1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR PERFORM NG DOUBLE EXPOSURE
LI THOGRAPHY TECHNI CAL FIELD [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 t® an individual |ayer of the IC
and this pattern can be inmaged onto a target portion (e.g., conprising one
or nore di es) AWMETHODSPROGRAM PRODUCRIAND AFF{RATUSIOR FERFGAMING a

| ayer of radiation-sensitipoumteExa@osSURE HOGRAFEMEr a2l . a single wafer
will contain a whole network of adjacent target portions 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 ¢o; S“.Tvéﬂmuﬁﬁﬁf¢ tfﬁ is conmmonly referred to as a wafer stepper. In
an al t er nat appatattus—conmonly referred to as a step-and-scan
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o mask and which provides for improved scatter bar trimming.
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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,
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, comrﬁonly
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 naterial
(resist). Prior to this imging step, the substrate may undergo vari ous
procedures, such as primng, resist coating and a soft bake. After
exposure, igniFichsdd Atwor Nﬁ%eﬂﬂﬁallys{llp ), 86 peed U 200ARE Y KRGS @8l istehnas a
post - exposur e bake (PEB) evel opnent, a hard bake and

neasur ementyij] B Reskd:M Ries i ai WYL %eftﬁ%klﬁﬁﬁé is sedtned ARy in® RGOS RART €S 'S
used as a basis to pattern an individual [ayer of a device, e. g , an | C
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several |addrd’ard réﬁ%a? QEFHQHB Fd%hol e procedure, or a variant

t her eof , vwéa h ve to repeat ed for each new | ayer. Eventualu%, an array
of devices 9| Ib%mﬁ’P ‘“éH‘P%E’FO‘Eeﬁé ugin® & {ifhoeEaphic prpigstion apRualus feIPKPatigpe
then separated from one anot her by a technique such as dicing or saw ng,
whence t helSiAEEA entap spiiptedhativat lenst prstis e versd By @deyer efradigbomessididet o

pi ns, etc. [041 For the sake of sinplicity, the projection system may

her ei naf t ematssial @¢seat): difiar do s imaging stepnthe subsratswresy, unidhige vedows baedings,be
broadly interpreted as enconpassing various types of projection systens,

i ncl udi ng swhraptimie, ogist caating ehd e edfi bakeo piftes sxpandd, thatalthiraptimayhesy st ens,
for exanple. The radiation systemnmay al so i nclude conponents operating
accordi ng fubjeeyd tofothet pRsedudas siigh ab ¥ POs-dxposuilé b PRB), deVadiniht, ¥ hard bake
controlling the projection beam of radiation, and

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
(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 referréd 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 ahy of

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



3 such conponents may also 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 "nmultiple stage"” devices the additional tables may be used in
parallel, or preparatory steps may be carried out on one or nore tables
whil e one or nore other tables are being used for exposures. Tw n stage

| it hographi c apparatus are described, for exanple, in US 5,969, 441,

i ncorporated herein by reference. [05] The photolithographic masks referred
to above conprise geonetric patterns corresponding to the circuit

conponent s shéh ddgnpoRéREma) 8o 88t erfedsh beRN coIRbBVely dNEnfidilyehds“letsSed to
create such nasks are generated utilizing CAD (conputer-alded desi gn)

programs, phfh& L %%ﬁgﬁgﬁifcta Qar@ﬁ% gﬁr bELEL Qhﬁ‘? %ﬁv%&%l %r%héiesdes' gn

autonatlon) Most ow a redeterm ned design rules
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desi gn Ilnl at1ons. €; design ru fine e space
bet ween circuit,.deviges (such as gates acitors, etc. nt er,connect
Vines. so Beuted ipRuali: ?rﬁpgmfﬁm@?%ma@fba@ EL6003 o oo lablst WA BPelcy

with one another in an undesirable way. The design rule |imtations are
typical |y Pemaratkeriablesare being pged forgxppivgsse favin sfagpithographic appasatusitgensi on
of a circuit can be defined as the smallest width of a line or hole or the
smal | est sgescEbise fansapmplgoinl Un&a86B 44k, wrsotnsiraied herpindy refeeenGd det er mi nes the
overall size and density of the designed circuit. [06] O course, one of
t he goal s [(3]i nThgplatddhedraghic madkabefeneat fombovescdnopifsaigednhettit pattegpr oduce t he
original circuit design on the wafer (via the mask). As the critica
di mensi ons c@fespdieling ta tigedirqdétcheptigenate G Enteate@ dfiotOdiNcon Ve IThe ipkttdrss
becom ng increasingly harder to reproduce

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"

(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



the target patterns on the wafer. However, there are known techni ques that
allow for a 4 reduction in the mninmum CD that can be i naged or reproduced
in a wafer. One such technique is the double exposure techni que wherein
features in the target pattern are inmaged in two separate exposures. [07]
For exanpl e, one commonly known doubl e exposure technique is dipole
illumnation. In this technique, during a first exposure the vertical
edges of the target pattern (i.e., features) are illum nated and then
during a second exposure the horizontal etiges of the target pattern are
illumnated. As noted, by utilizing two exposures, inproved inmaging

per f or manceedmtion nghohiidmoadCD[tR8]cah be matgied ovmprodhesdis e vodfers €atetseei ng bar s
"SB" (or assist features "AF") has becone indispensable as chip

manuf act ur @EhniiOY & thedoIlEepPeIre SEhiiQuéel@Eérgin fEAhRS irbhd tdrpuPatilch ardfiggar s i n
production. The width "d" of the SB can be estimated using the follow ng

equation, MARLEsdaBre Kpssp&al | Ng constant to indicate non-printability or
sub-resolution (a typical range of the SB scaling factor ksBis 0.2 -
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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 kgg 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 =ksp (WNA),

[10]  where X is the wavelength of the exposure tool, and NA is the numerical aperture of

the exposure tool.

(11]  In order to maintain kl‘. above 0.35, manufacturers tend to use a higher NA exposure

tool. With the advent of irnmersion 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



secondary axis is the ki factor. As indicated by Fig. la, as device

manuf acturers nove to |ower k, production, the SB width needs to al so
scal e down accordingly in order to avoid 5 wunwanted printing of the SBs.
This presents a problemin that at sonme point the required wdth of the SB
to avoid printing will be smaller than the m ni rum manuf act urabl e w dth

(i.e., the required SB will be too small to manufacture). [12] Moreover, as
the SB wdth on reticles beconmes snaller than the exposure wavel ength, A,
the Kirchoff scalar theory is no longer valid. Fig. Ibillustrates a

conparison of a sinmulated aerial inmage of an isolated line using 0.85 NA

and QUASAR ikl Eﬁﬁﬁﬂg’bf HEBBrit Plelera ?Iéblrelﬁzl} ig ‘%lllal% gﬁ oI éqﬁké}{' (i.e.,

bright intensity binary nmask). Referring , conparing the aeria

i mage for ri.garqus &V LN %g@gggg RS RS agﬁlggg A 202 SGdn: the

)

EMT aerial 1nmage indicate a I'S actua an the " scal ar
i mge predicted. This ts that. SBs have re optical weight and are
t herefore (lﬁ%’rtglefegﬁgﬂ ?#g‘ggi%@oopsﬁaa]ttgﬁaguﬁﬁm\rfﬁfoers. Accordingly, there is a
need for a_process which dresses th B scal abj | i nd printabi]ity and
prevents t Higi]pri PGS BF ﬂfg%% Wl‘%ﬂl%ﬁﬁi’??eélgeeﬂq}_ﬁs |SN@EW%@? £90spRs WAV&%P%?L t he
foregoing, ,it is an object of the present invention to provide a double
exposure | i W &rished) seatartbreriisineronger walid: Fig 1b iHestgies 8 comparisonad 2 SB
residues fromthe substrate, that is suitable for use, for exanple, when
printing 65mmiged aBinhinagdeof deisplatal line using 985 A 47d QW ASARElhyminetine. gihesent
invention relates to a nethod of generating conplenentary masks based on a
target pat S&rwidthewi 4% rdtieletisi 6éem ba alBIM (iRg édglarintanstytistaratmasif)o Refigdng o a

Fig. 1b, comparing the aerial image for rigorous EMF (NA85QS9363rig) versus scalar

(NAB5QS9363scl), 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
exposure lithography method which trims (i.e., removes) unwanted SB residues from the
substrate, that is snitable 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



“mul tiple-exposure |ithographic imging process. The nethod includes the
steps of. defining an initial Hmsk corresponding to the target pattern;
defining an initial V-mask 6 corresponding to the target pattern;
identifying horizontal critical features in the Hnmask having a width
which is less than a predeterm ned critical width; identifying verti cal
critical features in the V-mask having a wwdth which is less than a
predeterm ned critical width; assigning a first phase shift and a first
percentage transm ssion to the horizontal6critical features, which are to
be fornmed in the H nmask; and assigning a second phase shift and a second
per cent age chirédpsidiag todthe tadgd: BarterLr il ing horidonal chilal takSes iWMedInake to be
formed in the V-nmask. The nmethod further includes the step of assigning

chrone to ahlinhQWwiGthiviHigak 1esE %wp@édete@mm@ c&lw%@mqeﬁt{ﬁngv%%& critibg
non-critical features are those features having a wd Whirch i's greater
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the prior For. . ent inventiaqn provides the ability to
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process of the present invention. Specifically, in the given process, both
t he H mask3&q8d pereenjegediapsmaispioninthe Wﬁrélﬁaltcnftlé@ltfmt\é@s &rhachsps to bﬁﬁormﬁbyl tAge in
different corresponding orientations, and therefore, there is a mitual SB
trinmi ng fdrmesie Themasthodanghenmetudds thtmﬁ?mgf atShgmtlg\ohremé@ all sen-ciitia]
Addi ti onal advantages of the present invention will become apparent to
t hose ski | Feathres in thehd-neask afid thm -hesk. oTheowinngyitidel faathed askabesei fipdtivenhofing a
exenpl ary enbodi nents of the present

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

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



invention. [17] Although specific reference may be nade in this text to the
use of the invention in the mnufacture of ICs, it should be explicitly
understood that the invention has many other 7 possible applications. For
exanple, it may be enployed in the manufacture of integrated optical
systens, gui dance and detection patterns for nagnetic domain nenories,

| i quid-crystal display panels, thin-filmmagnetic heads, etc. The skilled
artisan will appreciate that, in the context of such alternative
applications, any use of the terns "retice”, "wafer” or "die" in this
text should be considered as being replaced by the nore general terns
"mask", " pofsile apRicatidid. Fdrakaaple o ral 88 emplogsdBIché MehifacthEqf inkb@atedvent i on
itself, together with further objects and advantages, can be better

under st 00d oPicdl 8fBRNERdiR RS dét@étlo%\gaﬂ&ngﬁir%idﬁﬁ&icd&ﬁ%ﬁ Rlein@Acand the
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS [19] 'Fig. la

i I'lustrat e@qﬁ]ﬁ%ﬁ%ﬁ‘g&?&pfﬂ?ﬁaﬁ%ﬁg@ml moenMidhdlay 85 Hhie %lgged;%h%ﬁn%ﬁlglgg&ﬁiewm

desi gn rul rates Ta conparison o ate eri al

i mage of an isolated |] sing 0. 85 .and QUASAR.i Il umi.nation. [.21] Fig.
2T an exBRbIANS PRSHAPE PPt AP e BELs ore BT RS 1B 91 on
met hod of f, d.illustrate an exanpl e of

e, present jnyention, 2]  Figs. 3a- , )
Che decorpiQet PR shid B Pidstedes phng Eaplicok by e mafs eFitd GRSV R ou
(see, Fig. 3b) and a H 1l ayout (see, Fi?' 3c) in accordance with the
"substrate" and "target portion”, respectively.
[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. laillustrates 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.

{211 Fig. 2 is an exemplary flowchart illustrating the DEL/DDL layout decomposition
method of the present invention. . |
[22] TFigs. 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).



met hod of the present invention and the resulting aerial inmage (see, Fig.
3d). 8 [23] Figs. 4a-4e illustrate howit is possible to further inprove

i mgi ng performance by wutilizing illum nation polarization in conbination
with the process set forth in the flow chart of Fig. 2. [24] Figs. 5a-5c
illustrate a simulation conparison of the performance of doubl e exposure
techni que of the present invention for imaging an isolated 45nmline with
varying SB width. [25] Figs. 6a and 6b illustrate a conpari son between a
si ngl e exposure process versus the doublge exposure process for 45 nm dense
and isolated lines. [26] Figs. 7a and 7b illustrate the use of the DDL/DET

techni que @#3]t h@iRr SSRMIuitRYERd ANs pdisibl T Rrtthet GRLYYEihdditB PeiBrRdhct B
active layer 'of a DRAMcell. [27] Figs. 8a and 8c illustrate an exanpl e of

resul ting faglak i ANRANhSoLBLIRSh HRbATLAS, WHRR! RoSXPOS Wik OGN U

whil e Figs l'ustrate the resist contdurs formed using a single
exposure t%%gpigue wth an optimzed illumnator. Fig. 8e illustrates the
si mul at ed prgééss | atitude using 0.85 NA dry wi thout polarization on a cut

| i ne acros he_active grea CD. 28% Fig..9 is.a block diagramthat
1 ustrat e24] cBifutsere Dyt fnison snmBiison pf o2 agrpRrangs SRIRBIHEOHER nod
of the present.  invention and generate files representing the Hand V
masks. [ 29fechnigue afghe preasn invertion fog épreingsandisolated Apmm dipe Withyggings width.
projection apparatus suitable for use with nmasks designed with the aid of
the disclo :Eb% c Bige.dpptand 6D illustrate a comparison between a single exposure process versus the
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 8¢ 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. 9 is a block diagram that illustrates a computer system which can be utilized to
execute the method of the present invention and generate files representing the Hand 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 30] As explained in nore detail
bel ow, the doubl e exposure technique of the present invention deconposes

the target pattern into multiple tri-tone masks, which when illum nated
provi de for inproved scatter bar trimmng and i nproved i mgi ng perfornmance.
[31] More specifically, Fig. 2 is an flowchart illustrating a first

enbodi nent of the present invention. Referring to Fig. 2, the first step
(Step 20) in the process is to identify and read in the target pattern
which is to be inmaged on the substrate (o? wafer, etc.). The target pattern
can be represented in, for exanple, GDSI| design data or any other suitable
data for miDETAH.EROESCREITICN €F PHE INVENTIONvert the target pattern into
horizontal (H) and vertical (V) layouts, and identify critical geonetries
(Step 24) in both the horizontal and vertical layouts. It is noted that

when separ §§d)ng Ashplagicd 8t mdRSAE bdléw, the antbloeApd¥iRe tezhniyid b1 tBé bﬁésénlﬂe
layouts are ‘identical and correspond to the target pattern. However,

expl ai ned lnweilﬂ n H'&:'bfng%e@'ﬂl;e nggln%tterﬁ ﬁﬁ) Iﬁuﬂng)é%tmt(@ﬁﬁ&s r Ghith WHeh gﬁpﬁrﬁatédhe

H mask) is nDdl I ed accor ce Wt resent I nvention an ctions

to Print t Qe holifonhleedaes b%m%;%gr?%%ﬁ%& e dltho Y- | avout -

(al so refe hce W th the pr esent

i nvention ncti o int t e t attern
[32] Oriti Zﬁﬂ M%EPR"%C@*@ Fi fdse" A e iRl el Brsbrabeab n e

t han sone predeflned amunt , %h .can be determ ned by the de5|gner based
on the i nné‘?"ﬁ@“%‘ys]%?;ﬁﬁ“nﬁé‘? ﬁ‘@ Btthe fissbater aiicr HY 1@:@%%?@?%6@%“%@ e det
pattern. A geonetries operation is utilized to specify features in the

H mask and the-tasgskpaiisinchhish i tg baimeagediondhe substyde [qruwrp?:tédeifb? rgebpatiel ue to

be critical. The critical value is set as a variable which can 10
can be represented in, for example, GDSII design data or any other suitable data format. The

next step (Step 22) is to convert the target pattern into horizontal (I1) 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 [ess 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 sct as a variable which can



be changed dependi ng on the design and technol ogy node being utilized. In
other words, for a given process and technol ogy node (e.g., 45nnm), it
beconmes nore difficult to properly image a feature having a width

di rensi on below a certain value, which in the given invention is referred
to as the critical value. As noted, this critical value may vary from
process to process as well as for different technol ogy nodes. [33] It is
noted that Step 24 can be acconplished using an aerial imge nodel or
calibrated nodel of the imaging systemtg be utilized to inmage the target
pattern. By utilizing such nodels, it is possible to sinulate how a given

feature of b%% an ??Spen f'%ltgto%':s}rl]e (WsJ l bgtecflra grrlgode lge %eag:%g& {)ﬁltc{%%er%?eé T

based on tHe ‘Fas he S|nu atlon M he &

and whi ch features woul S cCri eat ur es. uch
Todel s 1o ATeh AR Rl 11038 (G 1115 beutt s SR sfendiier
detail herein. It is further noted that the aerial imge, nodel or

cal i br at ed impfet featre having aoridih qipengden peovfrerin velve W%‘F]@éft th givier iy eptino
hori zontal and vertical |ayouts. This can be acconplished by specifying he
treat ment éuigéerfed to ahtbe coticat srlne-ads nefied dbisicoticalivelve mag yet frarp pragess to
illumnation dipole X or dipole Y. [34] Once the critical geonetries are

i dent i f i edpravessotshwellres fbtdiffyroot tecmdlcghenodes.ayout , the next step (Step 26)
is to assign the desired transm ssion (e.g., 6% transm ssion) and phase
(e.g., 180[3Kgr &dshotedtRasizp aft chiBe sdcbinplisied fusiag dh @&dl imfetrhodeher ddlibaydut
and the V-layout utilizing, for exanple, attenuated phase-shift material.

I't i's noteehdabpdf thdBnaitel FBEm tb bR IEIEATS AHadRERE ReBBR R B PEikiSHEJuah Ned
utilizing, for exanple, a transmssion tuning technique disclosed in USP

Appl i cati og, éﬁ@le 1%%&%@511&)1%@3315{11 aﬁgh&ﬂ a@%ﬁ?@a‘%ﬁre of th%%éet ﬂﬁﬁér‘ﬁhﬂﬂl%e 1ma%ed on

|nc0rp0rate rel Inits entirety. course, i's "al so accept abl
I
Py sel aetbiei e ned gagleg%ggﬂen@l Dol &@Hm& e ffhnind WS o

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 mto
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
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



11 desired phase shift applied to the critical features, it is also
possible to utilize other degrees of phase-shift and therefore the

i nvention should not be deened as limted to utilizing a 180 degree
phase-shift. [35] It is noted that the transm ssion and phase assigned to
the critical features defines how the critical features will be fornmed in
the respective masks utilizing, for exanple, the appropriate attenuated
phase-shifting material or a chronel ess nesa structure. It is further
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
nmask nmaki Ngedea pRSS shiflWPUE to thé critfcaPledresPRESAIN SosbiBleas stifft dthdridegeatof
transm ssions and phases to the critical features when doing so would
result in | MgH
transm ssi gﬂgﬁgﬂﬁgﬂdwﬂéﬂﬁ@ﬁ%@ﬁeng Gnld ntoébéd&ﬁ*%eﬁqlg t(lalgg{re gltt(?gm%{eg ,
non-critic Lgal}a%?hs in both the H-Iayout and V-l ayout (i.e., those
features h vgr gp dgth vvhich is greater than the vvidth defining the
critical sefeaturescnbe.i utlll

cour se, |f 5| té%’ll%ec} @F‘t RyFPEYSpeR 2 SC 4o %‘éﬁ“ é%?'ﬁfeég @Ibeﬁ ihawal o)
be imaged utilizing the same phase shifting materlal utilized to formthe
critical fihscgiied fqteres withe f?é‘%?d &@%fe(%ffcgﬁe DRFKs WilizBeaiop YRR EER i ve
chrone shields to the vertical edges in the HIlayout and to the horizontal
edges i n t heprypristgaitenuatghphasershifingghitetial or e ghropelagp prepadructyrs. | ftas fgther or
exanpl e, any of the nunerous known OPC nodels or optical nodels. Once the
tentative ohiedtiet sthegiten embodimpht, the samb ammissict @y (h8sege 8MYlieil to albofdhpl y
tentative SBs to each of the HIlayout and V-layout. In the HIlayout, the
SBs woul d &tidal feareksho riigiatizeatht yomplexity of 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
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



12 extending parallel with the horizontal edges to be inaged, and in the
V-l ayout, the SBs would be placed vertically extending parallel with the
vertical edges to be imaged. [38] It is noted that one of the advantages
associated with the present invention is the ability to utilize |arge SBs
due to the nutual trimmng of SBs that results fromthe process of the
present invention. Specifically, in the given process, both the H mask and
the V-nmask contain circuit features and SBs, but they are in different
correspondi ng orientations, and therefoqe, there is a nutual SB trinm ng
for the Hmsk and V-mask during the two exposures. In other words, the

backgr ound £SERATY hafth vﬁﬁﬁtﬂe R Bddes t4'hd ﬂnaa@&f ahg 1rp{h%\ﬂgﬁgoutt fig gﬁ@s in

each nmask rom process 1 s m)re e cient t n usi

dedi cated SB sur.e for ver Mlkl rln

Exactly, h&®Y @Fe Cteﬁg ’%’Iﬁ %erﬁléngliflé%lem ‘f)egrl ale S A de %1& of f ocus
requirenments the iven pr bei n ut|I|ze net

deter ni ni n;%ﬂ i Reie o e aR e Ret e g (i Passer YAt i the
simulation(s) to determ ne the maxi num all owable SB wi dth that does not
resul t in &bNinOB utidias lares SBsrverie thermyiug! tyimayee off Sty thegesnlis drophide erages et no
SBs present in the respective |layouts when initially determning the

shi el di ng thequeseaisrensioni Spedificalizxin tee giper 18peqss,3vfh the it maghandtbalaniske SBs
are placed in both the H1layout and V-|ayout, the nodel for applying

shi el di ng kenthineircuiefeamxascint &MBs skt tieytard ineiiﬁ@tﬂt@:at'remhgimg ookntati@sSBE can be
taken into account with respect to the required/ optinmal shielding.
Simlarly, ipgere] theresbh aluliad §Bi timinifgfdr ek afPC-pagkgiuing tartwoappl yi ng

the SBs is re-executed so that the optimal SB can be determined in view of

the final bggeadulhi Bl dhdiGvdis, bR BRRELEMH &PolReof &SRELEIMR iFBEKRA 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
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.



13 [40] Once the SBs are finalized, the last step (Step 34) is to perform
final nodel OPC along with mask manufacture rule check and verification

If the respective layouts (i.e., mnasks) pass the rule check and
verification, the process is conplete and the H | ayout and V- |ayout
represent the masks to be utilized in the doubl e exposure inmagi ng process.
[41] It is noted that the foregoing process is not limted to double dipole
illumnation. For exanple, it is also applicable to other types of

illum nation such as, for exanple, a cug8om zed QUASAR il lum nation that
has a symmetrical pole in either the X (horizontal) or Y (vertical)
direction, (40t @myOTRISBsG fiAd1REY, thelast step (S’tegim)e'@ttda pérforhfidal Hogel OB@- 3d
illustrate an exanple of the deconposition of the target pattern (see, Fig.

3a) into a'alo\{{g |uﬁ%%£skﬁﬁdﬁﬁfacﬁir8rul§&)ec@5§d Ferffich@rouf t}&%@@ectﬁ}ega oRf)(.e.n

accordance with the nmethod of the present invention and the resultlng

aerial I m%‘“&,ﬂ?’%ﬁ e (?h%):k %&Teﬁﬂch@&l R pr degs 1s%9m lggk'eﬁﬂ theSHtI%?o d{d"’s)’-"“t '

it is shown t Oori zon y oriente eatures are
chronme shi

in t he ve tlc gb ed are fornmed of

iy SN R S AR T S A
V-1 ayout al nclu tlcaII di sposed.SBs 37 r referr ng to
Fig. 3c, whFidh {9 RHfes fief By dRieeoing propesasRRATRG 0 @I%?Sked%wa%% it ed
features 35 are covered with chronme shielding, and the horizontal features
33 to be i fEAIRRICAFié alseerplirable tpotPsiypaseldHimmation such 269 P4HPIS 8si on  and
180 degree phase-shift. The HIlayout also includes hor[zontallﬁDQ|sposed
SBs 39. |t customizod QUASAR ilkintingfonttha haea synumetritd polerinsither thaX (horimestal)and
all of the horizontal features in the H mask in the foregoing exanple are
formed of At(vE\Evhidirention) hut agynahétricd] ftonethe Satol¥ dsedtiaue been deened
critical. However, for each feature, the overall imaging performance is

[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

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



obtained as a result of the multiple illum nation process, which functions
to conbine 14 illumnation of a critical feature using the AttPSM nmateri al
in one mask with illum nation of the sane feature utilizing chronme (i.e.,
chronme shield) in the other mask. Furthernore, as noted above, for any
feature in the target pattern having a width which exceeds the critica
dinension, it is possible to formthis feature utilizing chrone so as to
sinply the mask manufacturing process. Fig. 3d illustrates the simulated
imaging result. [43] In one variation of ighe foregoi ng enbodi nent, it is
possi ble to further enhance inmaging performance by utilizing the double

exposure pLREesside offaNSitRAIGe AR kYN ARPSMIatS ARG hadk Wikl Mubdida4ith BAt i on
pol ari zation. Mre specifically, under high NA and strong off axis

[
o et o, SRRSOt 2L el AP A BARATE ENELERELD. L1

angl e Dbetween na= +
| arge such th | ari,zation

t,th t ff b i.gni fi 4L
R R b g e R Tt
i | t o ur ST . .' h i ig. 4a, . th [ | et
T b SaBHRlPe BPe S  i  FER g

contrast. However, as shown in Fig. 4b, by utilizing dipole illumnation in
conbi nat i omappfapiuring progessr Fig. pé Ehisiraiesths sungated imaginggedf-r abl e TM conponent
can be reduced, thereby inproving the inmage contrast. Fig. 4c illustrates

that for a[©% Al @8Manatdn eHitho Seeronig ¢mbadiBSNAL ispXssible o Bmher @ihgdeceand ao =

0.93, there is a three tinmes inprovenent of NILS by applying linear y

pol ari zat i anaging pdrforiddhcedyntidizing 44 ddebly. exfosurs prabess x p the prasenta homtion (ED)

plot with and without polarization. It is noted that since |inear

y- pol ar i zegordndios wathl il inafibmpelkfizatioh € Mdré Ypeciffeall indérhidvNAand strbiggfer
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
improving the image contrast. Fig. 4c illustrates that for a 9% AttPSM mask exposed with
0.85NA, DX with opy = 0.68 and 6oyt = 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 intenéity, the ED window has a higher

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



center dose. Fig. 4e illustrates that with the same di pole angle and sigm
paraneters, by 15 adding linear y polarization, there is an inprovenent in
exposure latitude of 51% for vertical features. [45] As noted above, the
doubl e exposure techni que of the present invention provides inproved
performance over previously known techniques. Fig. 5a is a sinulation
conpari son of the performance of doubl e exposure techni que of the present
invention for inmaging an isolated 45nmline assuning a 0.93 NA dry
exposure systemwith linear y and x pol a6i zation for the DX and DY

illum nations, respectively. The DX and DY dipole settings are both (YIN =

0.68 and a@d&‘m? lifléar Wipohirida@n, dReY iean REpevanglt e edpogure Mitkidel oSt YpfoL ertitul €
pairs of SBs placed at the optinum position with their widths varying from
25nm in Fi @eatmd@s. to 50nmin Fig. 5c¢c. The sinulated FEM pl ot shows that the
full size SBs provide 100% DOF inprovenent as conpared to the 25nm SB.

[46] As a sz- ﬁ;i{\%?lloteﬁ%ivg@é thei(ﬂ%}f}lr %ﬁgosﬁlpe t'éa'ﬁliﬁeﬁwlfltﬂ%ﬁagé%m 1|n§§1eti§[:p t&?&e‘ér es, it

i S expecte I MTer st on an 80 rizatron™w O i nprove
DOF. Figs..6%?aqg gEJCQ&Pan a ﬁiﬂgkﬁ ex§0@ﬁre pr.ocess vers%ﬁ t he doubl e
exposure prOEELE RO HE KV HHSE© o AEEYT nds 2 TRS"SF AUt i on
setting is 0.93.NA _airy = 0.76 and_aour = 0.96 for DX single exposure. 1In
Lhe case ofBBISPROEdEEEHPRInEs et tasIeaaome s Db g
illumnpation settings. Prolith v9.01 EMF1 was utilized for_all
si nul at i onéMagipg anisplater ddua lise deuminga B3 DA deiexnpiuessyseaswithlingie s 8ed X Case
C (isolated) and Case E (isolated), where the dense pitch is 120 nm and
doubl e expoelarizationdphe DX @ddaY Blyrdisadais, weptcadp Thy PXoindtiBd ipoEastingA and
B conpare the dense |ine performance for single exposure and double
exposur e are both oy = 0.68 and ooyt = 0.93 with a 35 degree pole angle. Fig. 5b illustrates three

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, op = 0.76 and ooyt = 0.96 for DX single exposure.

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



in accordance with the present invention. As shown, wth proper shielding,
the doubl e exposure has the sanme process w ndow as the single exposure.
For isolated lines with single 16 exposure, Case E, the process w ndow is
quite limted. However, Case D utilizing full size 55nm SB and the doubl e
exposure techni que shows a significant inprovenent in DOF. [47] Wth
regard to anot her advantage provided by the present invention, it is noted
that for sonme very dense device configurations, printing very small spaces
wi th good control between line ends is pecessary. The process of the
present invention provides inproved process |latitude when attenpting to

print such e, . the. t i . of

present i n\?eﬁrﬁ% P%hég‘%s%?mﬁ ﬁlﬁ%eggwfﬁé%gﬁf ﬁ?ﬂ%ﬂ@lt%eéo(?ag?ﬂalﬂgl%tn%eﬁl 1? ‘gg%l ting
process latitu C red to that. obtained, utilizing a singl Xposur e
D ocess.  FogitoB AP Geoife Be G PR S Bigtoe PREnAREHET O e
present inventign with main feature tripm.ng on the active |ayer OL a DRAM
cel I, wher &, Mathgegasd tq gpofher adwpiagp Peovided Sy dhsigpssnt Wyaion, higtesgteegr ee
in DX and DY, respectively, were utilized for converting the original

target | ayd&utsommg vemdgnse dvicAcoHSMraiipne nyiatingrery Pawell apateawyb seodiavtrol i m mask
75 that is utilized to clear the connected resist lines into two separated
| i ne ends. bdikvecslimdngds exchecesvayi he pesedstof e preseal iswventioh psevides empioned=i g. 7a.
Fig. 7b illustrates the exanple DEL with the nain feature trimrming on the

same cel | piscessildthude Wisheit@EHHAS &I pvt kuchainall. spates.| Asbhiesamysis,ahe DDROWPt | mum
source for the first exposure is an X-Y asymmetrical QUASAR, and the source

for the segoRflq@xdraBdipresdn® inveflid?Ol s WilizEd & pMntle s RORA MK, GiTe r&hﬂi&g 8a
and 8c illustrate the resulting resist contours fornmed using the double

exposure t Eg)g&ls FHRudeF BTontpirea sl ﬂﬁgobt%i]i%&‘%ﬁz?ﬁgea §i§%e EeSdsite rOLO U or med

using a sinhgle exposure technique wth an optimz

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,
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 oy than ooyt. Figs. 8a and 8¢ illustrate the
resulting resist contours formed ﬁsing 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 expoéure 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



illumnator. 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 sane print results as the 17 double
exposure process. Fig. 8e illustrates the sinulated process |atitude using
0.85 NA dry w thout polarization on a cut line across the active area CD.
As shown, for 0.18um DOF, the double exposure process results in a 33%
greater exposure latitude as conpared tojtthe optinmm single exposure. [48]
Variations of the foregoing exenplary enbodi nents of the present invention
are also  nRSHlcRkfosufeHro&%8 M5 Be iffstRlids ARANmMIRIRADRAY RirinddB 8sidOURE A dry
exposure techni que of t%e present invention is not limted to dipole

| um nati Qi S5 &b, SOHLERRNBRSE nEAiRE bl 260nb Al BP0 1518 HRIE e

i Ilum nation process. reover, the shape of € il'umnation source’for
the first jlJumnation may be diff nt fromthe pe of the jl]lum nation
Sour ce. 1 or 4oHbE SRRBIHT TERRLreS At p e Peats SRort HOFREs SrRPAR litpbr o
further enhance the inmaging results, the SBs are positioned with the nasks
so as to bePHmyHE $1ele HPOFYEquency of the target pattern. Accordingly, in
the V-mask, the vertical SBs are positioned so as to best match the
frequency [#31 t Harigéensiof e foragpingszemplapemhodigeents efiflle presemh dnveptigpste alshe
hori zontal SBs are positioned so as to best match the frequency of the
hori zont al pbesitlar Ber exemble, isedgedy ngtédibove, thendeubde expasiratéchnique of the prsesadi bl e
to assign a different phase shift and percentage transm ssion to the
critical fdmtentiesisinot ilagedtondipde dhanibieony-Diffsient donreedtlapics o bé ttilized &l the
possi ble to assign different phase shifts and percentage transm ssions to
critical inwbbepSidiBnattRaSoddss. EMorddvemel sBipe\bf BRsSikimita@ibn exabPloe theffRat ur es
having different wdths, all of which

illumination may be different from the shape of the illumination source for the second shape.
[491 1Itis 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
transmission to the critical features in the H-mask and the V-mask. In addition, it is also
possible fo as'éign 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.



are less than the critical dinension, may exhibit inproved i magi ng
performance utilizing different phase shifts and/or different

transm ssions. 18 [51] In yet another variation, sub-resolution gating

bl ocks are added to the open areas that contain no design features
(including SBs) so as to reduce the inpact of flare fromthe i maging
system [52] Fig. 9 is a block diagramthat illustrates a conputer system
100 which can inplement the illum nation optim zation explai ned above.
Conmput er system 100 includes a bus 102 ong other conmuni cation nechani sm
for communicating information, and a processor 104 coupled with bus 102
for processing i r I Ll TR : ] i

menory 106,%guck11ﬁl %ag&%gﬁggﬁ1aécéig%%%ﬁgégﬁ%ég@fagﬁg%?ﬁ%?H%g%éﬂ?gﬁgggygge
device, caoupled tp bu 02 £ or st ok i.nf ormation. and, | ions to be
execut ed bf‘f’%ﬁ‘ I(510116?5&5)?531lgn %ﬁ‘ Tes (ng;llund?%%%%}%o fﬁif rg{ﬁgcg t%aﬂl agt ‘ﬂ%‘%‘{ #{'%‘% ﬂ'qs)e?ori ng
tenporary vari.abl es or other internmediate information during execution of
i nstructi ofS288e pE%¥kecut ed by processor 104. Conputer system 100 further
i ncludes a read only nennr¥ (RCN% 108 or other static storage device

coupl ed to[#Ris Fep Ofivs bleeliipgrgmdnaiti]lpstiairs grprmpiishsysia | HsvhiGs cablwlqnygnt
processor 104. A storage device 110, such as a magnetic disk or optical

di sk, is pthovilldwénatiogopiovighiéah explames abeve Campusercyiteny LOA frplydss p bus r
instructions. [53] Conputer system 100 may be coupled via bus 102 to a

di spl ay 113thesca@hmasicationabdrberesm farycotnineni¢aGRE jnfamatibatandarmebeessortlodich panel
display for displaying information to a conputer user. An input device
114, i ncl udbigedivihaiI0r fofprabésiak foricd, Cofnplfd Pysedn 100 dlss intBided Dinain
comuni cating i nformati on and conmmand sel ections to processor 104. Anot her

type of uUS@femory 106, such as a random access memory (RAM) or other dynamic 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.

[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 téuch panel display for displaying information to a computer
user. An input device 114, including alphanumeric and other keys, is coupled to bus 102 for
comrhunicating 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



i nput device is cursor control 116, such as a nouse, a trackball, or cursor
direction keys for comunicating direction information and conmand

sel ections to processor 104 and for controlling cursor novenent on display
112. This input device typically has two degrees of 19 freedomin two
axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the
device to specify positions in a plane. A touch panel (screen) display my
al so be used as an input device. [54] According to one enbodi ment of the
invention, the deconposition process naybg perfornmed by conputer system
100 in response to processor 104 executing one or nore sequences of one or
nore instryctions contain in.main .SuUch r I.oNs be
read into li!n%? nommlenntt‘)wroyaxfﬁgefg?t& 2R et ﬁg?ﬁﬁg%%eﬁéz?%}x}%:%3’3{@&%@%?Tf]ik dseac ¥%1s
storage devi ce. 110Q,. Execution ,of the sequence f instructions contained in
mei N Menr P EORLATIE ARt Agp el GO ARy Y fhiedteaissd & pgnt

descri bed herein. One or nore processors in a nulti-processing arrangenent
may al so béﬁﬁﬁﬁloyed to execute the sequences of instructions contained in
main menory 106. In alternative enbodi nents, hard-wired  circuitry nmay be
used in pl 4248 oficerrding te epdembadimentwif the invintigarthe derempadtipHPICES MayPEement
the invention. Thus, enbodi nents of the invention are not limted to any
speci fic -perfiyimedtbyenmpfitchsystiwal(® ioirespunderty penvdsssni Gdwaeeuting®BE offtperet er m
"conput er-readabl e nedi un’ as used herein refers to any nedi umt hat

parti ci pat eggueficed bOundlbrigore Msstrnctidns 0oustained pr siassaori 046.f Suchanenutiosn. Such
a nediummay take many forns, including but not [imted to, non-vol atile
nedi a, vol galylhe r#RaGh@d maaR therlobAITH M laAGTh SRBnibutNeGdNsIk ateldlven, ¥8eH & 1 ncl ude,
for exanple, optical or magnetic disks,

storage device 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 médium” as used herein refers to any medium that
participates in providing instructions to processor 104 for execution. Such a medium may
take many forms, including but not lfmited 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



such as storage device 110. Volatile nmedia include dynam c nenory, such as
mai n menory 106. Transm ssion nedia include coaxial cables, copper wre
and fiber optics, including the wres that conprise bus 102. Transni ssion
medi a can al so take the formof acoustic or |ight waves, such as those
generated during radio frequency (RF) and infrared (IR) data 20

communi cations. Comon forns of conputer-readabl e nedia include, for
exanple, a floppy disk, a flexible disk, hard disk, magnetic tape, any

ot her magnetic nmedium a CD-ROM DVD, apy other optical nedium punch
cards, paper tape any ot her physical nediumw th patterns of holes,

RAM a PRQOY), hﬁ% f%ﬁé i C dge,
a carrler mave asggggﬁkigb erel naft uéﬂ%mﬁgﬂghmﬂﬁﬁﬂ&%%aﬁﬁﬁg?ﬁ@ezﬁﬁ&%ﬁ
conmputer c n e Varl S for ut er ada be
Coveived | b Bk Ak naRl bRl R 08 o8 SR FhaleEP SR E TR RAR e o
processor for ecutl For npl.e, the instructions may.initjall
be borne oin 1Ry A F@“H@gwaﬁPnhpWEﬁﬁ?@Sd@ﬁﬁﬂ?@¥an e Rbyged m Hﬁ%ﬂﬁb can
| oad the instructions into |ts(w%ganlc nennrﬁLand send the instructions

over a tePafpR hojasea BAM@ IR deid EIR e F-NSEREPRGM: gnpoiher meyaem 100
can receive the data on the telephone line and use an infrared transmtter
to convert chiher dartridgem canri¢rnfavapedessiibgddiereingfier,onenppddr wediswifm whighlaed t o
bus 102 can receive the data carried in the infrared signal and place the
dat a on busorifiRer Buseall02 carries the data to main nenory 106, from which
processor 104 retrieves and executes the instructions. The instructions

recei ved bysdrai Warid®oiys dQompak: apiitdamkdiy nkg tetidveeeddn cardfifge devdiree 110

ei ther before or after execution by processor 104.
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
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



[ 57] Conputer system 100 al so preferably includes a conmunication interface
118 coupled to bus 102. Conmunication interface 118 provi des a two-way
data communi cation coupling to a network link 120 that is connected to a

| ocal network 122. For exanple, conmmunication interface 118 nmay be an
integrated services digital network (1SDN) card or a nodemto provide a
data communi cation connection to a correspondi ng type of tel ephone 21

| ine. As another exanple, comunication interface 118 may be a | ocal area
network (LAN) card to provide a data confuni cati on connection to a

conpati ble LAN. Wreless links may also be inplemented. In any such

o o i s SRS RO AL ARG el b3 902 A 10laP B2 HERORL @O 02

el ectromagnetic or optica t carry tal data streans

representing various types of i.nformation. [58] Net.war [ 20,. ically
b v des. S0 R B AR ST GG BMeB e HREb oy FreBbrus
devi ces. For exanple, network link 120 may provi de a. connecti t hr ough

| ocal net wdisR beplegentedoly anysHeh gy eniouatign, ‘Eoéﬂra'ﬁ‘%?t’é’&lﬁ“ﬁﬁ%%ﬁgﬁ@’rdﬁta’é‘g by
an Internet Service Provider (ISP) 126. ISP 126 in turn provides data
conmmuni cat iressiveeelo¢taeal. eleqiomagheticns opieal Sandethebewadigil 4212 SHFARN cat i on
network, now conmonly referred to as the "Internet" 128. Local network 122
and | nt er ne¢prds@gtingtaniouseped eonformation. el ect romagnetic or optical signals
that carry digital data streanms. The signals through the various networks
and the si @8]l sNetwotklinkbn R0 tyipidalli gfhvaled dith ceughnicaimuthiaugh ioosor moer f ace
118, which carry the digital data to and from conputer system 100, are

exenpl ary fefwdsksab ofRf 84te BeWiodse For Efaaip) AtmonglitihE20 mhwpideide @tonidiign

Conput er system 100 can send nessages and receive data, including program

code, 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.
[59] Computer system 100 can send messages and receive data, including program code,
through the network(s), network link 120, and communic'é.tion 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



t hrough the network(s), network [ink 120, and conmunication interface 118.
In the Internet exanple, a server 130 mght transmt a requested code for
an application programthrough Internet 128, ISP 126, |ocal network 122
and conmuni cation interface 118. In accordance wth the invention, one
such downl oaded application provides for the illum nation optim zation of
t he enbodi nent, for exanple. The received code nay be executed by
processor 104 as it is received, and/or stored in storage device 110, or
ot her non-volatile 22 storage for |ater 2@xecution. In this manner,
conput er system 100 may obtain application code in the formof a carrier

wave. [60] drdge hP1284ReEBRkIbE A thisdBRINEL SoBphibd :)98HARD It yRILRlif GhiRE on
apparatus suitable for use with a mask designéd with the aid of the

current inw%@ghpmﬂﬁigﬁﬁﬁﬁgﬁ%9%%§sconprises: - a radiation system Ex, IL,

for supplying a projection beam PB of radiation. In this particular case,
the radi ati syst | so.c i ses radi ation source LA a first object
tabl e (masKoPho o8 TRrChT B e ADR e i Eehh aRaToy bttt fghls Fraef Wifon
(e.g., areticle),. %%F connected to first positjoning neans for accurately
posi ti oni nd* TH% gl Wik lrerdtgidbe Suter PRRD. The SPREGUSTITREREE 1 ( abl o
(substrate table) WI provided wth a substrate holder for holding a
substrate W (e.g. 2 radigtiog;systemdan db. SF sprpdyinga Pedijction hgamdith ek rdutien I8 deipnd
positioning means for accurately positioning the substrate with respect to
item PL; - prartgnby ewei tbarahaiioasy{iethelse tpmprisese. rediatica soafoedet;i ve, catoptric
or catadioptric optical system for imaging an irradi ated portion of the
mask MA onto a tar fjst olgeatttatde (askealge), MT poonidddsiitiga aonsk helderdbehaldiag h nakk t he
substrate W

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.

[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



[61] As depicted herein, the apparatus is of a transm ssive type (Le., has
a transm ssive nmask). However, in general, it may also be of a reflective
type, for exanple (with a reflective mask). Alternatively, the apparatus
may enpl oy another kind of patterning neans as an alternative to the use
of a mask; exanples include a programmble mnor array or LCD matrix. [62]
The source LA (e.g., a nercury lanp or exciner |aser) produces a beam of

radiation. This beamis fed into an illumnation system (illumnator) IL,
either directly or after having 23 travegsed conditioning neans, such as a
beam expander Ex, for exanple. The illumnator IL may conprise adjusting

means AM for setting.the outer and/or. inner r.,ad
Tororred 1 g ontrentafirgt R Yol dShrlRE0 T o SRl The BN .

distribution in the beam In addifion, it wll neral |l y.conprjse vari ous
ot her conp&ﬁ@ﬁ?@?n¥ﬁgam5§ggﬁmﬁ Fﬁ?@%ﬂ%ﬂogﬁﬁmgﬁgdWHﬁﬁ%gﬁeg%PgIn this
way, the beam PB inpinging on the nmask MA has a desired uniformty and
intensity @osmmomyraferredtn as ooutar 8¢ odarer sppeciwly) of thesinisnsity Beripgiosdnwi t h
regard to Fig. 10 that the source LA may be within the housing of the

| i t hogr aphitte: Heamj Bciddiionaip pdll génesallyasmipsisofdrens bther cagmneftesutiha aour ce LA
is a mercury lanp, for exanple), but that it nay also be renote fromthe

| i t hogr aphiedstof BEridcondPiR@f @OUE: thisheay, dibaih @B iagaupiidial the mapk MAUkas
being led into the apparatus (e.g., with the aid of suitable directing

mrrors); bRksrdddhifBimiscaRahietsilySiffib@bnlilds 6RSEsdhen the source LA is an
excimer |aser (e.g., based on KfrF, ArF or F2 lasing). The current invention

s R e AT R T
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 mitrors); 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
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



MI. Having traversed the mask MA, the beam PB passes through the Iens PL,
whi ch focuses the beam PB onto a target portion C of the substrate W Wth
the aid of the second positioning nmeans (and interferonmetric measuring
nmeans |IF), the substrate table WI can be noved accurately, e.g., so as to
position different target portions Cin the path of the beam PB.

Simlarly, the first positioning nmeans can be used to accurately position
the mask MA with respect to the path of the beam PB, e.g., after

mechani cal retrieval of the mask MA frompga mask |ibrary, or during a scan.
I n general, novenent of the object tables MI, W will be realized wth the

aidof a ' &s{tf?)!ﬁ g?"l&%}k?ar ?18%&%01 9%}%%&%@5@% ?@‘ﬂ{o%ve% E&thgkés%?a modul e

24 (flne 03| onn are not e ICit depicte
However, in the cas

Too) e %S{egmriawpﬁaiﬁv*ﬂas erpardBEE B R %%gﬁgm S °°% el

or may be fi xed. i The depicted to can be used in two dlfferent nodes:
- In step ipEhort ﬁﬁ@RmPEBFEmNE e‘ﬁept essentlally stationary, and an
entire mask inmge is projected in one go (i.e., a single "flash") onto a
target por{§30n &he denictadivef pamte usabineworliierenthedesshi fted in the x and/or y
directions so that a different target portion C can be irradiated by the
beam PB; - |n se&nsiapdedecths emsk aitly Mhis keptresssutiatlarstasioapp) dnskan enticepeskt hat
a given target portion Cis not exposed in a single "flash". Instead, the
mask t abl eirMigeiis propacaddl ie ohe1ga (igd.,\wesinglel i flasb )i oo 4 tahget portioald. te Sw@ohale table
direction", e.g., the y direction) with a speed v, so that the projection
beam PB i s WRus 8@n shife@an By erand/oigsdirdciogeso €ane Wiffasid tirget pertisn TS tanabe

table W is sinultaneously noved in the sane or opposite direction at a
speed V = Modiditn WYhE 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 simultancously 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 pbrtion C can be exposed, without having to compromise on resolution.

[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.



Mis the magnification of the lens PL (typically, M= 1/4 or 1/5). In this
manner, a relatively Jlarge 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 is to be clearly understood that
the sane is by way of illustration anddxanple only and is not to be taken
by way of limtation, the scope of the present invention being limted only
by the &g%ns of Ee appended clains. 25 Wat is Cainmed Is: 1. A nethod
of gene Fﬁén@BW% enentary masks based on a target pattern having features
to be inmaged on a substrate, said conplenentary masks for use in a

mul ti pl e-exposure |ithographic inaging process, said nethod conprising the
steps of: defining an initial H nmask corresponding to said target pattern
def i ni nl Amethedtof genevating sRmplsmeagponaTkn §ased 08 gitereetnagemn hying deafires to be
identifying horizontal critical features in said H mask, said horizontal
criti calmdgedbun esbstra@yiantccanpiénagntaryiriasks fosudeds ¢ mlaplc-gxpsergditieagmanhed
critical width; identifying vertical critical features in said V-mask, said
verti calmagirgtprogks, kddmatiesl doawptisigg e swipdbh whi ch is |l ess than a
predetermned critical width; assigning a first phase shift and a first
percent age tJFRSIE H5hieAl B MBREGrddpsidoahidadrgti paabm; f eat ures, said

hori zontal features to be formed in said Hmask so as to exhibit said first

phase  shi ftyanthSalifiihl V3lasR 86 FQPSRGE HblsAAIM:8a08m, assi gni ng a second
phase shift and a second percentage transm ssion to said vertical critical

features, s -id&m\fgl%g hS @ ont AhiHLE BoahPesif s£i@ B Baid b o¥itdTRiHcad RoaftSest O

exhi bit said sec

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;

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,

applying horizontal scattering bars in said H-mask that extend parallel to edges of certain
of said horizontal features; and

applying vertical scattering bars in said V-mask that extend parallel to edges of certain of

said vertical features.



phase shift and said second percentage transm ssion; applying horizontal
scattering bars in said Hnmsk that extend parallel to edges of certain of
said horizontal features; and applying vertical scattering bars in said
V-mask that extend parallel to edges of certain of said vertical features.
26 2. A nethod of generating conpl emetft ary masks according to claim1,
further conprising assigning chrome to all non-critical features in said

H mask and sai -mask, said non-critical .eat u i i which is
gr eat er 2 t“gﬁ?‘?ﬁ}?ﬁ ogéﬂ}ffal%‘t“é compleMSPlenenaikt Ak crfj lgga fot {1%%1 p\%le( Ilct}{}% C&g%ldf%w
non-critical features to be forned in said H mask sajd M-mask. .utilizin
chr ore. assignmeRBfaRRso il ngBEF if‘??ﬂ"‘r‘ést)‘HﬁF‘lgr’Fgmﬂélf @Ww%kﬁﬂl 998 ai m 2,g
wherein said first phase shift and said second phase shift are q%gﬁ and
sai d fi festurgsdariageagdhrhisisiicsaics thag wg e i %@craﬁ%?tef@é?%%laﬂgé‘”@tﬁa i ssi on
are equal . 4. A nethod of generating conplenentary masks according to claim
2, furt hercutgabfertsiasde bhformed mpsidd-magh phd saityV onesstilisinE eh@imsg to verti cal
edges of features in said Hmask; and applying the horizontal scattering
bars to said Hmask after applying the chrome shielding. 5. A nethod of
generating conplenentary masks according to claim?2, further conprising the
st eps of: A aRBloYiofgercRitBERoSPicalciangmbsks hesording toad]aietly eehendin §adfist plssé N sai d
V-mask; and applying the vertical scattering bars to said V-mask after

appl yi nghithgq 64 QIBnFPHasE SHift Gre cqual, and said first percentage transmission and said second

percentage transmission are equal.

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

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

applying the horizontal scattering bars to said H-mask after applying the chrome

shielding.

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 the vertical scattering bars to said V-mask after applying the chrome shielding.

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



6. A conputer program product for controlling a conputer conprising a
recordi ng nmedium readable by the conputer, neans recorded on the recording
medi um for directing the conputer to performa process of generating files
representing conplenentary nasks based on a target 27 pattern having
features to be imaged on a substrate, “ai d conpl ementary nmasks for use in a
mul ti pl e-exposure |ithographic inmagi ng process, the process conprising the

t f: defini init.ial [ i tt ;
cur T ol O LA B TR GRPOMAR0, AL G apt ferr
idenpif iP% horizonhgé crLiLcaL featurqﬁ in said Fkngsﬁﬁ E@édfhorizonta
criti calPU Lt erpasure HROEREMS IMARRGHPIRRFSEN T BIOPES SOPRANNS S PERE er mi ned

critical width; identifying vertical critical features in said V-mask, said

vertical cridstEins andnifiahldanask 6omepanding QemdMEEtPIED ess t han a
predetermned critical wdth; assigning a first phase shift and a first

per cent age tddining angnigial Y-onask correspendingioapiddiiget RIEFIS f eat ures, sai d

hori zontal features to be fornmed in said Hmask so as to exhibit said first
phase shi f tidemdymgihdrifdntad critiet fahiresge seid dhowils stid horizengil gniieny fatwescond
phase shift and a second percentage transm ssion to said vertical critical
f eat ur eBavigod @ddewhich & lefsahiny peddtanbised witivaldvidik;, sai d V-mask so as to

exhi bit said second phase shift and said second percentage transm ssion;

appl yi ng horigggyiak vesidhllcitibdl Jedd@esin saidSAinthski-samskriicabdritext femdrepandhg @l t o
edges of certain of said horizontal features; and applying vertical

scat t er j,ngn Qi’ﬂ{cﬁ id RsSftifla MedBSkihdipdriR¥@iagh; paral 1 el to edges of certain of
said vertical teatures.
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;
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;
applying horizontal scattering bars in said H-mask that extend parallel to edges of certain
of said horizontal features; and

applying vertical scattering bars in said V-mask that extend parallel to edges of certain of

said vertical features.

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.



7. A conputer program product according to claim®6, wherein the process
further conprises the step of assigning chrome to all non-critical
features in said Hnmask and said V-mask, said non- critical features having
a wdth which is greater than or equal to said predetermned critica

width, said non-critical features to b® forned in said H mask and said
V-mask utilizing chrome. 28 8. A conputer program product according to
claim7, 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. 9, A conputer, K prqgram pro t. according to, claim?7,
wher ei n8th&OPPYELRSERR ARt %f&ﬂrggrgstg slgnd: Wg?fsﬁéag‘f%a‘pﬂﬁ‘ﬁﬁﬁ %1‘.13‘]‘ yikcs
shielding to vertical edges of features in said H mask; and  applying the
hor i zonsespndphase 8ift gty 9als andpaidirgt narrataRe FrasapssiBiANgispyg seepad PRiceRaze
shi el ding. 10. A conputer program product according to claim?7, further
conpr i stramgntisseonsreparabf  appl yi ng chrone shielding to horizontal edges of
features in said V-nask; and applying the vertical scattering bars to said
V-mask after applying the chrone shielding. 11. A device nmanufacturing

met hod conprising the steps of: (a) providing a substrate that is at |east
parti al $yA copitetorbyram prédRt acebrdirdb ataimrT; shasint thy procesafiathieatomygrixes the
providing a projection beam of radiation using an inaging system (c)
generatypg 4 plurality of mask utilized to endow the projection beamwith a
pattern in its cross-section;

applying chrome shielding to vertical edges of features in said H-mask; and
applying the horizontal scattering bars to said H-mask after applying the chrome

shiclding.

10. A computer program product according to claim 7, further comprising the steps of:
applying chrome shielding to horizontal edges of features in said V-mask; and

applying the vertical scattering bars to said V-mask after applying the chrome shielding.

11. A device manufacturing method comprising the steps of:

(a) providing a substrate that is at least partially covered by a layer of radiation-sensitive
material;

(b) providing a projection beam of radiation using an imaging system,;

(©) generating a plurality of mask utilized to endow the projection beam with a pattern in

its cross-section;



29 (d) projecting the patterned beam of radiation onto a target portion of
the | ayer of radiation-sensitive material, wherein, in step (c), said nmasks
are formed by a nethod conprising the steps of defining an initial H mask
corresponding to a target pattern; defining an initial V-nmask
corresponding to said target pattern; #Hentifying horizontal critical
features in said H mask, said horizontal crltlcal features having a width
which is les

t han . det er nj ned tical
i tical oardPBe e B R RR war b E I}t%sﬁr G pbfEEk kL %Sgr}eﬂserh;\(;?ng a

wi dth which is | ess than_ a predeterm ned i cal h as n|n a first
phase sFﬁdﬂtmaﬁﬁ‘ls&“ﬁr?@?“%é’i‘}%?é‘ﬂ? Afalep (n¥y ’?gﬁ ﬁrethHE?ﬂt]ﬂ} %’6‘? ﬁ?lgllglﬂsé?g tical

features, said horizontal features to be formed in said Hmask so as to
exhi bi tths:éiﬁtﬁspfir st phase shift and said first percentage transni ssion;
assigning a second phase shift and a second percentage transm ssion to said
vertical crdefiniad arfietialHgnask sairespoeding e tafgshpaiiess to be forned in said
V-mask so as to exhibit said second phase shift and said second percentage
t ransm ssi ondefainy an inJiahGrmaskrbaéspsoding Brdaniatget matiern; sai d H mask t hat
extend parallel to edges of certain of said horizontal features; and

appl yi ng ver {degidyingGatik@ftilrgtiba féanirss idabid Nntmi kaidhatizendlendcpdealrtel t o
edges of certain o said vertical features. 12. A device manufacturing

met hod pacer divifin mm@lh@le@@ thin 2 pREEEIMIn&L @RicbCYidimr t her conprises the steps
of assigning chrome to all non-critical features in said Hmask and said
V-mask, sai dldentlfymg vertical cn‘ucal 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;
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;
applying horizontal scattering bars in said H-mask that extend parallel to edges of certain
of said horizontal features; and

applying vertical scattering bars in said V-mask that extend parallel to edges of certain of

said vertical features.

12. A device manufacturing method according to claim 11, wherein step (c) further comprises
the steps 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



non-critical features having a width which is greater than or equal to said
predeterm ned critical 30 wi dth, said non-critical features to be forned
in said Hmsk and said V-mask utilizing chrome. 13. A device

manuf act uri ng nmet hod according to claim 12, wherein said first phase shift
and said second phase shift are equal30 and said first percentage

transm ssion and said second percentage transm ssion are equal. 14. A

devi ce manufact uri n t hod accaordi to er.ei te furthe
conpr i s&dthpaidog e lcﬁ?a“éfﬁiﬂo%eﬁém&eﬂa{ﬂ fd i:ﬁfné%,t{]ﬂnﬁﬁa o\%\%aglf \(’tg%ﬁmgec g%]%lé’of
features in said H nmsk; and applying the horizontal scattering bars to

said Hnmask after applying the chrone shielding. 15. A device
manuf acturi ng according to claim 12, wherein step (c) further caonprises the

steps ©3-A dpiteymanylashiringenehgdecapmmette clabr | 2.0rheatin sdd &st ghase ghiftaod saif

sai d V-mask; and applying the vertical scattering bars to said V-mask after
app! yi neechixkplese shift astigebldaniggaid £t pefcentagh bansofissioneapidrsgidseontl @ercediags i si ng
the steps of: defining a target pattern to be imaged on said substrate;
def i ni Nga@midsiintdrabquat. mask corresponding to said target pattern; defining
an initial V-mask corresponding to said target pattern; identifying
horizontal critical features in said Hmsk, said horizontal critical
features having a width which is less than a predeternmined critical w dth;

31 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 the horizontal scattering bars to said H-mask after épplying the chrome

shielding.

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 the vertical scattering bars 1o said V-mask after applying the chrome shielding.

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;
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;



identifying vertical critical features in said V-mask, said vertica
critical features having a width which is |less 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 st as to exhibit said first phase
shift and said first percentage transm ssion; assigning a second phase

shift and a secaond percent ransm ssion .t i i it

Foaturos: salderereararEnr e Eutes T Drme SR Il Bl bRy
exhibit sajd, second hase .shi ft and. sai d second percentage transm ssion;
applyinﬁ“ﬁ%“ﬁ? ﬁ?g?”?@%&P@p?ﬁﬁnﬂﬁﬁguFﬁeﬁéﬁﬁ H mask that extend parallel to
edges of certain of_ said horjizontal features; applying vert.ical sc%@tering
bars in sai desvigriagR firsiphase,shidhanddirg) neajentage Bappaussyin te spif JeHzqptal cals
vertical features; inmaging said Hmsk utilizing a first source

i 1| umi nEeatuees; sachlprizontalfeatyres 4 be farmed o said Himesk ge as oexbiby sgigdirgghase
illumnation. 17. A nethod of inaging a wafer according to claim 16,

furt herslifiapd sa8d figt pgsintpgemgnohisooe to all non-critical features in said
H mask and said V-mask, said non-critical features having a wdth which is

great er t hanaseign@gdakcond pEase dhifr @deatsecond petteninid fratmisiomtth said aéidcal
non-critical features to be fornmed in said Hnmask and sai d V-nask

utili zi fgiaMeaiiEs; shit vefidiBdangesab bl MRgied th iRk 36 GO Tokxhdif Riddeddnd 17,
wherein said first phase shift and said second phase shift are equal, and

said fi lﬁ%e %ﬁ%ﬁ@éﬁ&c&ﬁcﬁ%@nﬁ%%m%@siéﬁi d second percentage transm ssion
are eq :
applying horizontal scattering bars in said H-mask that extend parallel to edges of certain
of said horizontal features;
applying vertical scattering bars in said V-mask that extend parallel to edges of certain of
said vertical features;

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 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 claim17, further conprising
the steps of applying chrone shielding to vertical edges of features in
said H mask; and applying the horizontal scattering bars to said H mask
after applylng the chrone shielding. 20. A nethod of inmaging a wafer
according to claim17, further conpr|s3%g the steps of: applying chrone
shielding to horizontal edges of features in said V-nmask; and applying the
vertical scattering bars to said V-mask after applying the chrone
shielding. 21. A method of imaging a wafer according to claim 16, wherein

said first soyrce 1|l un nati nd sa source. il um nation are
di pol e 17-14umeHRobHeasinga W%ﬁ‘*ﬁ%ﬂ”ﬂ%&‘g&f’ iaﬁ'ﬂa lg‘rtger\/@fré’f“s'&é@bers&‘fpﬁﬁ to claim
16, wherein said first source illumnation is a dipale |IIuH1nat|on and

sai d second swlyiegchrpmgshipldingds vedical edass-oifersies iny SF‘L‘]‘rﬁ[ HweksRd 23, A net hod
of imaging a wafer according to claim22, wherein said second source
i |1 um nat i onappl¥ngihe hofizcQuASHReting bars Heseibhi-reask afierapalying the shremei on.

shielding.

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 the vertical scattering bars to said V-mask after applying the chrome shielding.

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.



