh ur es

d ines how the critical features will be fornmed in the respective masks
utili zi ngmddels, ieisqpdible té simulaplovopgivan &atirt efthataegkt phtese wshbé imapgd omt er i al
or a chronel ess nmesa structure. Itisfurther

the substrate, and then based on the results of the simulation, determine the CDs of the

features and which features would qualify as critical features. The use of such models is well

known in the art, and will not be discussed in further detail herein. It is further noted that the

aerial image model or calibrated model can also be utilized to convert the target pattern into

horizontal and vertical layouts. This can be accomplished by specifying he treatment edge in

the low contrast direction with respect to the illumination dipole X or dipole Y.

[34] Once the critical geometries are identified in both the H-layout and the V-layout, the

C next step (Step 26) is to assign the desired transmission (e.g., 6% transmission) and phase

(e.g., 180 degrees) to each of the critical features in both the H-layout and the V-layout

utilizing, for example, attenuated phase-shift material. It is noted that the optimal

transmission percentage can be determined utilizing, for example, a transmission tuning

technique disclosed in USP Application No. 10/981,762 filed on November 5, 2004, which is

incorporated herein in its entirety. Of course, it is also acceptable to simply select the desired

transmission to be utilized, such as 6%. Further, while 180 degrees is identified as the



noted that in the given enbodi nent, the sane transm ssion and phase are
applied to all of the critical features to mnimze the conplexity of the
mask maki ng process. However, it is also possible to assign different
transm ssi ons and phases to the critical features when doing so would
result in inproved imaging performance. It is noted that the optinum
transm ssion is NA and pitch dependent. [36] Wth regard to the
non-critical features in both the H1layout and Wayout (i.e., those features
having a width which is greater than the width defining the critica
geonetries), these features can be inagéd utilizing chrone. O course, if
desirable faor any reason, such non-critical features coul.d al so be |naged
uti|i zi ng deHEsdPhRse shHbanplisd o the ﬁ’@“‘f?éf"é?"ir% it iy 3l§q pasgiblecto ﬂ‘Bl"F‘iﬁth‘?rtdﬁ%reﬁsrq tical
features. Ip&137] The next step (Step 28) is to apply tentative chrome shields
to the vemhpseshifbensdberefore the invantien shouldnetibe deented ah bimited ta wtilizénrpe80 n t he
Wayout. The chronme shields can be applied wutilizing, for exanple, any of

t he nuner alagrek plose-sIRC nodel s or optical nodels. Once the tentative chrone
shields are applied, the next step (Step 30) is to apply tentative SBs to
each of t[B§ Hidiayewed tanthe\Mayshission nd fHasdhshigh@lib,thd &raricoBRatrsslddfils hplvaced
horizontally 12 extending parallel with the horizontal edges to be imaged,

and in tthé/critﬁXPHéEture"s g11 BBForme@ fﬁe?@s wu%ﬁﬁsk’seiftifhlzﬁ@' fo¥ e8I paral | el
with the vertical edges to be inmged F is noted that one of the

advant agesdgﬁl%gggtg Q{g&%ﬁé’%ﬂ?smﬁlf{? ﬁ%ﬂ?l'ogé%ﬂ{ hr%'ﬁ:s's theb rucﬁ:ti’ L] it fffetit 111 ze

| ar ge SBs tot tr| ng o resu on1t e process of
t he present 0 Spe in.the |ven pr.ocess mask
and Che VoS L B R e e PR rionh e sl o RS ol % TS B er en
coeresponding orientations, and c therefore, there is a mutual SB trinm ng
for the I—I—Cﬁ’ﬂgﬂ %ﬁﬁ‘gevoﬁﬁ@mﬁﬁf eﬁ:@mph: the mask making process. However, it is also

possible to assign different transmissions and phases to the critical features when doing so
would result in improved imaging performance. It is noted that the optimum transmission is
NA and pitch dependent.
[36] With regard to the non-critical features in both the H-layout and V-layout (i.e., those
features having a width which is greater than the width defining the critical geometries),
these features can be imaged utilizing chrome. Of course, if desirable for any reason, such
non-critical features could also be imaged utilizing the same phase shifting material utilized
C to form the critical features.
[37] The next step (Step 28) is to apply tentative chrome shields to the vertical edges in the
H-layout and to the horizontal edges in the V-layout. The chrome shields can be applied
utilizing, for example, any of the numerous known OPC models or optical models. Once the
tentative chrome shields are applied, the next step (Step 30) is to apply tentative SBs to each

of the H-layout and V-layout. In the H-layout, the SBs would be placed horizontally



exposures. In other words, the background exposure of each exposure is
utilized to prevent the SBs in each nmask fromprinting. This process is
nore efficient than using a dedicated SB trimmng exposure for achieving
very low ki printing. Exactly, how | arge the SBs can be depends in-part on
the depth of focus requirenents and the given process being utilized. One
nmet hod of determ ning the maxi num SBs size permtted is to run an initial
simulation(s) to determ ne the maxi num all owable SB wi dth that does not
result in any SB residual in the final imge. [39] Because there were no
SBs present in the respective layouts wh&n initially C determining the
shielding requirenents, in the next step (Step 32), once the tentative SBs
are pl acedtendinp patall¢lvath-the hynaantad ndigevid beyimaged, ahé imthe -lafaut, thpSByi ng
shielding is then re- executed so that the optical weight of the SBs can be
t aken i nt ovadEbuplhcedivichicalky paeddingpdrdlR] with ehel veetibaDaddesrwl besifiagédli ng.
Simlarly, once the shielding is finalized, the OPC programfor applying

the SBs i g381e- @Xgabied ¢that Bnd Hahe £Mn@§ésla§mc1aﬁa Wit thB red@ltehvenfistisithe Vi ew of
the finalized shielding to be applied to the respective masks. 13 [40]

Once the BT Pluif BHiZOt alks st aRrk R AR Nal Sl PR HOPRRLARR!

nodel a on nanu acture ru verifi cat

respective la , ss_the rul hec r catjon, the

process i ghc r:é}p L“Vg%lr?a‘ tSH%C qiﬁgy nQE‘ CENg RO %8&% prrn%%eaﬁ’t(?l t%‘%{é Sisf Nasks to be

utilized in the douhl e exposuyre, i i Ng. pJ.Qcess i.s noted that the

f or egoi ng IPBEELUI Lo Fdmiis e@lt?ﬁegfcfam %rﬁla}&Pg[f?HOLﬁlﬁ% REERtaHpns s

example, it is also applicable to other{%ﬁpes of illum nation such as, for
npl e, dherefges, ierede @ notpeb AR rimming fatheold-nask and ¥ smaskdppngtheitwal pole in

e er the X (horizontal) or Y (vertical) direction, but asymetrical from

the X to ‘¥xgosuesst loother words, the background exposure of each exposure is utilized to prevent

the SBs in each mask from printing. This process is more efficient than using a dedicated SB
trimming exposure for achieving very low k; printing. Exactly, how large the SBs can be
depends in-part on the depth of focus requirements and the given process being utilized. One
method of determining the maximum SBs size permitted is to run an initial simulation(s) to
determine the maximum allowable SB width that does not result in any SB residual in the
final image.
[39] Because there were no SBs present in the respective layouts when initially

C determining the shielding requirements, in the next step (Step 32), once the tentative SBs are
placed in both the H-layout and V-layout, the model for applying shielding is then re-
executed so that the optical weight of the SBs can be taken into account with respect to the
required/optimal shielding. Similarly, once the shielding is finalized, the OPC program for
applying the SBs is re-executed so that the optimal SB can be determined in view of the

finalized shielding to be applied to the respective masks.



[42] Figs. 3a-3d illustrate an exanple of the deconposition of the target
pattern (see, Fig. 3a) into an Wayout (see, Fig, 3b) and a H 1l ayout (see,
Fig. 3c) in accordance with the nethod of the present invention and the
resulting aerial inmage (see, Fig. 3d), Referring to Fig. 3b, which is the
Wayout, it is shown that the horizontally oriented features 33 are covered
with chrone shielding, and the vertical features 35 to be inmaged are forned
of AttPSM material having 6%transm ssion and 180 degree phase-shift. The
Wayout al so includes vertically disposed SBs 37. Simlarly, referring to
Fig. 3c, which is the Hlayout, it is own that the vertically oriented
features 35 are covered with chronme shielding, and the horizontal features

33 to be ipmmaged are fornmed.of. AttPSM mat eri al, , havi ng.6%transm.ssion and
180 degr ed hag)é‘-cg ﬁ\efsgs a‘f%gm}llzle‘it%%fmgﬁg géﬁeﬂéf‘lfag%l’%&fi“z‘lmi‘? Q\OH%)%gil@pos ed SBS
39. It is _noted that all of the vertical featur in the V-mask and all of
the hori z&iﬂ“&l“&’éﬂi‘sgﬁ%mf%‘i“%@l‘?—ﬁhe%?!@ yegificpions éf @5 SSRECLYE AP (ke f or med

of AttPSM material, as all of the features have been deened critical.
However, fraaskeaess theadeeheck abvesifisptaon, therprgpesss pemplsierand dlee HdayoybandiVred as a
result of the nultiple illum nation process, which functions to conbine 14

i |1 um nat ilgyoutfepaesant theinaks fodzt witlizedimi thegyddubée XpdREMmaplirey pratess.n one mask
with illumnation of the sanme feature utilizing chrone (i.e., chrone

shi el d) i n4tihe 106 heted s the foiegdiAg proves is @ linfiel ésld by @ipolk dllundinytidne dFotir € i N
the target pattern having a w dth which exceeds the critical dinension, it
i's possi bleggahflef iﬂs@ls‘o*‘ﬂp@_iéa%?ettblroﬁlek'%bé & iNemmai N Rich @s, a8r &@npldIR! Y the mask
manuf acturing process. Fig. 3d illustrates the sinulated i maging result.

43] In o .2t . i I 4t 1 urt her

nce Fﬁ‘g}é@%ﬂsa%{f&lgﬁ 11t11n1%n%t3({nﬁt?8 Hifa g)gylﬁgﬂgg%g)tgﬁ ih'either tﬁ)é)iiha‘kz%n{ag ofr

[

eggz or mance 1z e exposure process of the
p ent | ntion j.n conjunction wth illuwnation. polarization. Mre
bect i calt peigalieeiinbRASHE kg el irelich

[42]  Figs. 3a-3d illustrate an example of the decomposition of the target pattern (see, Fig.

3a) into an V-layout (see, Fig. 3b) and a H-layout (see, Fig. 3¢) in accordance with the
method of the present invention and the resulting aerial image (see, Fig. 3d). Referring to
Fig. 3b, which is the V-layout, it is shown that the horizontally oriented features 33 are
covered with chrome shielding, and the vertical features 35 to be imaged are formed of
AttPSM material having 6% transmission and 180 degree phase-shift. The V-layout also
includes vertically disposed SBs 37. Similarly, referring to Fig. 3¢, which is the H-layout, it

C is shown that the vertically oriented features 35 are covered with chrome shielding, and the
horizontal features 33 to be imaged are formed of AttPSM material having 6% transmission
and 180 degree phase-shift. The H-layout also includes horizontally disposed SBs 39. It is
noted that all of the vertical features in the V-mask and all of the horizontal features in the H-
mask in the foregoing example are formed of AttPSM material, as all of the features have
been deemed critical. However, for each feature, the overall imaging performance is

obtained as a result of the multiple illumination process, which functions to combine



axis illumnation conditions, when the pitch is smaller than the wavel ength,
the angle between the 01h and +/- |I" order diffraction conponent is quite
| arge such that the vector effect beconmes significant. Linear polarization
is an effective way of enhancing the contrast and is relatively sinple to
i npl ement in exposure systens. As is shown in Fig. 4a, the inconplete
interference due to TM (i.e., traverse nmagneti c wave) can reduce the inage
contrast. However, as shown in Fig. 4b, by utilizing dipole illumnation in
conbination with a linearly polarized source, the undesirable TM conponent
can be reduced, thereby inproving the iﬁnge contrast. Fig. 4c illustrates
that for a 9% Att PSM mask exposed with 0.85NA, DX with arN = 0.68 and
cyou-r = Olwgnatigrenfa crisical feature asing thesAHHM oatarighin ape miisk Sithyillumisptir ofg
linear y polarization to the DX source. [44] Fig. 4d is an exposure-defocus
(ED) pl ot thd samederduraiutihziog clpoman(i. athrane shidld) is theodtbet maskat Fatheeeore asear
y-pol arized DX has a lower mnimumintensity, the ED wi ndow has a hi gher
center doggted kbge, b€ ahy fedfikd ttBStatdeapatioht avidier wiltewHichek&ead@t eriadal Si gnma
paranmeters, by 15 adding linear y polarization, there is an inprovenment in

exposur e lyghddsitit & possiBiet® ForthisifElre uliBAhLERSme s ad toAmPYikdmaiRove, the

doubl e exposure technique of the present invention provides inproved

per f or m“%nﬁ%?@giﬁ%@ﬁcé’s‘é? e g@gmgggﬁ DS Sed ﬂa%énégﬁsdlts a sinul ation

conparison o or ma e exposure ni que of the present

i nvention r .imaging.an isolated 45nm.line .assum. 0, 93 dry exposure
et om v ] | ARG B e R G i RO ST PPRER et ) v
respectively. The DX and DY_dij pole settings are both aN = Q.68 and 60ur =

0 @ wi t h IHagng a%g}r@én%we}lti&ﬁ@géhe qougle exposurq RTQEssHPELE PHEEH INYSHIOLINGF  SBs
plvaced at the optinmum position with their widths varying from25nmin Fig.
5a conjunction with illumination polarization. More specifically, under high NA and strong off
axis illumination conditions, when the pitch is smaller than the wavelength, the angle
between the 0" and +/- 1 order diffraction component is quite large such that the vector
effect becomes significant. Linear polarization is an effective way of enhancing the contrast
and is relatively simple to implement in exposure systems. As is shown in Fig. 4a, the
incomplete interference due to TM (i.e., traverse magnetic wave) can reduce the image
contrast. However, as shown in Fig. 4b, by utilizing dipole illumination in combination with
a linearly polarized source, the undesirable TM component can be reduced, thereby
C improving the image contrast. Fig. 4c illustrates that for a 9% AttPSM mask exposed with
0.85NA, DX with oy = 0.68 and ooyt = 0.93, there is a three times improvement of NILS by
applying linear y polarization to the DX source.
[44] Fig. 4d is an exposure-defocus (ED) plot with and without polarization. It is noted

that since linear y-polarized DX has a lower minimum intensity, the ED window has a higher

center dose. Fig. 4e illustrates that with the same dipole angle and sigma parameters, by



to 50nmin Fig. 5c. The sinulated FEM pl ot shows that the full size SBs
provi de 100% DOF i nprovenent as conpared to the 25nm SB. [46] As a
practical matter, in order to use ArF to print 45 nmfeatures, it is
expected that inmersion and polarization will be utilized to inprove DOF.
Figs. 6a and 6b conpare a single exposure process versus the double

exposure process for 45 nmdense and isolated |ines. The sinulation setting
is 093 NA, m= 0.76 and our = 0.96 for DX single exposure. |In the case of
doubl e exposure, both DX and DY utilize_ the same NA and illum nation

settings. Prolith v9.01 EMF1 was utiliz&d for all si mul ati ons, which

i ncl uded single exposure exanples: Case A (dense), Case C gisolated) and
Case E (i Sdfingdiasar npelarigatione theesis an improyemend imexposiie latitide b ablodorygsicalir e
exanpl es: Case B (dense) and Case D (isolated). Cases A and B conpare the
dense | i ndegtates.or mance for single exposure and doubl e exposure in
accordance with the present invention. As shown, with proper shielding, the
doubl e eXpsisuris rogsl dbbee, stedduple@rpastranecthigieas tHelpresshinglention pasides. For
isolated lines with single 16 exposure, Case E, the process windowis quite

limted. himpryed perfifiindd diiet pletiondly kidwn RtHBquea SRR SBisangmbilagoloubl e

exposure techni que shows a significant inprovement in DOF. [47] Wth regard
to anot hercoﬁ‘n‘ﬂ!ﬁ%h%@?ngﬁfe%hﬂﬁfée Y adudfe &%@sﬁﬁ@fecﬁlﬂ%{@ﬁf‘t reeént lxﬁxﬁ%%gr t hat
for sone very de vice coO

nse ntigurations, printing very small spaces with

g0 gnf?g;ri%lra%i\r}?%té }S’E’Sﬁgeg'rdg\?}gl dl‘?n%da%sdn%n 2EHI3NH dey e\%ﬁgsuper {’y%{%%sx{vﬁﬁ 1i£{‘a?y8£§§e”t

proces en atrtenpting to’print such

smal | spaces.. As X | e DDUDET t echni que. o h resent invention
vpo ut 111 % g Ion e B B rb DA, PR RV S D atg DY et |t ude
conpared to that obtained utillzing a single exposure.ﬁrocess. Fig. 7a
i |1 ustrat exe beth oyse0.68 apdeounpL)- BEVith a SR segaerde angle Bigeskillustratesdhteeon wi t h
mai n feature
pairs of SBs placed at the optimum position with their widths varying from 25nm in Fig. 5a

to 50nm in Fig. 5c. The simulated FEM plot shows that the full size SBs provide 100% DOF
improvement as compared to the 25nm SB.
[46] As a practical matter, in order to use ArF to print 45 nm features, it is expected that
immersion and polarization will be utilized to improve DOF. Figs. 6a and 6b compare a
single exposure process versus the double exposure process for 45 nm dense and isolated
lines. The simulation setting is 0.93 NA, oy = 0.76 and ooyt = 0.96 for DX single exposure.
C In the case of double exposure, both DX and DY utilize the same NA and illumination
settings. Prolith v9.01 EMF1 was utilized for all simulations, which included single
exposure examples: Case A (dense), Case C (isolated) and Case E (isolated), where the dense
pitch is 120 nm, and double exposure examples: Case B (dense) and Case D (isolated).
Cases A and B compare the dense line performance for single exposure and double exposure
in accordance with the present invention. As shown, with proper shielding, the double

exposure has the same process window as the single exposure. For isolated lines with single



trimmng on the active layer of a DRAM cell, where ki is 0.28. In this
exanple, two dipole nodels with 90 degree in DX and DY, respectively, were
utilized for converting the original target layout 71 into a 9% Att PSM core
pattern 73, and also a BIMtrimmask 75 that is wutilized to clear the
connected resist lines into two separated |line ends. The sinulated inmaging
result 77 is also illustrated in Fig. 7a. Fig. 7b illustrates the exanple
DEL with the main feature trimm ng on the sane cell but with a nore
aggressive k, of 0.27. In this case, Cthe optinmum source for the first
exposure is an X-Y asynmmetri cal CUASAR,lﬁnd the source for the second
exposure is a dipole with a wider ajN than aoj. Figs. 8a and 8c illustrate
the resulerpesyres Easedt, thoproenss witdemhe quitslimied: Héowiwyigh|(a@seRpdiaing felbsipni que.
Figs. 8b and 8d illustrate the resist contours forned using a single
exposur e t5euinriBjarel the déubdmexppsureiecbuique showsa nndicantAmpsdvement in DOIe i gur es,
in the single exposure case, there is a severe line-end pull-back that
requires VJary aggh Resid\eakdtieradvantapt pfsvidéd®ytite grogat v Erbion)it idydtdd tha- end. |1t
is quite difficult for the single exposure process to achieve the same print

results agol el AN RERRHIRIAS ERRTRe ;griygmahgpd-ctz:i Hih B8 Eonki0P

sinmul ated process 'l atitude using 0.85 NA dr w t hout pol arization on a cut

line acr 0%%&4%5 1ift& Eﬁ&éq? @Jc?%saxgp éfé@‘/?ro%gé)sm’thef eé%@segt inéfer‘ql{giu {ﬁ{% Itnpl%vecfl oubl e

S 1
exposure process resul greater posure as' conpared to

h [ i.ngl .. [ 48] . i,at i f the f [
embod ottt FRUTSBELRIETPRYB AL PO S age Sy A A Bt O EAVE, 53

al ready not ed, aboye, the doubl e exposure techniqge of the present _jnvention
i s=-not | i iFEBtauE 8f e pERsentiimyentomyes YHizepiorprant & fy wwog%aﬁi@eé%“wg
uthetized in the two step illum nation process. Mreover, the shape of the

i 1| umi nat irseresdatitvde Way cankpardd to dhat optaingduilizing singly ckposgrerpre¢esntFigriam t he

shape of the illum nation source for the second shape.
illustrates the use of the DDL/DET technique of the present invention with main feature

trimming on the active layer of a DRAM cell, where k, is 0.28. In this example, two dipole
models with 90 degree in DX and DY, respectively, were utilized for converting the original
target layout 71 into a 9% AttPSM core pattern 73, and also a BIM trim mask 75 that is
utilized to clear the connected resist lines into two separated line ends. The simulated
imaging result 77 is also illustrated in Fig. 7a. Fig. 7b illustrates the example DEL with the
main feature trimming on the same cell but with a more aggressive k; of 0.27. In this case,
C the optimum source for the first exposure is an X-Y asymmetrical QUASAR, and the source
for the second exposure is a dipole with a wider opy than ooyr. Figs. 8a and 8c illustrate the
resulting resist contours formed using the double exposure technique. Figs. 8b and 8d
illustrate the resist contours formed using a single exposure technique with an optimized
illuminator. As shown in the figures, in the single expoSure case, there is a severe line-end
pull-back that requires very aggressive OPC correction due to poor NILS in the line-end. It

is quite difficult for the single exposure process to achieve the same print results as the



[49] It is also noted that in an effort to further enhance the imging
results, the SBs are positioned with the nasks so as to best match the
frequency of the target pattern. Accordingly, in the V-nask, the vertical
SBs are positioned so as to best match the frequency of the vertical
features to be inmaged, and in the H mask, the horizontal SBs are positioned
so as to best match the frequency of the horizontal features to be imged.
[501 In another variation, it is possible to assign a different phase shift
and percentage transmssion to the critical features in the H msk and the
V-mask. In addition, it is also possib*; to assign different phase shifts
and percentage transm ssions to critical’in the sane mask (| e., Hmask or
V-mask). For, _exanpl e, features having |fferent wi dt hs, ich are

| ess t han dp¥le E¥ROBIE Rrocgssmibiiss 86 HIustalgs e minyilated ﬂ@ﬁ%ﬁ@é@dltvﬁs@ %%“ mmnce
utilizing different phase shifts and/or different transm ssions. [ 51]

I n yet anotithent podarizatioroen a euniibing aerossithe antivg peeriGlYy Hs o, fard. @@G@HOFth he
open areas that contain no design features (including SBs) so as to reduce
t he i npactdoudfle Exmisere fpravesstrheilts iima 3% grenyes expnsufed & tudé a5 codparddo teock di agr am
that illustrates a conputer system 100 which can inplenment the illum nation
opti m zat iopfimempiaidegoakeve. Conputer system 100 includes a bus 102 or

ot her communi cation nmechani smfor conmmunicating infornation, and a processor

104  couplgg] WhiRadis ok B4 tHR oﬁ%é L) SmbBdideAR olf &2 préeAPHl &ftiod ¥l 44® 100

al so |ncludes a main nmenory 106, such as a random access menory (RAM or

ot her dy”%ﬂ%s?blétﬂir@%g eVAs a%a#%‘t‘e‘?i' Apdvd %eb&bﬁg%%pésﬁ\’}é é&lﬂﬁ%%f'ﬂ%égés@ﬁ; I on

and instr i ons Xecute rocessor 0 may
i nt.er medi ornatlon

deri mg. exaRTaraR: RO ko g al?%lﬁge@éféﬂﬁrﬂaowe FaReeodr ot Bdffout or

two step illumination process. Moreover, the shape of the illumination source for the first
illumination may be different from the shape of the illumination source for the second shape.
[49] Itis also noted that in an effort to further enhance the imaging results, the SBs are
positioned with the masks so as to best match the frequency of the target pattern.
Accordingly, in the V-mask, the vertical SBs are positioned so as to best match the frequency
of the vertical features to be imaged, and in the H-mask, the horizontal SBs are positioned so
as to best match the frequency of the horizontal features to be imaged.
[50] In another variation, it is possible to assign a different phase shift and percentage

C transmission to the critical features in the H-mask and the V-mask. In addition, it is also
possible to assign different phase shifts and percentage transmissions to critical in the same
mask (i.e., H-mask or V-mask). For example, features having different widths, all of which
are less than the critical dimension, may exhibit improved imaging performance utilizing

different phase shifts and/or different transmissions.



system 100 further includes a read only nmenory (ROV) 108 or other static
storage device coupled to bus 102 for storing static information and
instructions for processor 104. A storage device 110, such as a magnetic

di sk or optical disk, is provided and coupled to bus 102 for storing
information and instructions. [53] Conputer system 100 nay be coupled via
bus 102 to a display 112, such as a cathode ray tube (CRT) or flat panel or
touch panel display for displaying information to a conputer wuser. An input
device 114, including al phanuneric and g#her keys, is coupled to bus 102 for
comuni cating informati on and conmmand set ections to processor 104. Anot her
type of user. input device is cursor control 116, such as a nouse, a
trackbal | BUr &yyegprother @ratign swhsiesolption gratingnhlpeks atg added o the opavareastlat mat i on
and command sel ections to processor 104 and for controlling cursor novenent
on di spl ayontain notigsign feapues (@wluding $BPise as loyredigs theimpdeigpf dlews fsdm 1@ f r eedom
in two axes, a first axis (e.g., Xx) and a second axis (e.g., y), that allows
t he devi cembging sgewi.fy positions in a plane. A touch panel (screen) display
may al so be used as an input device. [54] According to one enbodi nent of

the invenysmn, Fige iferLBPeS aintRatiNAEQRS a ¥Bxpiter sydmf L0NFRKlcPYanGRipRiicAT
system 100 in response to processor 104 executing one or nore sequences of

one or NOfif iNHidau6h Bﬁt‘ﬁﬁizﬁt%ﬁé%mdiaﬂo@iébn%@rs st 200 %%e%)?gﬁsr tgrons

may be read 1nto nmain nenory 106 from anot her cohputer-reada medi um such

5 ot or A IEh okl TARENLHOD: Aok DR BB R R ISHELE 9 cOnt ai ned

in main menory auses processor ( ormt rocess steps
descr ! Dot el Dy B0 B P S0A B Lhe ol e JBE eSS ST
- maerrn%/err%o?'g/5 1 O6I,r;u(?h| és%rrgr?(&oirﬁl Sccgsr'rsb rggr;lorrr? ?It{iM) %?E)gl;:ﬂi;nggic storage device,

coupled to bus 102 for storing information and instructions to be executed by processor 104.

Main memory 106 also may be used for storing temporary variables or other intermediate

information during execution of instructions to be executed by processor 104. Computer

system 100 further includes a read only memory (ROM) 108 or other static storage device

coupled to bus 102 for storing static information and instructions for processor 104. A

storage device 110, such as a magnetic disk or optical disk, is provided and coupled to bus

102 for storing information and instructions.

C [53] Computer system 100 may be coupled via bus 102 to a display 112, such as a cathode
ray tube (CRT) or flat panel or touch panel display for displaying information to a computer
user. An input device 114, including alphanumeric and other keys, is coupled to bus 102 for
communicating information and command selections to processor 104. Another type of user
input device is cursor control 116, such as a mouse, a trackball, or cursor direction keys for

communicating direction information and command selections to processor 104 and for

controlling cursor movement on display 112. This input device typically has two degrees of



circuitry may be used in place of or in conbination with software
instructions to inplenment the invention. Thus, enbodinments of the invention
are not limted to any specific conbination of hardware circuitry and
software. [55] The term "conputer-readabl e nedium as used herein refers to
any nediumthat C participates in providing instructions to processor 104
for execution. Such a nmediumnmay take many forns, including but not limted
to, non-volatile nedia, volatile nmedia, and transm ssion nedia.
Non-vol atile nedia include, for exanple, optical or magnetic disks, such as
storage device | 10. Volatile nedia |ncﬂ%de dynam ¢ nenory, such as nain
menory 106. Transm ssion nedi a i ncl ude coaxi al cables, copper wire and
fi ber opt iftesdorn iretweddxes) atfiret axve (egs x) brad a scoonpl ai)@se(etg-xs'),ltb@t_all?ﬁwaﬁsrdesi';b tn nedi a
can also take the formof acoustic or light waves, such as those generated
duri ng radpecifyrpesjtienciyi a(fRine. antbuthpanal @cteér) B)spihgtngay2ilso tearBdiay fahpns.
Common forns of conputer-readabl e nedia include, for exanple, a floppy
di sk, a flg¥ikl e di sk, hard di sk, nagnetic tape, any other magnetic medi um
a CO-ROM DVD, any other optical nedium punch cards, paper tape, any ot her
physi cal iu
FLASH EP # anmf\é%lidn‘ tg%%m%gédl@g?%?gﬁ’éﬁ%@? e fe ngr“r“?’g OEE
descri bed h ter nedi uter can read.
561 var: Sgoriy Gl afit 7 3&5%Pnse‘é%ar°§e%wmo X BESEROT RO%ar ryi ng
one or nore nces of qQne or nore jnstructions t? ssor 104 for
execut i on. SCWC%QEHB‘? @ merg Anstiugdons GepARRS RN MAMqry| P@ g‘é: BBYREUYY a
nagnetlc disk of a renote conputer. The renpte conputer can |oad the

ruct i dRRY herreasl intosmalyp memaey hnBep aapiberconputcrscadale mediunb wachdser a
t phone line using a nodem A nodem|ocal to conputer system 100 can
recei ve t mstoragetdevice 110. Execution of the sequences of instructions contained in main memory

106 causes processor 104 to perform the process steps described herein. One or more
processors in a multi-processing arrangement may also be employed to execute the sequences
of instructions contained in main memory 106. In alternative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions to implement
the invention. Thus, embodiments of the invention are not limited to any specific
combination of hardware circuitry and software.
[55] The term “computer-readable medium” as used herein refers to any medium that

C participates in providing instructions to processor 104 for execution. Such a medium may
take many forms, including but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical or magnetic disks,
such as storage device 110. Volatile media include dynamic memory, such as main memory
106. Transmission media include coaxial cables, copper wire and fiber optics, including the
wires that comprise bus 102. Transmission media can also take the form of acoustic or light

waves, such as those generated during radio frequency (RF) and infrared (IR) data



on the tel ephone line and use an infrared transmtter to convert the data to
an infrared signal. An infrared detector coupled to bus 102 can receive the
data carried in the infrared signal and place the data on bus 102. Bus 102
carries the data to main nenory 106, from which processor 104 retrieves and
executes the instructions. The instructions received by main nenory 106 may
optionally be stored on storage device | 10 either before or after execution
by processor 104. [57] Conputer system 100 al so preferably includes a
comuni cation interface 118 coupled to bus 102. Comuni cation interface 118
provi des a two-way data communi cati on %bupling to a network |link 120 that
is connected to a |ocal network 122. For exanple, conmunication interface |
18 may becapmppicaipng: camswnprrssofgpgputar-readablpmpdia irgbide, foaexpmeple.a flappdem t o
provi de a data communi cation connection to a correspondi ng type of tel ephone
21 | ne. dikk, affexiblediskxanpdiek, cagnetimtapa anypothembagntac meditf), ad@3D-ROM, | ocal
area network (LAN) card to provide a data comruni cati on connection to a
conpat i bl ®VDANny ¥theedpizal hedilas, pyh catls papee tdpepirgotidr @Hysidal nRAynswh
i npl ement ati on, conmuni cation interface 118 sends and receives electrical,
el ect r onagRRimsCorPbled RAM, a PRIN! mdtErRoMas FYA SHOEEROMI 8t yPotBdrmeaitty
representing various types of i nformati on. [58] Network I'ink 120 typically
provi des icatik . d r Kk sq- . dat a
Gevi coo. Pap oL SATME S AHE N p U B beinaBh O o UNE LA SBRTEicHE O
| ocal network 122 to _.a host conputer 124 or to data equi pnent operated by an
| nt er net g@PWF@émﬁf%@1der (I'SP) 126. ISP 126 in turn provides data
comuni catj Qn §envi%es %hrough thggxorlgmﬁde pack tddata ¢omuni cati on
nﬁl\or K, c O ARSI 1grmsqlepmplter Fpagaole g a may bg iyefved 1 garryingone FERbr k 122
aNer | nternet 128 both use electrical, electromagnetic

sequences of one or more instructions to processor 104 for execution. For example, the

instructions may initially be borne on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 100 can receive the data
on the telephone line and use an infrared transmitter to convert the data to an infrared signal.
An infrared detector coupled to bus 102 can receive the data carried in the infrared signal and
place the data on bus 102. Bus 102 carries the data to main memory 106, from which
processor 104 retrieves and executes the instructions. The instructions received by main
C memory 106 may optionally be stored on storage device 110 either before or after execution
by processor 104.
[57] Computer system 100 also preferably includes a communication interface 118
coupled to bus 102. Communication interface 118 provides a two-way data communication
coupling to a network link 120 that is connected to a local network 122. For example,
communication interface 118 may be an integrated services digital network (ISDN) card or a

modem to provide a data communication connection to a corresponding type of telephone



or optical signals that carry digital data streanms. The signals through the
various networks and the signals on network |link 120 and through

comuni cation interface 118, which carry the digital data to and from
conput er system 100, are exenplary forns of carrier waves transporting the
information. [59] Conputer system 100 can send nessages and receive data,

i ncl udi ng program code, through the network(s), network link 120, and
comuni cation interface 118. In the Internet exanple, a server 130 m ght
transmt a requested code for an application programthrough Internet 128,
| SP 126, |ocal network 122 and comuni c&tion interface 118, In accordance
with the invention, one such downl oaded application provides for the

i 1l unmi nat iae m)@nqﬁhezawmie,@rontHN@mmmm@m 11§ ey bscatgshlareampiwekdbANAd code
may be executed by processor 104 as it is received, and/or stored in

st or age deard¢epiovile,a data cotrimamicatinn vainattidndo @cﬁmpatﬁjl@LagJe Woelessdinks may
execution. In this manner, conputer system 100 may obtain application code

in the foaRp ot implederdtedr Inviay Such|ifp)enfenfitiod, tofhimimatib s altdriacd e P8 sdnds and
l'i t hographi c projection apparatus suitable for use with a nask designed

with the adgivel elEéiﬁca@ Lhrléc%hlag&‘ﬁ%%} bptal SRRICRRRLAY Ri@PIRS fifGRs - @
radi ati on systemEx, |IL, for supplying a projection beam PB of radiation. In

this par %p?é&%ﬁ’t “g%ﬁgu%ﬁry@&t‘{f?ﬂgﬁ‘t‘*‘?’ﬂ system al so conprises a radiation

source LA mask table) M provided with a mask

posi &1 oni Kime Efﬁé‘“gqf% "”lﬁi‘éwa{cg%p%&i Codfint e R R B Pt 1o i em
P, - @ Segtgvr(])r sot(t)) ot er data?' Hév?ce(ss %Erséxrarafl ﬁa geat\t;)vloﬁ( hn\ﬁwl 2%rn?e;./ | q‘g\%dg\n a E:(r)]nn%ctlsolil)bSt rate
qgtder f o P YP
through local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in turn provides data communication services
through the worldwide packet data communication network, now commonly referred to as
the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic
or optical signals that carry digital data streams. The signals through the various networks
and the signals on network link 120 and through communication interface 118, which carry
the digital data to and from computer system 100, are exemplary forms of carrier waves
transporting the information.
C [59] Computer system 100 can send messages and receive data, including program code,
through the network(s), network link 120, and communication interface 118. In the Internet
example, a server 130 might transmit a requested code for an application program through
Internet 128, ISP 126, local network 122 and communication interface 118. In accordance
with the invention, one such downloaded application provides for the illumination

optimization of the embodiment, for example. The received code may be executed by

processor 104 as it is received, and/or stored in storage device 110, or other non-volatile



hol ding a substrate W(e.g., a resist-coated silicon wafer), and connected
to second positioning neans for accurately positioning the substrate with

respect to itemPL; - a projection system("lens") PL (e.g., a refractive,
catoptric or catadioptric optical system) for imaging an irradi ated portion
of the mask MA onto a target portion C (e.g., conprising one or nore dies)
of the substrate W [61] As depicted herein, the apparatus is of a

transm ssive type (i.e., has a transm ssive mnask). However, in general, it

may al so be of a reflective type, for exanple (with a reflective nask).
Al ternatively, the apparatus may enpl 0y, Anot her kind of patterning neans as
an alternative to the use of a nmask; eXanples include a programrabl e m nor

array or LCD rix. [62 he .source LA (e.g., a nercury .|anp.or. exciner
ey %pr tree Bt e, Titasmaies complies Siisr Whraey o BB nar 1 on
system (illumnator) L, either directly or after having 23 traversed

condi t i onFefy iRdheferm efjg parker Wawseam expander Ex, for exanple. The illumi nator
IL nmay conprise adjusting means AM for setting the outer and/or inner

radi al ex{@®it Figcthsebaingtiqaly depietd adithogmphicomnejestioaragparatupsgtablerfespectithvel y)
of the intensity distribution in the beam In addition, it will generally

conpri se Yatashdsigct eithahagidpé tHesprrentdiveatora The bppaeguadoniprisbé:and a condenser
CO In this way, the beam PB i npinging on the mask MA has a desired

uni form ty and. infa@Rgbh Yysthns Ek] ﬂytfér%ﬂpEQin'gtasprgjrthﬁﬁr%ﬁ{ PRf rddation! In tBROUI d
be noted with regard to Fig. 10 that the source LA may be within the housing

of ihe |, PRRBEEAOLE oRr Qliab QRCAPAY Gintfis(AFpliand LR it case uhen t he

source LA'Is a nmercury |lanp,” for exa at It may also be renote

eSS bt hos B0 B S PEBA s LG A
MA (e.g., a reticle), and connected to first positioning means for accurately positioning the
mask with respect to item PL;

- a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g., a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

- a projection system (“lens”) PL (e.g., a refractive, catoptric or catadioptric optical
system) for imaging an irradiated portion of the mask MA onto a target portion C (e.g.,
comprising one or more dies) of the substrate W.

C, [61] As depicted herein, the apparatus is of a transmissive type (i.e., has a transmissive
mask). However, in general, it may also be of a reflective type, for example (with a reflective
mask). Alternatively, the apparatus may employ another kind of patterning means as an
alternative to the use of a mask; examples include a programmable mirror array or LCD
matrix.

[62] The source LA (e.g., a mercury lamp or excimer laser) produces a beam of radiation.

This beam is fed into an illumination system (illuminator) IL, either directly or after having



of suitable directing mnors); this latter scenario is often the case when
the source LAis an exciner |aser (e.g., based on KrF, ArF or F2 |asing).
The current invention enconpasses both of these scenarios. [64] The beam PB
subsequently intercepts the mask MA, which is held on a nask table M.
Having traversed the mask MA, the beam PB passes through the I ens PL, which
focuses the beam PB onto a target portion C of the substrate W Wth the
aid of the second positioning means (and interferonmetric neasuring nmeans
| F), the substrate table WI can be noved accurately, e.g., so as to
position different target portions C i n23 he path of the beam PB. Simlarly,
the first positioning neans can be used to accurately position the mask MA
wi th respdeversas copditigaing mepng, Rechins arfbe@m expangder Exg forexamplendhg dlaminatardleval of
the mask MA from a mask library, or during a scan. In general, novenent of
t he obj ectmayabimpssd\iljusiifig wichhs Ak for seitiigtbelowtert dndfdnénreer chdodl emtehtong- st r oke
nodul e (coarse positioning) and a short-stroke nodule 24 (fine
posi ti oni nEmmiMly fdferdddbio A6~ lahd blihder defebivRlly) o tHel iBtensi- didigMiioglin i N the
case of a wafer stepper (as opposed to a step-and-scan tool) the nmask table
Ml may ju Cﬁﬂﬂﬁ d:. & rt-st. . i xed. [65]
The depi ct§ ltéed& t(?1 00 caﬁ}0 élt &‘é@é&‘%ﬁ&ﬁ%"“ﬁ‘? féﬁgﬁ%&#ggd%?po%mﬁ%}s{%lg% a];rrlode, t he
mask table MI is_ ke essenti all tatiopa d an entire mask,,.Jjmage is
bt of ect ed BTSN § SEERg £, I Bl R B haiitan Be BB WA FROT, o
substrate table i S then shigﬁed in the x and/qor y directions so that a
di f f er ent 2d§siErdiunygrpityandanteatyistibytionin e eopySee hbeam PB; - In scan node,
essentially the sane scenario applies, except that a given target portion C
i :Inot exfbHed It should bie mgted with ragdnd to FigskOcthef the sparqed gk maybe @i the novabl e in
avgi ven

housing of the lithographic projection apparatus (as is often the case when the source LA is a

mercury lamp, for example), but that it may also be remote from the lithographic projection
apparatus, the radiation beam that it produces being led into the apparatus (e.g., with the aid
of suitable directing mirrors); this latter scenario is often the case when the source LA is an
excimer laser (e.g., based on KrF, ArF or F, lasing). The current invention encompasses both
of these scenarios.
[64] The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which focuses
C the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning means (and interferometric measuring means IF), the substrate table WT can be
moved accurately, e.g., so as to position different target portions C in the path of the beam
PB. Similarly, the first positioning means can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g., after mechanical retrieval of the mask MA from
a mask library, or during a scan. In general, movement of the object tables MT, WT will be

realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module



direction (the so-called "scan direction", e.g., the y direction) with a
speed v, so that the projection beamPB is caused to scan over a mask

i mge; concurrently, the substrate table W is simultaneously noved in the
sanme or opposite direction at a speed V= M/, in which Mis the

magni fication of the lens PL (typically, M= 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, w thout having to
conprom se on resolution. [66] Although the present invention has been
described and illustrated in detail, it,js to be clearly understood that
the sane is by way of illustration and % anple only and is not to be taken

by way of | imtation, the scope of the present invention bejng limted only
by the t elfie Pastiopmg), aﬂ*@@}ﬂsaotaxaflﬂﬂy depictishiy g ol OcHapeet mdbe @ase o et hod of
generating conpl ementary masks based on a target pattern having features to
be i maged VT steppdidasappesedda p gteprinpiseandaeld the mask kable MT maejuptbegopngctadpl e-
exposure |ithographic inmging process, said nethod conprising the steps of
defi ni ng ama shoirt-stwlke bktpatek ocowy befivertli ng to said target pattern; defining
an initial V-mask corresponding to said target pattern; identifying

hori zont al[63r | The dtpiftedioal & berusedindwbrdiffGént nfodliesl hori zontal critica
features having a wdth which is less than a predeterm ned critical w dth;

identifying verty staﬂr)] nfdde! {he Fhask SANGIVES sl @pfseés@htmlgﬁﬁkonasﬁ,i Fhd\eR dnkifePhask
critical features aving a width which is |l ess than a predeterm ned

T Licel iU RSO g1 SuRiESR b AURAOAEST, PR CERADRYC, .
;gj‘“ge f T ?Q{Wg é% @gﬁ%&%&e‘&tlﬁﬁ% r)%isao éll%g ﬁ;f (ﬂaeﬁﬁcr)]rilsbsiot thgtazil (Aiffefrénrt Stgrggthg‘osrgons E" gatn baénd
= irradiated by the beam PB;

- In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given
direction (the so-called “scan direction”, e.g., the y direction) with a speed v, so that the
projection beam PB is caused to scan over a mask image; concurrently, the substrate table
WT is simultaneously moved in the same or opposite direction at a speed ¥ = My, in which
M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a relatively
large target portion C can be exposed, without having to compromise on resolution.

C [66] Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only and is not to be

taken by way of limitation, the scope of the present invention being limited only by the terms

of the appended claims.



assigning a second phase shift and a second percentage transm ssion to said
vertical critical features; said vertical features to be forned in said
V-mask so as to exhibit said C second phase shift and said second
percentage transm ssion. 2. A nethod of generating conpl ementary masks
according to claim1, further conprising assigning chrome to all
non-critical features in said Hnmask and said V-mask, said non-critical
features having a width which is greater than or equal to said predeterm ned
critical width, said non-critical featuEiZ to be formed in said H mask and
said V-mask wutilizing chrone. 26 3. thod of generating conpl enentary
masks according to claim?2, wherein said first phase shift and said second
phase shi WhaiisCladed|Is: and said first percentage transnission and said
second percentage transm ssion are equal. 4. A nethod of generating

conpl ement ary dagkmethod of ghinpgting carhplemerRaryfmaskieased ewarparget ipatéern havieg eps of .
appl ying chronme shielding to vertical edges of features in said H mask; and
appl yi ng deairtetoibedmbgadsont axsubstrale, IshidesiplementArynmbdke dorafse genmuhipleag

conpl enentary masks according to claim2, further conprising the steps of.
appl yi ng chpsir 1&mge£pﬂim1atgmgfmdezgasiakneﬁszmgﬁsiﬁgﬁieLst@s of:n said V-mask;
and applying scattering bars to said V-nask. 6. A conputer program product

for controlliNnge@hif®MPikEe }Eﬁﬁ%réo%ie &éin %%&I{aﬁ%g%gm'um readabl e by the

conput er, neans recorded on t recording nediu r directing the conputer

Lgsggr forma progeRs «P it VAl Qreldohifig (S RIERTEM piikrfONP! ementary masks
C identifying horizontal critical features in said H-mask, said horizontal critical features
having a width which is less than a predetermined critical width;
identifying vertical critical features in said V-mask, said vertical critical features
having a width which is less than a predetermined critical width;
assigning a first phase shift and a first percentage transmission to said horizontal
critical features, said horizontal features to be formed in said H-mask so as to exhibit said
first phase shift and said first percentage transmission; and
assigning a second phase shift and a second percentage transmission to said vertical
critical features; said vertical features to be formed in said V-mask so as to exhibit said
C second phase shift and said second percentage transmission.
2. A method of generating complementary masks according to claim 1, further
comprising assigning chrome to all non-critical features in said H-mask and said V-mask,
said non-critical features having a width which is greater than or equal to said predetermined

critical width, said non-critical features to be formed in said H-mask and said V-mask

utilizing chrome.



on a target pattern having features to be inmaged on a substrate, said

conpl enentary masks C for use in a nultiple-exposure |ithographic imaging
process, the process conprising the steps of: defining an initial H mask
corresponding to said target pattern; defining an initial V-mask
corresponding to said target pattern; identifying horizontal critical
features in said Hmask, said horizontal critical features having a width
which is less than a predetermned critical width; 27 identifying vertical
critical features in said V-mask, said vertical critical features having a
width which is |ess than a predeterm netPcritical width; assigning a first
phase shift and a first percentage transm ssion to said horizontal critical
features, sai d3hdringthad af geanemting eamplemprdany sraskuaccprding ta claimds whergingaidt o
exhibit said first phase shift and said first percentage transm ssion; and
assi gni ng fastpbawrbifipdndseidshednt phag shifsac eqal,ped sad fiag petcentagntransingeiono sai d
vertical critical features; said vertical features to be forned in said

V- mask so afé sdi@ seshd pértertapiedrangriesiodlaelRges. shift and sai d second percentage
transm ssion. 7. A conputer program product according to claim®6, wherein

the pr ocess f ugt b‘erhethﬁ@ﬂpgénéﬁﬁﬂé B&n@%ﬁ&n% nﬁ’a%lisi Q:@j)rﬂﬂ‘lgctbrcﬁl_ﬂﬁ ! fur@bd o
non-critical features in said mask and said V- nask, said non-critical

features [Wsfo By-WAIY vhich is greater than or equal to said
pr edet er MQ%B %??thl gaﬁ’p\(f)\nﬂ\gth, said non-critical features to be forned in

said H mask and Sla'indchv' rrasﬁlékﬂti Ioi zei ng cdhgo0 at8'esA o ut er. program pr oduct
according to c PR S SRR A EL LS gpsha P 115 Gnd" ¥ d%econd phase
shift are equal, and said fLrst ec{ﬁentgge transm ssi on and said second

~ applying scattering bars to said H-mask.

~ 5. A method of generating complementary masks according to claim 2, further
comprising the steps of:

applying chrome shielding to horizontal edges of features in said V-mask; and

applying scattering bars to said V-mask.

6. A computer program product for controlling a computer comprising a recording
medium readable by the computer, means recorded on the recording medium for directing the
computer to perform a process of generating files representing complementary masks based
on a target pattern having features to be imaged on a substrate, said complementary masks

C for use in a multiple-exposure lithographic imaging process, the process comprising the steps
of:

defining an initial H-mask corresponding to said target pattern;

defining an initial V-mask corresponding to said target pattern;

identifying horizontal critical features in said H-mask, said horizontal critical features

having a width which is less than a predetermined critical width;



C percentage transm ssion are equal. 9. A conputer program product according
to claim7, wherein the process further conprises the steps of applying
chrome shielding to vertical edges of features in said Hmask; and applying
scattering bars to said Hmask. 10. A conputer program product according to
claim?7, further conprising the steps of: 28 applying chrone shielding to
hori zontal edges of features in said V-nmask; and applying scattering bars
to said V-nask. 11. A device nanufacturing nmet hod conprising the steps of:
(a) providing a substrate that is at $;t partially covered by a | ayer of
radi ati on- sensitive material; (b) prov dlng a projection beam of radiation

using an imagin c) generatlng lurality of nask utlllzed to
endow t he proj é‘g“P éﬁ‘gb"éétf‘ﬁab\ﬂtr?ahfebt&qué‘% ppid Q’rf“?sg(ss patcal gitica) featyres)

projectin% the patterned beam of radiation onto a target portion of the

| ayer of hewng amidthvdéisis fdsy thapateedeterminggheditidahwidtiy step (c), sai d masks are
formed by a nmethod conprising the steps of: defining an initial H mask
correspondi ng hssignirigar Gt plpad sheft and ad 6fst pérpentape tiansmhissibn 6 sakhorzontakespondi ng
to said target pattern; identifying horizontal critical features in said

H mask, satitlcd) @abtey) bl h6tizontat Edatiresb be €Srmel aty i@ HamidkGohas Whéxtlibit @id ess t han

a predetermned critical w dth;
first phase shift and said first percentage transmission; and
assigning a second phase shift and a second percentage transmission to said vertical
C critical features; said vertical features to be formed in said V-mask so as to exhibit said
second phase shift and said second percentage transmission.
7. A computer program product according to claim 6, wherein the process further
comprises the step of assigning chrome to all non-critical features in said H-mask and said V-
mask, said non-critical features having a width which is greater than or equal to said
predetermined critical width, said non-critical features to be formed in said H-mask and said
V-mask utilizing chrome.
8. A computer program product according to claim 7, wherein said first phase shift
and said second phase shift are equal, and said first percentage transmission and said second
C percentage transmission are equal.
9. A computer program product according to claim 7, wherein the process further
comprises the steps of:
applying chrome shielding to vertical edges of features in said H-mask; and
applying scattering bars to said H-mask.

10. A computer program product according to claim 7, further comprising the steps

of:



identifying vertical critical features in said V-mask, said vertica

critical features having a wwdth which is | ess than a predeterm ned
critical width; assigning a first phase shift and a first percentage

transm ssion to said horizontal critical features, said horizontal features
to be formed in said Hmask so as to exhibit said first phase shift and
said first percentage transm ssion; and 29 assigning a second phase shift
and a second percentage transm ssion to said vertical critical features;
said vertical features to be forned in said V-nmask so as to exhibit said
second phase shift and said second perﬁggtage transm ssion. 12. A device
manuf acturing nmet hod according to clai 1, wherein step (c) further
conprises the steps of assignj.ng chrone tq all _non-critjcal featyres in said
sk and sai GPPINERBIPmeShIingio orPe el gle S fehies wasmd%-naa%a& h which is
greater than or equal to said predetennined critical wdth, said
non-critical f@BRlyingscatisripgbary sl Yanaski d H mask and said V-nmask utilizing
chrome. 13. A device manufacturing method according to claim 12, wherein
sai d first phadé Asdtevice nzamdfasturidg settoddophesing tieisfeps af:e equal , and said
first percentage transm ssion and said second percentage transm ssion are
equal . 14. A déipceviding dfsalsstratei thg i tlénetbaatiatiyrediérgd bpa lader ofredietion-st ep (c)
further conprises the steps of: applying chrome shielding to vertical edges
of feat ur ggnditivesdtéidtt mask; and applying scattering bars to said H nask.

15. A device manufacturing according to claim 12, wherein step (c) further

conprises the ?E)%?évi@ifng a projection beam of radiation using an imaging system;
C (c) generating a plurality of mask utilized to endow the projection beam with a pattern
in its cross-section;
(d) projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
wherein, in step (c), said masks are formed by a method comprising the steps of:
defining an initial H-mask corresponding to a target pattern;
defining an initial V-mask corresponding to said target pattern;
identifying horizontal critical features in said H-mask, said horizontal critical features
having a width which is less than a predetermined critical width;
C identifying vertical critical features in said V-mask, said vertical critical features
having a width which is less than a predetermined critical width;
assigning a first phase shift and a first percentage transmission to said horizontal
critical features, said horizontal features to be formed in said H-mask so as to exhibit said

first phase shift and said first percentage transmission; and



appl ying chronme shielding to horizontal edges of features in said V-nask;
and applying scattering bars to said V-nmask. 16. A nethod of imaging a
waf er conprising the steps of: defining a targFt pattern to be inaged on
said substrate; defining an initial H mask corresponding to said target
pattern; 30 defining an initial V-mask corresponding to said target

pattern; identifying horizontal critical features in said H nmask, said
horizontal critical features having a wdth which is less than a
predeterm ned critical w dth; identifyi&@ vertical critical features in said
V-mask, said vertical critical features®™ having a wdth which is less than a

predeterm ned critical widih; assignjng a first phase shift and a fiy|st

per cent age tr aASHIEY BiFC Qﬁit Igli?edaﬁ‘l% g’i“%b?f’ﬁ%?‘{ PEEGIAsE HRnustion té’sg,a“ds"éftlfa‘{

hori zontal features to be forned in said Hmask so as to exhibit said first
phase shi feritigghfleasiipsy s#ifl verticpldpatungs toche formagddpisaidiVomaslaspsasgpierljbiasaiécond phase
shift and a second percentage transm ssion to said vertical critical

f eat ur es; ss@nd phase tshifzdndfsaidisecond pewettagd tomsmdsion. sai d V-nmask so as to

exhibit said second phase shift and said second percentage transm ssion;

i magi ng sai d Hipmakdewick manifagtuing iethod aceordifg td dlaifm Ngtvherein agl(c) furthgt Ng sai d
V-mask utilizing a second source illumnation. 17. A nethod of imaging a

waf er accepmbAsestiR ddiofMaskfmidolihtdife toGAMdhicEikiBs fentsred M Al HSHHsRAR $a0d al |
non-critical features in sai d_ H-mask and said V-mask, said non-critical
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predeterm ned critical w , Sal on- critica eatures to
said H naspi§ed%{égml%%cll grit%a%%&h,us%{dl noflctidicdl }}éa?lﬁgs' to be formed in said H-mask and said

C V-mask utilizing chrome.

13. A device manufacturing method according to claim 12, wherein said first phase
shift and said second phase shift are equal, and said first percentage transmission and said
second percentage transmission are equal.

14. A device manufacturing method according to 12, wherein step (c) further
comprises the steps of:

applying chrome shielding to vertical edges of features in said H-mask; and

applying scattering bars to said H-mask.

C 15. A device manufacturing according to claim 12, wherein step (c) further
comprises the steps of:

applying chrome shielding to horizontal edges of features in said V-mask; and

applying scattering bars to said V-mask.

16. A method of imaging a wafer comprising the steps of:

defining a target pattern to be imaged on said substrate;

defining an initial H-mask corresponding to said target pattern;



18. A nethod of imaging a wafer according to claim17, wherein said first
phase shift and said second phase shift are equal, and said first
percentage transm ssion and said second percentage transm ssion are equal.
19. A method of imaging a wafer according to claim17, further conprising
the steps of: 31 applying chronme shielding to vertical edges of features in
said H mask; and applying scattering bars to said H mask. 20. A nethod of

i magi ng a wafer according to claim 17, further conprising the steps of.

appl ying chronme shielding to horizontal edges of features in said V-mask

and ~applying scattering bars to said \A4msk. 21. A nethod of inmging a

waf er according to claim 16, wherein said first source illumnation and

sai d second soteftnng an igitiahYtmaest carrespanging to said targerpatieons. 22. A met hod of

i magi ng a wafer according to claim 16, wherein said first source

i |l um nati on i slestifgingdlogzontdlignitioa tfeaturesindaiddi-thasle saiddosioantaleriticdl fedtwrag i on i s

a non-dipole illumnation. 23. A nethod of imaging a wafer according to
cl ai m 22, havigg £ividth aihithseleethas 8 yredetermihbdigritital width;i s one of QUASAR
illumnation or annular illumnation. C

identifying vertical critical features in said V-mask, said vertical critical features
having a width which is less than a predetermined critical width;
assigning a first phase shift and a first percentage transmission to said horizontal

critical features, said horizontal features to be formed in said H-mask so as to exhibit said

o~
-
first phase shift and said first percentage transmission;
assigning a second phase shift and a second percentage transmission to said vertical
critical features; said vertical features to be formed in said V-mask so as to exhibit said
second phase shift and said second percentage transmission;
imaging said H-mask utilizing a first source illumination; and
imaging said V-mask utilizing a second source illumination.
17. A method of imaging a wafer according to claim 16, further comprising assigning
chrome to all non-critical features in said H-mask and said V-mask, said non-critical features
C having a width which is greater than or equal to said predetermined critical width, said non-

critical features to be formed in said H-mask and said V-mask utilizing chrome.

18. A method of imaging a wafer according to claim 17, wherein said first phase shift
and said second phase shift are equal, and said first percentage transmission and said second
percentage transmission are equal.

19. A method of imaging a wafer according to claim 17, further comprising the steps

of:



31

applying chrome shielding to vertical edges of features in said H-mask; and

applying scattering bars to said H-mask.

20. A method of imaging a wafer according to claim 17, further comprising the steps
of:

applying chrome shielding to horizontal edges of features in said V-mask; and

applying scattering bars to said V-mask.

21. A method of imaging a wafer according to claim 16, wherein said first source
illumination and said second source illumination are dipole illuminations.

22. A method of imaging a wafer according to claim 16, wherein said first source
illumination is a dipole illumination and said second source illumination is a non-dipole
illumination.

23. A method of imaging a wafer according to claim 22, wherein said second source

illumination is one of QUASAR illumination or annular illumination.



