Met hod And Apparatus For Perform ng Dark Field Double Dipole Lithography
(DDL) CLAIMOF PRIORITY [001] This patent application, and any patent(s)
issuing therefrom clains priority to U S. provisional patent application
nunber 60/ 789,560, filed on April 6, 2006, entitled "Method For Perform ng
Dark Field Double Dipole Lithography (DDL)", which is incorporated herein
by reference inits entirety. Field O The Invention [002] The present

i nvention provides a novel process for form ng masks for use in double

di pole lithography, and nore specifically, a nmethod for form ng nmasks for

use in daMetheddAdudApplimatus Foirt Pepferining' Derade Field DoublenDipote
present invention relates to a ﬁ‘ﬂ!ﬁﬁ gﬁgﬁjm hng nmethod using a

| i t hographi ¢ apparatus conpri si 3 L I mtem for providing a

proj ection beam of radiation; a mask table for holding a reticle, serving

t o patteamM OF PRI ALY on beam a substrate table for holding a substrate;
and a projeciron systemfor projecting the patterned projection beamonto a
target portion of the substrate. Background O The I|nvention [003]

Li t hogt08phi Bhippas¢rs epplivatierp gad anupat¢rniGpissying tiarefromy sleiins rinrity sakhl. provisionahe
manuf acture of integrated circuits (1Cs). In such a case, the mask contains

a ci r cpstdnt ppyilicetion rammtree SYGRABOHW fHlaal @nA prillred 2006] entitiddavethaf FdriPerfbfsingidrk hi s
pattern can be inaged onto a target portion (e.g. conprising one or nore

di es) PBldDsBRSDIpBlithdblapbPDDBS eWhich Mihcdipsralk BBreaPe R¥ertdelin fs é@uap. of
radi ation-sensitive material (resist). In general, a single wafer w |
contain a whole network of adjacent target portions that are successively
irradiated via the projection system one at a tine. In one type of

| it hographic projection 1 apparatus, each target portion is irradi ated by

exposi fD ire.mask pattern onto the target portion in one go; such an
appar & 100 eferred to as a wafer stepper. In an alternative
appar at us -

[002] The present invention provides a novel process for forming masks for use in double dipole
lithography, and more specifically, a method for forming masks for use in dark field double dipole
lithography process. In addition, the present invention relates to a device manufacturing method using a
lithographic apparatus comprising a radiation system for providing a projection beam of radiation; a
mask table for holding a reticle, serving to pattern the projection beam; a substrate table for holding a
substrate; and a projection system for projecting the patterned projection beam onto a target portion of

the substrate.

Background Of The Invention

[003] Lithographic projection apparatus (tools) can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the mask contains 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 dies) 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
1



commonly referred to as a step-and-scan apparatus - each target portion is
irradi ated by progressively scanning the mask pattern under the projection
beamin 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 systemw || have a
magni fication factor M (generally < 1), the speed V at which the substrate
table is scanned will be a factor Mtinmes that at which the nmask table is

s canned@ppardis, eadhrifrgetporiioniswiradiatedaexposiog tietent e mpshi retteppatathe sarget phigios in
descri bed can be gl eaned, for exanple, fromUS 6,046,792, incorporated

her ei n oby go;sher @rapparafud Gelfoniman|peefefrattows b ngfgseppasinusi algrmtive sgpacpaphi ¢
proj ection apparatus, a mask pattern is imged onto a substrate that is at
| east pafmbdodly rgfefrod &7 £ Sp-andlR¥ie ippafatisadi ath @Rges poioh iisieradteaibly ProgdrésSiveSt ) -
Prior to this imging step, the substrate may undergo various procedures,

such a Mg { \ t . e n
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substrate to ot procedures, as a post-exposu

bake (R eye| n hard bake and surepent /i.nspection.of. the
mmged aredtnf 45 SFhoyR A8k in MG ARATRA BT L ahPREEH O P hsdebErn an
i ndi vidual .| ayer .of a device, e.g,,.an |IC. Sych.a patterned ay y then
under g8™&rt 8 ra&ﬁﬁ%a@?@eog %Wﬂb@lléﬁaaﬁiaﬁ&gnﬁffﬁtl%%ﬁaﬁ%@aeaﬁa%a35%6%3%41 v
metal | i zation, oxidatjion, chenop-nmechanical polishing, etc., all intended to
fi ni shabwhich gheisubstipretable 1§ seprned will b @fagten M timgy has apwbich dipunaskdable seeannge
whol e procedure, or a variant thereof, wll have to be repeated for each new
| ayer . Mivemtfomiatipn waith ragardito lithogiephic appawityd asthercpleesibet cambe glearsdofot exapmmple,
(wafer). These devices are then separated fromone another by a technique
such asrofi O BE46)793 dnéogoratbh el Byeeferdrie. i ndi vi dual devices can be nounted
on a carrier, connected to pins, etc. Further information regardi ng such

Pr oces$GH] C fa A8nufRQhdh QSingX AMRLAph pREIRA Kus, M BRI is i d
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type het‘(\)/ Ithr1] ima\é\ﬁlg%{ep%{e Es'\ubss%]rgtsetrrrl%tl%dgragp)lvgﬁo se})rllgée%reg,végchoerls prlmi%g, resist coating and a
soft bake. After exposure, the substrate may be subjected to other 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 (wafer). These devices are then
separated from one another by a technique such as dicing or sawing. Thereafer, the individual devices
can be mounted on a carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to Semiconductor

Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN

0-07-067250-4, incorporated herein by reference.



mask tables). In such "nmultiple stage" devices the additional tables may be
used in parallel, or preparatory steps nay be carried out on one or nore
tabl es while one or nore other tables are being used for exposures. Twin
stage lithographic tools are described, for exanple, in US 5,969, 441 and WO
98/ 40791, and incorporated herein by reference. [006] The photolithography
masks referred to above conprise geonetric patterns corresponding to the
circuit conponents tg be integrated onto a silicon wafer. The patterns used
to credi®] g&h%hﬁha@ﬂehlaﬁ@l IMEX HE AR BPe lrAYing MVar fols spbuiaiekles (indor e mere
prograns, this process often being referred to as EDA (el ectronic design
aut orramaélﬁyableﬁbgl such\tmp ipdg sings” oy iceshaadsiationgf taples tiey be nbaddd pawbelger rul es in
order to create functional masks. These rules are set by processing and
desi gn ptdpatatcay stepssmay-oy caeviahqlt@n onelesingre tahlésshitkadnerne nidie othpiatable ade dempased
between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, fsQ@xpssubd. TRaNEtBed INBbgrhfiic folsCddié HesBdC Y cQimple TR UFINI6DA4 1i dHdewact
with one another in an  undesirable way. [007] O course, one of the goals

inint @gﬁﬁﬁ%ﬁ%ﬁd fnﬁéi‘hrara{e@lq{e.}e%?w %@%r'h&e'g o faithfully reproduce the original

circuit design on the wafer e mask). Another goal is to use as much

of the 1 cpnduct waf.er eal. estate as possible. . As the size of .an

it egr ATER IR RHHoRhost g mat Bier R € B Bo TR et ol B B ohg R oce
(critical_dinension? of, its correspandin k pattern approaches tgﬁ

r esol uCiTEHE qamAopenis tohedntegraiqd onfo a3l valer: oldie Patferas hEddp Greps tusomasks are
exposure tool is defined as the mninmumfeature that the exposure tool_can
r epeat eenaated wlivinginAPHeompiter-aidedhdesigal progtamsnthisdirerespoftesy kedngrefeakp tsasr DA
equi pnent often constrains the CD for many advanced I C circuit designs.

[ 008] Feledtivaicndesign astemiatien)d dMash CACprogranssolior a satef preadgiesninpd déstgnmales &1 afler
sem conduct or devices, the design rule shrink rate is outpacing the

progr ess ciite Bgichoefl niabies. EPheRsSHules a%éﬁbﬁﬂ@téﬁsih?dh@ﬂés@gh lafidatichkeF adikamnplerent
of high Nunerical Aperture (NA) |lenses. This factor has presented a

e 288 AR e M o Bt
interconnect lines, so as to ensure that the circuit devices or lines do not interact with one another in an
undesirable way.

[007] Of course, one of the goals in integrated circuit fabrication is to faithfully reproduce the original
circuit design on the wafer (via the mask). Another goal is to use as much of the semiconductor wafer
real estate as possible. As the size of an integrated circuit is reduced and its density increases, however,
the CD (critical dimension) of its corresponding mask pattern approaches the resolution limit of the
optical exposure tool. The resolution for an exposure tool is defined as the minimum feature that the
exposure tool can repeatedly expose on the wafer. The resolution value of present exposure equipment
often constrains the CD for many advanced IC circuit designs.

[008] Furthermore, as the demand continues for even higher performance of semiconductor devices,
the design rule shrink rate is outpacing the progress of both of the exposure wavelength reduction and

the advancement of high Numerical Aperture (NA) lenses. This factor has presented a challenge to

lithographers to push optical lithography beyond the limit that was thought possible a few years ago. As



i s known, Resol ution Enhancenent Techni ques (RETs) have becone indi spensable

inlowkl optical [Ilithography. Strong Of-Axis Illumnation (QAl), which
uses 2-beamimaging with synmetrical Oth and 1st orders in the |ens pupil,
can greatly enhance resolution and contrast. Dipole illumnation is the nost

extrene case of OAl, and is capable of providing better inmaging contrast
with inproved process latitude for very low k1 imaging. [009] Current
techniques utilizing dipole illumnation typically enconpass the use of a

mul ti pl exposur e ocess in ich a fj exposure j.s utili.zed to i age
foat ur bang T afeetph b A eras Tebreed S&H%?YE KB 2 %Pgmf\?‘edp Tenkeeptcs
features) and a second exposure is utilized to image features oriented.in a
secondlithggraplpt | BrongOfEAxisHpminagipn (04D which dseaheamagpginghyith sysatdent ! pahed
by converting the target pattern into, for exanple, two masks having

hor i zoht edderamuithe dersipopil. can igemati penlonss res@sipecanidwehyast. Nipeld ilemimmtige ts thampsr n
is converted in this manner, a y-dipole exposure is utilized to imge the
hor i zoattreycasy o e kdnd Bahpubdse! praviding bittstipagifg expasuyeh irsprotdd pré@ds fadtude
image the vertically oriented features. [010] As known di pol e i magi ng

t echni gerUbi Ik ZRagncl ear field mask, one inportant aspect of double

dipole illumnation is that when i magi ng the horizontally oriented features,
th ' ' 2 : ; 3 ' iel th
verti cloPf GinferRlosAhEG A ER M5 THhnatn B ALk nidas B SN iBRNECE

vertically oriented features are imaged (i.e. he hor.i zont al ri ented
{ eat ur OB ProcRs hrafa e Pimrs Peferdtio B katranERtes i Tisureegon i
maki ng conplications as well as limt the, overall perfornmance of  the
i magi nBotFoakEY grietted epturgsy aid $egeRd exprape isaskilisedtodmage fatuggs ogienise ibdsskARE h
allows for perform ng double dipole lithography utilizing a dark field nmask
so as tligectibn fiienaveicaleosentgl featatdspnbhis saccamedished By comvertio g dhivi tedgei pagiern into,
requi renents necessary when utilizing clear field masks in a doubl e dipole
| i t hogFfaRrRympleaseIsasksthdingiarizofhl ahdeveltitubsientfions) idpedtiveln (et drettarget makme
the foregoing needs, it is one object of the present invention to provide a
is converted in this manner, a y-dipole exposure is utilized to image the horizontally oriented features,
and a x-dipole exposure is utilized to image the vertically oriented features.
[010] As known dipole imaging techniques utilize a clear field mask, one important aspect of double
dipole illumination is that when imaging the horizontally oriented features, the vertically oriented
features must be protected (i.¢., shielded) so the vertically oriented features are not degraded. The
opposite is true when vertically oriented features are imaged (i.e., the horizontally oriented features must
be protected). This shielding requirement can lead to mask making complications as well as limit the
overall performance of the imaging process.
[011] Accordingly, there exists a need for a method which allows for performing double dipole

lithography utilizing a dark field mask so as to eliminate the complications that result from the shielding

requirements necessary when utilizing clear field masks in a double dipole lithography process.



met hod for perform ng dark field double dipole |ithography. As noted above,
by utilizing a dark field in the imging process, it is possible to
elimnate the issues associated with shielding previously i maged features
when utilizing a clear field imagi ng process. [013] More specifically, the
present invention relates to a nethod of generating conplenentary masks for
use in a dark field double dipole imging process. The nethod includes the
steps of identifying a target pattern having a plurality of features,
incIudﬁﬂ@ﬂﬁﬁlﬂ&dﬁ@dﬂlﬂﬂﬂ&wertical features; generating a horizontal mask
based on the target pattern, where the horizontal mask includes | ow contrast
verti cHI2] f manefiod.to Tee terferegting nead, it is@nb objectarittal promekinvertionde proviie ast eps
of optimzing the bias of the low contrast vertical features contained in

t he homiethod f@lperfagking dmdt fRkploubiadipelalitiepraphy.SAS fottdebdvel by ailizadg a dais ReldThe
met hod further includes generating a vertical nmask based on the target

patterhei h€ ploliss, ¥ B Pok GBIk BRHInGR MAsSs hQWEi#LN WidShichid pretbadly { Hres.
The gengsﬁego%pof Eﬁe J%?ticél na?k incfud%s tﬁe s€epswof %%?inizyng he

bi as p%dd%g&%gﬁﬁ@g$§ggggfﬁahq%a%ﬁgg#kgé.contained in the vertical nmask; and

appl yi ng scatter e ver mask. [014] The present invention also

rel ate conput.er,. readabl e .nedi.um confi gure 0. store program

st ulkpoBorcPRalEiy: PR BT THEt e o Weheddh it ORI ABhens masks
the processor to generate files corresponding to conplenentary masks for
use i nfof ugrinia C#arkeﬁ%ld devie dirglegiaging persessy The et ingtudes thprensatiidpatiing he
files includes the steps of identifying a target pattern having a plurality
of f eatangeépattern haviingid plgrahityr o{Zostvesh, ingluding herizoatal frechvartied feagymese generatgga

hori zontal nask based on the target pattern, where the horizontal mask

i ncl udiesridoainl mask Yaeed orv ik targetlpafteraf whers the Hoeizgralenak iuhudet 1dw eornmast vaeivkhl
mask includes the steps of optimzing the bias of the |ow contrast verti cal

f eat ur eaueQN AL Rekritbnt dTehdWiizé MRl Mhsk iNBIades tRNGRRP bR 2GRS bias oPRE fovf 0 t he
hori zontal nask. The generation of the files further includes generating a
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. generation” of the vertical nas

I ncl Ud%saslz. h&esr%&ﬁgd Rlﬁ'thgﬂ%liclﬁ]agsi g%ger%gﬁg z? Lé’j‘rﬁca?fmalsl?g\ésed on the target pattern, where the
vertical mask contains low contrast horizontal features. The generation of the vertical mask includes the
steps of optimizing the bias of low contrast horizontal features contained in the vertical mask; and
applying scatter bars to the vertical mask.
[014] The present invention also relates to a computer readable medium configured to store program
instructions for execution by a processor. The program instructions enable the processor to generate
files corresponding to complementary masks for use in a dark field double dipole imaging process. The
generation of the files includes the steps of identifying a target pattern having a plurality of features,
including horizontal and vertical features; generating a horizontal mask based on the target pattern,
where the horizontal mask includes low contrast vertical features. The generation of the horizontal mask
includes the steps of optimizing the bias of the low contrast vertical features contained in the horizontal

mask; and applying scatter bars to the horizontal mask. The generation of the files further includes

generating a vertical mask based on the target pattern, where the vertical mask contains low contrast



contrast horizontal features contained in the vertical mask; and applying
scatter bars to the vertical mask. [015] Although specific reference nay be
made in this text to the use of the invention in the manufacture of 1GCs, it
shoul d be explicitly understood that the invention has many ot her possible
applications. For exanple, it may be enployed in the manufacture of
integrated optical systenms, guidance and detection patterns for magnetic
dormai n menories, liquid-crystal display panels, thin-film magnetic heads,
etc. The.skilled artisan w.|| reciate that, .in the cqontext .of such

o) ter nigrgttl f5reRs abf Bheugn I EIeR] et st s bzt B of kv
inthis text shoulg be consLd?;ed as being replaced by the nore general
terms SORERhoriQg deaturesconiziped ip dheguarticah mpasks and applipg sqattgiebass toythe Byrtisa) maske
present docunent, the terns "radi ation" and "beanf are used to enconpass al

t ypes 5] efblequghspagtiea ieterenga imay ibs made e thisdexigo thetusaof dicénventien wtthon (e. g.
with a wavel ength of 365, 248, 193, 157 or 126 nm and EUV (extrene

ul t r a- manlfetturead i@y, itohould bg explaiywgndarsvuad ehae thgtihvdnnion has mamgeth&r-pd6sibla) . The
termmask as enployed in this text may be broadly interpreted as referring

t o genggplicatidalHog eRinfile, TERAE bé Baplodéinhike MaRfadtere O fo¥gradd bpi@NR@nisadi at i on
beamwith a patterned cross-section, corresponding to a pattern that is to
be cr eglighch BndPddi@tiBR palQhd foP H‘lagfletﬁhﬁmﬁﬁpﬁ&rﬁ@ﬁ&}, li&ﬁ@—c&ﬁ{amii'shfag‘imné@,'tm{?-'hlmcan
al so be used in this context. Bésides the classic nas transmi ssive or
reflective.. binar - i1l hybr | te, ampl es of ot her such
patter %nf%lbe’“ﬁggér?s%’ %{%c]ﬁq Eggﬁlegégkgiwggﬁgﬁ%ﬁ %atm?nrtﬁg%oggéé)y. Y4 naltg&ngﬁ‘ﬁ e of such
a device is.a matrix-addressabl.e syrface ,haying. a viscqelastic contro)

Cayer | SrmlcaiPrmsers GRS RS tRiorhavaBE or BN oM X SRR e SORHeTEd MpptEat us
i s that ffor exanpl e) addressed areas of the reflective surface reflect

i nci derplacedybix tha snaie senerd tasans "mgsk’, "subiiiatee a8d lamgpesderedreapestizelyef | ect
incident light as undiffracted |ight. Using an appropriate filter, the said
undi f f fG61 eloh thé grasenc docubent, ithet temesd ‘radisticol” atdhbeamf’ lascised thawmmpisallitypgs ofl y
the diffracted |ight behind; in this manner, the beam becones patterned
accor del@rdnaghbiec Rdidties Shorgdinaditevioleofadiaion (eg. it a wavbi@gaadl 558 443%.15The
required matrix addressing can be perforned using suitable electronic neans.

6 or 126 nm) and EUV (extreme ultra-violet radiation, e.g. having a wavelength in the range 5-20 nm).
The term mask as employed in this text may be broadly interpreted as referring to generic
patterning means that can be used to endow an incoming radiation beam with a patterned cross-section,
corresponding to a pattern that is to be created in a target portion of the substrate; the term “light valve”
can also be used in this context. Besides the classic mask (transmissive or reflective; binary, phase-

shifting, hybrid, etc.), examples of other such patterning means include:

a) A programmable mirror array. An example of such a device is a matrix-addressable surface
having a viscoelastic control layer and a reflective surface. The basic principle behind such an apparatus
is that (for example) addressed areas of the reflective surface reflect incident light as diffracted light,
whereas unaddressed areas reflect incident light as undiffracted light. Using an appropriate filter, the
said undiffracted light can be filtered out of the reflected beam, leaving only the diffracted light behind;
in this manner, the beam becomes patterned according to the addressing pattern of the matrix-

addressable surface. The required matrix addressing can be performed using suitable electronic means.
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More information on such mrror arrays can be gl eaned, for exanple, from
United States Patents US 5,296,891 and US 5,523,193, which are incorporated
herein by reference. b) A programmable LCD array. An exanple of such a
construction is given in United States Patent US 5,229,872, which is

i ncorporated herein by reference. [017] The nmethod of the present invention
provi des inportant advantages over the prior art. Mst inportantly, by
utilizing a dark field mask in the double dipole inmging process, it is
possi bMere mforglation amsushtnhieror swapssambe pleanedefdr wkaniple Hromh Hinrted Prates Petgsts 1S

i maged features when utilizing a clear field imaging process. [018]

Addi t i 6,286,8adaainit$.§£33.093 twiacipare sieptpornwdindrein by wefetentiecome apparent to those
skilled in the art fromthe followi ng detail ed description of exenplary

enbodi nent s t he e i nventi on 19] The invention itself et her
Wi th furtheP)%ET%%?EmQﬁEE&E@%ﬁ?ﬁé§§xmﬁg g%”ﬂ@?@@?“ﬁﬂﬁ%F%?ﬁ@d“E§”m$g%@?ence
to the following detailed description and the acconpanyi ng draw ngs. Bri ef
Descr i B@@@M%ﬁﬁ%é@rﬂé\hﬁhﬂgywmte@@em|byaequenwst rates nornalized design
rule requirements for the various conponents found in a typically IC

desi gn:a 92 f i

1 um 1 odne bRy ofnd o S“ﬁﬁ‘zf@ 67 plaV el ﬁl?f**’%hé‘o%v% QEr e BT Moy,
45nm to_100n v di ff 022 2a-2f ca re the
pact TRROTA P g fiopf BV Aouisiaipnl® nteioe PRisb PobOBRRe Fi g, 3
illustrates an exenplary |-di mensional mask _gratin [024] Figs. 4a and 4b
il ust F@P@a@%bﬁrﬁﬁl&ﬁ 955913.@66.w@rsa@éd!@g]prsa{oﬂ@y H§a%§§‘éﬁg‘i’fﬁi waewtflrznag areleghilelde
(i.e., <clear field) and a 70nm space (dark field). 7 [025] Figs. 4c and
Fig.AMhm$mwgmm®&e t he correspondi ng aerial images for clear field mask and
dark field nmask associated with the 70nmline (i.e., clear field) and the
70nm sp@iee AdaitilsndliadVahtages ofthg predent anv@ntddn will become apparent to those skilled in the art

from the following detailed description of exemplary embodiments of the present invention.
[019} 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

[020] Fig. 1a illustrates normalized design rule requirements for the various components found in a

typically IC design.

[021] Fig. 1b illustrates the resulting NILS for various illumination conditions for a 45nm half pitch
where mask CD varies from 45nm to 100nm under different k; conditions.

[022] Figs. 2a-2f compare the impact of illumination on clear field and dark field imaging.

[023] Fig. 3 illustrates an exemplary 1-dimensional mask grating.

[024] Figs. 4a and 4b illustrate exemplary the diffraction patterns associated with a 70nm line (i.e.,

clear field) and a 70nm space (dark field).



respectively. [026] Fig. 4e is the respective NLS, mninmmor maxinmm
intensity (Im~~Imax), and the intensity threshold value to print to 70nm
line (clear field) and space (dark field) associated with Fig. 4a and 4b,
respectively. [027] Fig. 5 is an exanple illustrating the nornalized energy
captured by the lens pupil for a line and space for a feature (i.e., line
or trench) having a CD of 70nmat 175nmpitch. [028] Fig. 6 illustrates a
conparison of the resulting aerial inage of an . isolated trench with a single
si ded d%ok Fieg 4g aagFig. 4 illysprateithpysosiseprandinepenal imagesdenglear fiektapsk and sark fisidy
7a illustrates a sinulated aerial imge of a trench utilizing an annul ar

i 11 um Aesk exsocigtedpjth thegnnriinerge; ¢lp@rsf?ql<b)taed theriPna waceddatkdfield)rafdies 4andidb,
doubl e dipole dark field imging process in accordance with the present

i nvent respectiv@3l | Fig. 8 illustrates an exenplary flow chart of a process
for deconposing a target pattern into vertical mask and a horizontal mask
for useost Rigdag i thd RbpbcRUNIIES, diipiadum b hBHABLAIRENEIRY @GO Sddehdntdnsityt he
present invention. [032] Figs. 9a-9) illustrate an exanple of how t he nmasks
are gepgLabrtvatllelth phitd 70h 11E Q€S Sieht) afid gaacé*&darg ﬁaﬁi asSb@ated-Qith Fid!3h bt &5 an
actual exanple of (he layout conversion nmethod of the present 1nvention "and
t he re%#I&%Qa image. [034] Fig. 11 illustrates an exenplary processing
system BF inﬁlenenting t he deconposition nmethod of the present invention.

[ 035] Fi 2 schemati cal. depi gts a |ithographic oj ection ar at us
i ¢ nbleH oF e, S8 i ueBe Fadouplind SRk vanionld & B vl ot and
invention. 8 Detailed Description O The |Invention [036] As explained in
nor e dépase fordedre (i pelifpraitenelharing adi Drehiongt ak Ifénpmisbnt i nventi on
provi des a

[028] Fig. 6 illustrates a comparison of the resulting aerial image of an isolated trench with a single

sided dark field SB slot for rigorous EMF versus a scalar model.

[029] Fig. 7a illustrates a simulated acrial image of a trench utilizing an annular illumination.

[030] Figs. 7b-7e illustrate simulated aerial images of a double dipole dark field imaging process in
accordance with the present invention.

[031] Fig. 8 illustrates an exemplary flow chart of a process for decomposing a target pattern into
vertical mask and a horizontal mask for use with dark field double dipole lithography in accordance with
the present invention.

[032] Figs. 9a-9j illustrate an example of how the masks are generated utilizing the process of Fig. 8.
[033] Fig. 10 illustrates an actual example of the layout conversion method of the present invention
and the resulting image.

[034] Fig. 11 illustrates an exemplary processing system for implementing the decomposition method
of the present invention.

[035] Fig. 12 schematically depicts a lithographic projection apparatus suitable for use with the masks

designed with the aid of the current invention.



met hod and apparatus for performng dark field double dipole |ithography
"DDL". Specifically, the present invention provides a nethod for
deconposing a target pattern into a first mask to be imaged utilizing a
first dipole illumnation (i.e., x-dipole) and a second nmask to be i nmged
utilizing a second dipole illumnation (i,e., y-dipole), where the mask
utilize dark field imaging. Prior to discussing the present invention, a
bri ef discussion of clear field and dark field imaging is provided. [037]

Cl ear Dgtailed DRicripsionddf Eleenlnventisén | i zed with i nmersi on and pol arization, is a

good resol ution enhancenment technique "RET" solution for various imaging
t asks, [086F hAaexpilaimg in gnore BethlY belowethe phsFerred oAMBOBIM A BEhB PRAEHIN RALIYA bldvidBEa
clear field DDL techniques are, for exanple, that it resolves the

scal abinkinby a@ébp@fa’td&tf&bﬁdrfo}mir@daﬁ! £40 H&Hblé&iﬁ&k?ﬁﬂ%&ﬁgﬁ“@d@@cﬁpg%pgﬁﬁi b

features (AF); "allows printing evices using hig tras

il lum Welsk ! I of linear polarization for atterning
devi ceh Srreity o AR SomaRR L Bhoc e o R R S b b debe Pitsey
Referring.to Fig, la,,the nmetal | pitch of an | C design is often utilized as
one of mﬂ%&’gﬁfﬁr&g%ﬂ? gfumlﬂgmf‘%sxﬂg}oﬁé BE@%%CP%“’& fod et uitlizies senduse
the metal 1 pitch of a given design typically defines the density of

i nt egr #PPle Hiugpigaticn (t-ﬁe}"%fﬁ?lleé’ wirae Hierds mbhzq%ak figld impgingnPriprso idiscusing the om a
pitch shrinking perspective. Presently, the back end netal interconnects

pr ocesieseyt mygitioal 4 hrieftdidchssem of cleanfiddd dne Hark tfieldcimaginighs popjled. damascene
integration schene that requires printing small dinmension trenches at very

tight [0V} oblearfieRUBDLOwhIvh chn betgiied Wighmedisaid p3aneiict, 8a Yoddtediinrhe
illumnation, it is a good illumnation choice for inmaging such dense

trench i b I i :
(N L Sl (R T SO i St ZR8Es, (IR ih g a BBB-amolaver, 100

nm ver Ritsanflabd RL6Med Hith UGS g610 DD tnRloh&llue, i hpid ST £ ¥y, Bl esponds

to the numerical aperture an corresponds posur e fgth of

the k. AP R RanRURY peabli A SN Rt b Coflorassiniaires ChBatllsoremen

wafer are closer to a quarter of 9 the exposure wavel ength, which makes dark

field 975t HynE hah campshdpoladllwyiaptiong pashenables prpticatian filinear pplarization for
patterning device structures based on model based layout conversion methods.
[038] Referring to Fig. 1a, the metal 1 pitch of an IC design is often utilized as one of the fundamental
measures for successive device generations because the metal 1 pitch of a given design typically defines
the density of integration and is therefore the dimension that is driven the hardest from a pitch shrinking
perspective. Presently, the back end metal interconnects processing typically utilizes a low-k dielectric
with copper damascene integration scheme that requires printing small dimension trenches at very tight
pitches. Due to the inherent high contrast associated with dipole illumination, it is a good illumination
choice for imaging such dense trenches. Fig. 1b shows the simulated normalized image log slope
(NILS=CD*ILS) “NILS” for 45nm half pitch where mask CD varies from 45 to 100 nm versus different
ki, where k| = 0.5 pitch * NA/A , where NA corresponds to the numerical aperture and A corresponds to

the exposure wavelength of the illumination device. The general trend of Fig. 1b shows that the lower

the k;, the worse the resulting NILS. For the 45nm node, features CD on wafer are closer to a quarter of



good candi date to inprove the NILS (higher NILS corresponds to higher
contrast and therefore better inmaging). It is noted that in Fig. |Ib, for

t he 45nm node even with the nost aggressive "hard" dipole setting with very
smal |l sigma delta between sigma in and sigma out, the NILS is still too | ow
to achieve a robust imaging. Only when dipole imaging is conbined with

| inear polarization is there sufficient contrast for imging at k, near
0.3. [039] Referring to Figs. 2a-2f, in order to conpare the inpact of

i |1 um tackepsusivareleagthy wbtcg makes dask Reldfimaging challgnging. Ansed, dipolerilwainaton is a
nodes were selected for conparison: (1) annular, (2) c-quad (cross- quad)
and ( 3poadi qandidatg to imiprowvei théyNOL 9 chigbkr NI ceiiresponds he highstkcontrasdtiand thetedore battkrc t
the conparison was a binary intensity mask "BIM with 70nmcriti cal

di mensingdgidgdDlt igikotdd/ thaninMig. db, foFtlgsiSnanodsdvetbyisthtie mdsheegiéskive ahdridodipplat t er n
in the lens pupil for clear field (70nm chrone |Iine, 105nm space) and dark

field sdufinwnel&a "small@i%ﬁﬁ‘déné B&Rken §1§1§9ﬁpédd\/s?érﬁ{a OLIF hee NEBY lid dtiMod 1dwiio Rhides

diffraction pattern IS esarre but diffraction order anplitude is
di ff : t.
"o F1 HoatQefing, O %%ﬁgfzﬁt%sd é@ttﬁe%fkb%tarrﬁ Hir AR g

Fig. 2d is t e, resulﬁ“(% a8r|al image intensity of the dark field mask for
each o'Fmt“ﬁé‘ ”i’l"t?ﬁt“ﬁ b U8i 9. 2e shows the corresponding NI LS (normalized
magelog %tp mnimumintensity (Imn) and the threshold value to print

to 70nH3] | ReCR e t@ Kids. 421 HeorienpAHERTE isdmpast of Huminaiign om; 28 fildrd dopki | e

Fig. 2f does the sane for the dark field nask. [040] As is shown, the

x- di pofieldiiinhging,nbiee dhinpnasicindessles werepsscieNiferSompdrisnas { 1) lapmyiat, R)tsetuiad (dresse| ear
field and dark field cases. C-quad has the worst contrast and highest Imn

(i n thgual) ead (3 diphtk g al eyitha®B Naviesitersibnm Thel maskhueilided do cohddot theasmpanidonciasias

due to the fact that only 25%of the first-order diffracted light is

contri Bi-ﬁﬁfgﬂﬁteﬁﬁty' B BIMMETLE7Oha crithdl dimdhde] € D)2 YT Stfm E)ﬁ‘@h IF5gs. Q& @& 2b show
diffracte Ilght is captured for imaging. It is noted hat for the clear

field g—%scﬁff a't't@lgl' %e lPﬁse;ftﬁ {]szr é%ld (751“5%&"0 lt‘h’gI f@jtnhpﬁcé) h ﬂfr)( ﬁeﬁi ose

to 0.3 |nte S|ty eve se req U|re print

target (7§0nm clear bl%Snm chrome), respectively. The resulting first order diffraction pattern is the same, but

the 0™ diffraction order amplitude is different for all three illuminations. Fig. 2c is the resulting aerial
image intensity of the clear field mask for each of the illuminations, and Fig. 2d is the resulting aerial
image intensity of the dark field mask for each of the illuminations. Fig. 2e shows the corresponding
NILS (normalized image log slope), minimum intensity (Imia) and the threshold value to print to 70nm
line for each of the illuminations for the clear field mask, while Fig. 2f does the same for the dark field
mask.

[040] As is shown, the x-dipole illumination provides the best NILS and best 1, in both the clear field
and dark field cases. C-quad has the worst contrast and highest Ly, (in the clear field case, and lowest
I,y in the dark field case) which is due to the fact that only 25% of the first-order diffracted light is
contributing to imaging while for the x-dipole, 50% of the 1* order diffracted light is captured for
imaging. It is noted that for the clear field case, the imaging threshold for all three illuminations is very

close to 0.35 of intensity level, thus the dose required to print to the line CD target should be
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conparabl e. For both clear field and dark field cases, dipole gives the best
image quality while c-quad is the worst of the three. [0411 In order to
under stand the fundanental difference between clear field and dark field

i magi ng under dipole illumnation, it is first necessary to understand the
difference in the respective diffraction patterns. Consider a point on the
source and a 1-D grating (see, Fig. 3) of width (w), pitch (p) and

intensity transmssion (T). This nmask can be expressed as: (x) (1

~IT-)r @zﬁlpa(r@b}e oF e bath c(k;ay fieland dgrkfiqkbeases, dipglegivesghe bﬁsélmm:uglntywaln@fq@a@n of
the msk F {m(x) (L +) d (f, - L) [ pSinc(np)] --,1-T9Ff, where Sis
t he delsttbe Womscefitomthrgs. sin( B) = nk., f, = sin( 0) Oth or der , n=0, f, =0

F (f,) = (1+,1T-)-'"- P + 1 orders, n=1, f, =F (f,) _ (1 +)[sin( p
)~ fo[04B] Mnldadds to mefeddtaranhd fuddimemildibfferanck betvikefrgleat fi€ld ard Hark tfield idRgmg= - - 1
sin(f nw n p [042] From Equation 1, it is clear that for a dark field mask

W th auﬁdei(@fﬂoterlﬁﬁ}ﬁf‘ﬁam 1tt1§‘ﬁrs|t ﬁé&?srar)t t@%n@érrstﬁﬁﬁ the ldi¥eeredBRlih Bt rbdpRctRQidiffraction
diffraction order. Babinet's princilple states that the diffraction pattern

or o PR CEREELA TR te NG bl 20 Bl (L O DY R T R Fnd 2

intensity transmission (T). This mask can be expressed as:

m(x) = (1+ ~T yrect (i—)@ comb (%) - T

For 1D grating  take Fourier  transform of the mask

Fim(x)}=(1+ T )* z (S, - —) [—Smc (nF)] ST (f,) where & is the delia  function
psin( 8} =nd, [, =sin( )

Oth order ,n =0, f, =0= F,(f)=(+ «/F)fi; JT

t1lorders ,n=1,f, = —= F,(f,)::l;(1+\/’1‘"_){sin( %)}—\/T_

Jor BIM  Dark

EquaﬁOl‘l 1 Oth order = X
r
Equation 2 |5t orders = 1—sin( W,
7‘{ P

[042] From Equation 1, it is clear that for a dark field mask with a fixed trench CD, the larger the pitch,
the smaller the 0" diffraction order. Babinet’s principle states that the diffraction pattern of two
complementary masks have the same diffraction pattern except the 0" order. Babinet’s principle can be
written as:

Equation 3 At'fear (fx) + Adﬂri{ (f:) = 5(fr)’
where A is the scalar amplitude , ., =0,6(f ) =1

[043] From Equation 3, the only difference between the clear field mask and the dark field mask is
amplitude of the 0™ diffraction order. The 1% diffractive order has the same amplitude with the opposite

sign.
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where Ais the scalar anplitude f, =0, S(f,) = 1 [043] From Equation 3, the
only difference between the clear field nask and the dark field nmask is
anplitude of the Oth diffraction order. The 1st diffractive order has the
sane anplitude with the opposite sign. 11 for BIMCear O th order =1 - w
Equation 4 P Equation 5 1 st orders = - sin( >w P [044] From Equation 4,
it is evident that for a clear field nmask, the larger the pitch, the | ower
the Oth diffraction order. The above di scussions only consi der one point
fromthe source, but it U; #@Ff&l to understand the exanple in Figs. 4a and
4b which illustrates the’diffraction patterns for a 70nmline (i.e., clear
field) and a  70nm space (daask fi-el at 1:1, 1:1.5 and 1:2 rati os,
respectiﬁépvﬁmﬁbr 1:1 ratio (i.e., "feature width-to-pitch), both clear and
dark fielgdusmes are thelsanes Frofmsh £%5 to 1:2 ratios upward, there is a
significant difference in the OLh diffrAction order anplitude. For exanpl e,
wth the 1:2 ratio; the Oh diffraction order anplitude for the clear field
mask i 048] 6fromijuaor #fit fskeiddarthatftbed dedrarld iR, Bkargél thé pRAL iRNoVEIRE 0
anplitude is 0.33. For the first and second diffractron orders, the

. : ; , ' i | fiield
and da Eran G PACMRE SbaRePReSly BRI WG AR et dhy a1
illust t ' joal i f | .field k and dark
Fiel'a DREOH TuCRBRBROB R PSR i LIRS e S F R mrBlfin B A dIne P s

assune the, use of _an ASML scanner w th Q.93NA and di pole x, 35 degree pole
angl e, clegtdielD gnd 2 20mn sgaca ¢ r%?lﬁhiiet. Yt 1: kgg@ﬂddé faijos, Fespestvg e dior d riliq Ge-»
m ni mum or mexi mumintensity (I n;n/ln ax), and the intensity threshold
val ue featupr wisth-toopitchp hath ¢leps apd farkdield cabes)arehd sapecEroubid 16 thil&) rddios ypsvachn be
seen, not only does |Inmax change nore

there is a significant difference in the 0™ diffraction order amplitude. For example, with the 1:2 ratio;

the 0™ diffraction order amplitude for the clear field mask is 0.67, while for the dark field mask the 0"
diffraction order amplitude is 0.33. For the first and second diffraction orders, the magnitude of the
diffraction order amplitude is the same for clear field and dark field mask with opposite signs.

[045] Fig. 4¢ and Fig. 4d illustrate the corresponding aerial images for clear field mask and dark field
mask, respectively. In the given example, the illumination settings assume the use of an ASML scanner
with 0.93NA and dipole x, 35 degree pole angle, the ¢_out = 0.86 and ¢_in=0.45. Fig. 4e is the
respective NILS, minimum or maximum intensity (Imin/Imax), and the intensity threshold value to print to
70nm line (clear field) and space (dark field). As can be seen, not only does l.x change more
drastically for the dark field mask, but the NILS is also 20-30% lower than the clear field
complementary mask. Therefore, the dark field mask has a higher mask error factor (MEF) which
causes more difficulty for printing and applying OPC.

[046] For dark field imaging, it is important to have sufficient energy to clear up the resist for
patterning trenches which are mainly contributed by o™ diffraction order, even though the 0™ diffraction
order does not contribute to intensity modulation. For partial coherent imaging, the overlaps of each of

the diffraction orders within the NA need to be considered and the energy captured by the lens pupil per
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drastically for the dark field mask, but the NILS is al so 20-30% | ower than
the clear field conplenentary mask. Therefore, the dark field mask has a

hi gher mask error factor (MEF) which causes nore difficulty for printing
and applying OPC. [046] For dark field imaging, it is inmportant to have
sufficient energy to clear up the resist for patterning trenches which are
mai nly contributed by O h diffraction order, even though the 0 h diffraction
or der Fs not contribute to int nS|t uI tion. For partial coherent

i magi nén r4hian BTASF Peghs iy e comptesh T A o Pramess Y eging hearp ed epmgy KEPUHEdd
to be considered and the energ tured by the | ens pupi

di f f r abY thedenspyril fosadins apd spase %‘t)‘r?’pfp targ (i éﬂe ) tﬁegclarha@aaaﬁ&lgof TQrms@trlaﬁnrng
the normalized energy captured by the lens pupil for a line and space for a
f eat ur pitghi. . Gompalingthegormalined kiierpavaptgedbCiheppilGhinchiar thabthmengrgy tiat comes
Conparing the normalized energy captured by the pupil, it is clear that the

ener gy fromahe €01fies order nlinband-renchiaksidemicde buf thére lid HNEX Aerénce e b™ @ifRaction
identical, but there is a 2X difference in Oth diffraction order energy.

This i §rd@ﬂ§he€§ TG i5 8RS tfie tdAgdnsting e t?dﬁ@lhlal)/% catlI)_(/FHaGél!i Eélmmvlﬁas‘ﬁ HRRgH LI ve
mask bias to aIIOM/nDre l'ight/energy to pass t rough VWhen util1zing

cl ear g&k%ogghg ﬁﬁhJ necessary to use _fuII-S|zed scattering

bars ( o ac i'ev& a robust t hrough- pitch process w ndow.

Furt he s, hot ed abo e r.the pitch the higher .the 0.h

it 1 alt47b VR BRI AGE R (el RO S iernPadsien: s Tyfgee! TS

features in the respectlve | ow contrast, qorientation. Further, in cl

field DOowdertnachicsagpbyshthreughapitchprrsser windaw. Fyither, asngipdoheve-tis IWgFHBEuP'tCh

| eaving the print residues. This cannot be done in dark field DDL. However,

i n or therhighgr thadr aliffractien ordpt, ko ifis fesessaryfto pddshmelding dortthe cnildpaltsatungs ipHhgcess,
"dark-field SB" slots, or sub- resolution assist slots can be added during
t he optdspakivelooxtomtrast ogientagat. i FuntheORCEleprfetEBBL., {1846 dfthectatal &gpopure baretriat | C
to apply the dark field SB slot for 45nm node and beyond. Specifically, as

the wi givhy Bt F8BA@&kHout le@&iﬁ%% pHnPfesilled. MBhidoanh@tbeGoRe ResuRIEEIdIDESE. HbRBvdrha

exposure wavel ength, Kirchhoff scalar diffraction theory starts to br eak

down agghel £, iMpRive SR 5F (SR THOs mbMHERS X wbENEbroc &8 QRFLAEd §8” slots, or sub-

resolution assist slots can be added during the optical proximity correction “OPC” process.

[048] It can be problematic to apply the dark field SB slot for 45nm node and beyond. Specifically, as
the width of a dark field SB slot on the 4X reticle becomes less than the exposure wavelength, Kirchhoff
scalar diffraction theory starts to break down and it over predicts SB slot intensity level. Referring to
Fig. 6, which compares the resulting aerial image of an isolated trench with a single sided dark field SB
slot for rigorous EMF (i.e., the model considers the full electromagnetic field when determining the
aerial image) versus scalar model (i.e., a more ideal model, which does not include effects of the full
electromagnetic field), the EMF aerial image indicates that the dark-field SB slot is actually “smaller”
than the scalar theory has predicted. This implies that the SB slots have less optical weight than the
scalar theory predicted. Therefore, a larger sub-resolution dark-field SB slot is less likely to print. The
risk of printing a dark field SB slot increases when the spacing between the main features is smaller.

This limits when to start applying the SB effectively. Fortunately, both rigorous EMF models and scalar
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Fig. 6, which conpares the resulting aerial inmage of an isolated trench with
a single sided dark field SB slot for rigorous EMF (i.e., the nodel
considers the full electromagnetic field when determning the aerial inage)
versus scal ar nodel (i.e., a nore ideal nodel, which does not include
effects of the full electromagnetic field), the EMF aerial image indicates
that the dark-field SB slot is actually "smaller" than the scalar theory
has predicted. This inplies that the SB sl ots have | ess optical weight than
the stafels prepisbihy sypeBpticito applydarkotield SB slair dberefom-itris possiid¢ orpptinvizethe el d
SB slot is less likely to print. The risk of printing a dark field SB sl ot

i ncr eaplesenyineof thhéarkpfymbd 80 sloe titikzing thk desrigorofieaiduins cirsuming scgar moddhi $o
limts when to start applying the SB effectively. Fortunately, both rigorous
EMF noadiiese ande s@ataty mbdel @RlElesulp] £ duasi-rigdreusapprodeh sidhi a3 Hoondwpplayer method is
dark-field SB slot. Therefore, it is possible to optimze the placenent of
t he dafdguiége!l d SB slot utilizing the |l ess rigorous and tine consum ng scal ar
nodel. To achieve nore accurate nodel OPC results, a quasi-rigorous

appr oa : 5 =7 A : i a1 ' - /e
st T B 7 USURE S ) a0 o bR o e Brock B2
process_in, accgrdance w.th t.he present .i.nvention., Fi.g.. 7a pr.ovi des a

Bt aesan RN PRAg el P ey il ot B B e 5P g
perforance conparison with the dark field double dipole inmging, process of
the pr LligrigatioR 78 At foaovifiee Pﬂéorgxavwomwnewlﬂa&ﬁ ﬂé&d#cf%?%gw%%aowraw%f 55nm
and 210nm pitch is being inmaged, and the intensity threshold level is set
to be Bu#9gssnf thepeasentanyeason.vin thhgivaeerpemple, aptenethhavitigea wishly ehiSnonand JPnwr art
approach for printing such small trenches is to apply a positive bias to

t he t r pitathis being bedgedrandrthaningdokity thyeshdld levet Bdet thibg 34%an prdey icd@soltdithe densest
simulation result for annular illumnation with 1.2 NA a out=0.98, a_in

=0. 53. pit¢h. OITHE torvenisraNprid et dpbaiach fdr@rinhiey SRE kel hthet Rao ap@s k ppsig@sbhikOobe
biased to 77nm yet, the NILS value is only 0.82, which is too |ow to be

manuf agryiat for b&%g}inﬁeﬂitﬁ AopRte FRX PRI FIRCERSlatibEteRb I 7 ahIANST Y
| evel fromtwo exposures cannot be rectly
illumination with 1.2 NA, ¢_out=0.98, 6_in =0.53. In order to print the trench to the desired CD, the
mask needs to be biased to 77nm; yet, the NILS value is only 0.82, which is too low to be
manufacturable.
[050] For a double exposure process, relative intensity level from two exposures cannot be directly

summed. However, the dose and photo-acid that is generated from the two exposures are cumulative.

For chemical amplified resist, the photo-acid concentration is given by Eq. 6.

Equation 6: el
H(x,y)= 1= o I(x,y)

From Eq. 6, it can be seen that intensity is a good approximation for photo acid generation and analyzing
double exposure imaging. It is noted that in the following discussion, the illumination settings include
1.2 NA x-dipole and y-dipole where o_out=0.98, o_in =0.53 with y and x linear polarization,

respectively. In accordance with DDI. imaging process of the present invention, in order to print the
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summed. However, the dose and photo-acid that is generated fromthe two
exposures are cunul ative. For chemcal anplified resist, the photo-acid
concentration is given by Eq. 6. Equation 6: "ux.r) H(x,y)~1l-e 0C 1(Xx,Yy)
FromEq. 6, it can be seen that intensity is a good approxi mati on for photo
acid generation and anal yzing double exposure imaging. It is noted that in
the follow ng discussion, the illumnation settings include 1.2 NA x-dipole
and y-di pol e where, a ut— 98, a in =0,.53 th y and _x |Linear polarization,
res pecﬁf@éﬁ?f»h printed i g atie 81k B0l (g Iﬂﬁ"@le?) peedds Fig 7phis ugrddedmpge the
invention, in order to print the 14 sane trench printed in Fig. 7a, first,
the x- @ensBiintheivegical m%ﬁb& felowsrdshy the ylimleexppaipe tl@ h@@é@lt@lanas#ﬁg@, lebgled asraaskh
in the vertical nmask), followed by the y-dipole exposing the horizontal mask
(i.e.,2babél Bd B9 tovees@lve thelsfeash inth&hgrizoita) dirextipesbigv & tlhstritessthe resiilting herial
horizontal direction. Fig. 7e illustrates the resulting aerial inmage of the
combi nimhge iof the contbined ¢ .cdlidoable dipol® dinBgng pREESS AsAlowhaléesiitifg NEISSI|st1i g3oat il LS
is 1.83 at a threshold of 34% which represents approximtely 120%in N LS

conpar geeswbltilaf B4, whidd lraaresaﬁt@ld Froxinakd | ¥ M8 RILPERESIK! With URls§i dnduarFi 9-
7a. [051] Inportantly, the doubl e exposure simulation result illFustrated in

Fig. 7Rk &)F&sts 1ﬁ1?stMeh€Pan'z7§ i magi ng performance) is not only a

function o tical trench si but also as a functlon of the mask 2

a 2?940?9?1,‘@0%%‘%#3@ PhokhabrSe ot aobranal P En'iE Biof SHREB LS o

conbi nati on qf thg)blas from bot h, masks can be used to optim ze the overal
NILS. i STRgRPErormpRse) (SOt paly @ fupedioniof verteal éféﬁﬁhﬂzeei?b'cﬁéﬁﬂ% a fppetjog of s bl e
to keep the vertical trench edge open to allow nore |ight to pass through
(see, Magk2lbidy. Indeadevgriatipns mth@maﬂ@é bing fos thsfy-dipelecapgrurcehusastasiai figant ¢hiange
7c, 7d, and 7e illustrate an exanple of the optim zation process. In the
above mxthmblselting beerslENIL S aAs srdkthe sotbiagtioh dfohdhianirémdeth fragks caiche aed td he
vertical edge in the horizontal mask is negatively biased to 35nm As
not ed, opthRiz&NMhe Sverhll INIES C PRRIreRts FroMeRS fdcythhSin heBRcond exposure, it is possible to keep
the vertical trench edge open to allow more light to pass through (see, Fig. 7d) to help optimize the
NILS of the combined intensity. Figs 7c, 7d, and 7e illustrate an example of the optimization process.
In the above example, the vertical mask is biased to 65nm (see, Fig. 7¢) and the vertical edge in the
horizontal mask is negatively biased to 35nm. As noted, the NILS of the combined intensity is 1.83,
which is about a 120% improvement in NILS, compared with the single exposure baseline. Thus, in
accordance with the present invention the bias associated with each mask can be adjusted in an effort to
optimize the imaging performance. It is noted that in the given example, the NILS is utilized as the
criteria defining imaging performance in the biasing optimization process, however, any other suitable
criteria, such as, for example, DOF, MEF, ILS, NILS, contrast, etc., can be utilized. Moreover, it is also
possible for the optimization process to be such that the bias of both masks are optimized simultaneously
or in a serial manner.

[052] Fig. 8 illustrates an exemplary flow chart of a process for decomposing a target pattern into

vertical mask and a horizontal mask for use with dark field double dipole lithography in accordance with
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which is about a 120% i nprovenent in NILS, conpared with the single exposure
baseline. Thus, in accordance with the present invention the bias
associated with each mask can be adjusted in an effort to optimze the

i mging performance. It is noted that in the given exanple, the NILS is
utilized as the criteria defining inmaging performance in the biasing

optim zati on process, however, any other suitable criteria, such as, for
exanple, DO, MEF, ILS, NLS, contrast, etc., can be utilized. Mreover, it
is als ossi.ble for the optjm zation process to be such that the bias of
bot h ng'%ﬁk!g eSTPRINYEEIPR Fig G thillystaensrgmplg of how shesmaska prergsnereted ufibizng thei g. 8
illustrates an exenplary flow chart of a process for deconposing a target

pat t er BFCRISET Fige Bt Refarrimgionrigrid the firstrstepdn thed proeesi(Ster 90) setowibtain thardisifedeardet
doubl e di pole lithography in accordance with 15 the present invention.

Fi gs. 9altd@j td bd imsgecdorea anleexasybsieatal Thowtdehpatnsisy BE RpeRaaERIne threkihplg] Ng
the process of Fig. 8 Referring to Fig. 8, the first step in the process

(Step @DSII design dabit firmat} bteand @gier QeltabRIGAR forrRAt FRY Da HRishRed ﬂﬁ@gﬁ?éinn@% Farp@f er
or substrate. The target pattern nmay be represented in, for exa g, S

desi gn pekadA ufi Pfel Bl the @karBP¥. O ' MRYecddyDsePBitd tabis) Laf s
th?texgnplaPJ fargef_ %a ternbﬁ?$ﬁ#§%gg?ﬁﬂ? é?%é%ﬁgﬁéﬁ“’hcééfwgiv?ﬁﬁiﬁl
pattern.i C se o vertical an ori zonta sks,
wher e g?r‘é%)gﬁgﬁaﬁégwhé% %%3%37%;?%%‘9?# WG in &g, B comespond i e grmerdionol e on
of the,_ horizontal sk, or mask, Steps 92, 94, 96 and 98 correspond to
t he geH%rr‘%ﬁ“i eyl 0&’%‘2“"\?&7%“#5&?1’5%&%‘&3%Pm{/ﬁ?‘ﬁ%keﬁpqwg}hwwﬁ%ef the peitiral, in
Steps 91 and 92, the bias for the |ow contrast feature of the given nask is
optiniﬂE@kﬂﬁYﬂWﬁkﬂg, for exanple, a suitable sinmulation nodel which operates
to maxi m ze a defined criteria, such as for exanple, but not limted to,
DOF, MHF3] NMoS; speti§caltypint Btapt 91 ®1d92, e biasdir, the lovwSta@irastTdatuef sequweni maskiig,

9b, the bias of the vertical features (i.e., low contrast features in the
H- mask pptahized ogliing, Z(ﬁkahlﬂﬁleh@sdﬂaﬁﬁ%ifnulﬁﬁdﬁ thédell Whichbp&iaBR t@ fax R zS @M hell N
Fig. 9c, the bias of the horizontal features (i.e., low contrast features

In thecheARSkdh & Br Shipk, 66hdt Bintif28 1o/ THSMENRLS, 118, ShRRS:, B2, Aduddin §0F
91, as shown in Fig, 9b, the bias of the vertical features (i.e., low contrast features in the H-mask) are
optimized in the H-mask. Similarly, in Step 92, as shown in Fig. 9¢, the bias of the horizontal features
(i.e., low contrast features in the V-mask) are optimized in the V-mask. Next, in Steps 93 and 94, the
initial external scattering bars and internal scattering bars (which in the case of dark field masks are
slots) are applied to the respective masks, and then the biasing of the low contrast feature of the
respective mask is performed again so as to obtain the final biasing. As such, in Step 93, external and
internal scattering bars are applied to the H-mask as required. The scattering bars can be applied
utilizing any suitable rule based or model based method for applying scattering bars. Then, with the
scattering bars applied to the H-mask design, the bias of the vertical features (i.e., low contrast features
in the H-mask) are again optimized. Fig. 9d illustrates the H-mask after performing Step 93 in
accordance with the given example. Similarly, in Step 94, external and internal scattering bars are
applied to the V-mask as required, and then, with the scattering bars applied to the V-mask design, the

bias of the horizontal features (i.e., low contrast features in the H-mask) are again optimized. Fig. 9
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initial external scattering bars and internal scattering bars (which in the
case of dark field nmasks are slots) are applied to the respective nmasks,
and then the biasing of the |low contrast feature of the respective mask is
performed again so as to obtain the final biasing. As such, in Step 93,
external and internal scattering bars are applied to the H nmask as
required. The scattering bars can be applied utilizing any sui tabl e ruI e
based gr nodel based nethod for applying scattering bars. Then,

scat t eil[umja%ﬁhs Vappik adigr pert qrﬁ%naﬁtﬁ&%{ ingRegPIgANCeHEN P gvepFxqrpRle v@r»ft» elaitep 95,
featuresé ., low contrast features in the H-nmask) are again optim zed.
Fig. othej -mgk psanlkisctedio a-magel JOPA} reatmprts (anyr switakje srodel ORC trratmenicoryibmetdizaii) h
the given exanple. Simlarly, in Step 94, external and internal scattering
bar s anml magipharedhctwaliliyy Wriffestionaghe eeq;ultingd—l—nrasidoftthegivem/bxdm[ﬂh‘fs iBustiated rin ng
bars applied to the V-mask design, the bias of the horizontal features

(i .e., Flgouf camdricamblelieabisRp 95 thé Nemitk B Sililized €Sta®af)hn@ s felidl Z@he Ufiliged iAghel 6
il ustrates the V-nmask after perform ng Step 94 in accordance with the given

exanpl ﬁarkm doubl} ﬁ&@n&a’f_@mg prbGestt TRSK- lha%k%ﬁlﬂhﬁﬁl{a?&ii Jt@lzﬁl#gﬁ’f? ligeRGIhAgALgE Nt

(any suitable nodel” OPC treatnent may be utilized

manuf agt ur a \ T, i S nple is
1 st Pgpirgd of, STl s 9&*#%& R e d“%g%ng%ehm&t%a oA
finalized (Ste and is rea t|||zed|n rk fiel douJe
di pol eswwafﬁrn ebaﬁégf@tmemala trdulifecRSnd ek fﬂﬂ‘t“é%?t‘ﬁ?‘? ﬁyz‘feﬁ!&%ﬂwg pyltiee
illumnation shown in Fig. 9h. Si mIarIy in SteP the V-mask is

subj ectemagkplahagiven exapele is dbstrated i Bigyoe Afterapmeletipnef Siop6+the Yrmaskis may be
utilized) and mask manufacturability verification. The resulting V-mask of

t he gi Viealizest &Stpp 88)iandii$ teady todteatilized iRithe dadly fieldfdoable dippbd iotagong rodeeSt. elbhedé,
the V-mask is finalized (Step 98) and is ready to be utilized in the dark
field deublsallshipatee utilEigg @ xdipole sidumihliton\showR S Figs9il. IHigih il iseatesithi: rdsuiting

the x-dipole illumnation shown in Fig. 9i. Fig. 9] illustrates the
resul tiRgee JriRORuble diftle HRUE: Atifki thﬁ dﬁﬂ@ﬁ@&ﬁ #hdK dn@iighabioprodassk fiel d
H mask and V- mask process. [054] Fig. 10 illustrates an actual exanple of

the | a*@ﬁic ﬁ.ﬂsﬁﬁe%b&% Q)Earﬁ @olﬁﬁ%%‘gﬂ c'oﬂx\/e(?ﬂ&ll ﬂ{éngo%‘i'tﬁe*]ﬁes’éﬁﬁw&n'nﬂﬁ

i mage ren nmpitc target test pattern

nas and the resulting image. Specifically, a 70nm trench at 140nm pitch comb target test pattern was

decomposed into a H-mask and V-mask in accordance with the foregoing process, and the H-mask and
V-mask were illuminated with the y-dipole and x-dipole illumination, respectively. As shown, the
resulting image accurately reproduces the target pattern.

[055] The method of the present invention provides important advantages over the prior art. Most
importantly, by utilizing a dark field mask in the double dipole imaging process, it is possible to
eliminate the issues associated with shielding previously imaged features when utilizing a clear field
imaging process.

[056] Fig. 11 illustrates an exemplary processing system for performing the decomposition process of
the present invention. As illustrated in Fig. 11, an exemplary processing system may contain a
processor 1000 which receives input from an input 1003. Processor 1000 may be a conventional

microprocessor or may be a specially designed processing unit, such as an EEPROM or EPROM or a
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deconposed into a H mask and V-mask in accordance with the foregoing
process, and the Hnmask and V-nmask were illumnated with the y-dipole and
x-di pole illum nation, respectively. As shown, the resulting inage
accurately reproduces the target pattern. [055] The nethod of the present

i nvention provides inportant advantages over the prior art. Most
irrportantly by utilizing a dark field mask in the double dipole imging

process, is possible to elimnate the issues associ at ed W th shi el di ng
previo ed feature utilizing a clear field gi cess
L056] E%%BXatiJIa e be Tait CO s Rl efentions Sk e PUteb e fFpaiche
deconposition process of the present invention. As illustrated in Fig. 11,

an exefiit BPYSCpPIBRERS %@3@9'5‘){‘6'#1“&55?‘ CBREAIOR. Brocpiser HX¥arefebly ralickes siaredi ves
input froman input 1003. Processor 1000 may be a conventional

m cr oppotassksdronoR Oidhy01Feand RepdcliOal | spchiesprgteeals pr mdersém thaméthodssietdiled sbave
EEPROM or EPROM or a 17 fabricated integrated circuit. Input 1003 nay be any

t ype oforde@miposing custtpired DEHsIR acchudancawith thegy&eat idlvendibn SandBtises, infofmaion de a
menory or internet connection. Processor 1000 preferably retrieves stored

pr ot ocRls oM TROVLILORRd3ed1RANM . LOOE, deﬁgﬁibmodags% P60y Iﬁa)t Be HiSphRAEALdiPME

net hods detail ed above for decorrp05| ng custom zed DOEsS 1 n accordance w'th

the pr ?@ﬁ%d'ﬁ@%’r%deﬁ@q %s?rfﬁﬁlchm&ée@%%é)gﬂlﬁggfag%w 1001. The cal cul ated

results (e.g deS|gn) of processor e di splayed on displ ay
1004 a abri n device or nanufac rer. [057]
The. solbaar s DASER ARk i TR AR stbls SR OB e P g,
includin ec tabl code, sed to [ bove descrlbe
met hode’F"ngbﬁé &89 5133 08 wﬁ@rmﬁapémtt fikatieleser "@p@@%&wg@ 9% ataciogscatierag bars”
software code is executabl e by the general - purpose conputer. In operation,
the codéhiareiyradeigs! gatiete Eresafivacaadelistacquiably bisthe genesal queppsorernpyiera In
general - purpose conputer platform At other tines, however, the software
may beogdratioadthatcodd dndrposoblyttheoassociatel! data recomn anpcstd:raﬂwftbim a gmacliahgurpoﬂ:eo t he
appropri ate general - purpose conputer systens. Hence, the
computer platform. At other times, however, the software may be stored at other locations and/or
transported for loading into the appropriate general-purpose computer systems. Hence, the
embodiments discussed above involve one or more software products in the form of one or more
modules of code carried by at least one machine-readable medium. Execution of such code by a
processor of the computer system enables the platform to implement the catalog and/or software

downloading functions, in essentially the manner performed in the embodiments discussed and

illustrated herein.

[058] As used herein, terms such as computer or machine “readable medium” refer to any medium that
participates in providing instructions to a processor 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 any of the storage devices in any
computer(s) operating as one of the server platform, discussed above. Volatile media include dynamic
memory, such as main memory of such a computer platform. Physical transmission media include

coaxial cables; copper wire and fiber optics, including the wires that comprise a bus within a computer
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enbodi nents di scussed above involve one or nore software products in the
formof one or nore nodules of code carried by at |east one
machi ne-r eadabl e medi um Execution of such code by a processor of the
conput er systemenables the platformto inplenent the catal og and/ or
software downl oadi ng functions, in essentially the manner performed in the
enbodi nents di scussed and illustrated herein. [058] As used herein, terns
such as conputer or nmachi ne "readabl e nmediunt' refer. to any nmedi um that

par ti chysteie CarHerieRF teansyIssiag Mediagap kel farp phelectdie or eleptramagngis Benalssgen a
medi um may take many formns, including but not limted to, non-volatile

nedi a, aspybtietarilightiwanca sudhrag thosg genaraied duringaedia freyeancy (RF eand|infraredi(1R) daie| ude,
for exanple, optical or magnetic disks, such as any of the storage devices

i n anycomonpcdtens. s oomen déimsgfasmputer-chddbivemsdia viere fpledh dlodayfordk smpis sefloppy
above. Vol atile nedia include dynamic nenory, such as main nenory of such a
conput gisk, il fixitds disk, Bayisdisia imaghesipes shpotheapigheliOmledidh, a CTRRIOM, B! &8/ other
copper wire and fiber optics, including the wres that conprise a bus within

2, COMPHSRAl ARSI SRonf Al Bt LicRRSFRRLaRs TGy AKE DA 3R af

el ectric or ectromagnetic signals, or ~acousti ves-such as

t hose erated duri ng,hadi ue i d (I dat a :
conmunt CaPrEHESorAsidiRRARE s ROAUMEIHROT L EFASH:ERRANE SphbiPls PP cbin g,
for exanple: a flo di sk,.a flexible disk, hard, di sk, nagnetic tape, any
ot her WQ{EW@H SR N tran%ﬂtﬁaqﬁtamﬁrstraﬁgpnaat%@s %bfﬁﬁscs@rlsn?éfg‘?&ﬁvfh p gagier
commonl y used nedi a such as punch cards, paper tape, any other physical

nedi univavi, ehapyathes masdiyn fige which g cnpitercapread pregrampprgigde and/opdst. ROt any
other nmenory chip or cartridge, a carrier wave transporting data or

i nst r utheseofosms clatohgstep readablk smetliaamgpmrinvolgedsinchrrging ane pemoresagencesrof angor

ot her nmedi um from whi ch a conputer can read progranm ng code and/ or dat a.

Many oford iR&BRtibAY 68 PocecimpuicRecutiondabl e medi a may be involved in carrying
one or nore sequences of one or nore instructions to a processor for

:X ecut {05'9] FiQo8 scht@atickfly gglh'iagﬁtli—t&%%dg&ichﬂﬁﬁie&iﬁ apphraful QGEARNMof ufr Wittetht IDVESs
pparatus suitable for use with the S
designed with the aid of the current invention. The apparatus comprises:
- a radiation system Ex, IL, for supplying a projection beam PB of radiation. In this particular
case, the radiation system also comprises a radiation source LA;
- a first object table (mask table) MT provided with a mask holder for holding a mask 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,
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designed with the aid of the current invention. The apparatus conprises: a
radi ati on system Ex, IL, for supplying a projection beam PB of radiation. In
this particular case, the radiation systemal so conprises a radiation
source LA, a first object table (mask table) MI provided with a nmask hol der
for holding a mask MA (e.g. a reticle), and connected to first positioning
nEans for ?ccurahely positioning the mask with respect to itemPL; a second
obj ect _t substrat.e table) W provided with a substrate hol der for

hol di ng)ﬁﬁ'P Se s féefw(%?- @Ppﬂ?éatwelé 05 URBRISRV YRS IR MISHNE MESHnect ed
to second positioning neans for, accurately positioning the substrate with

r espectlowgversiagemral, & mgy glsedbeiod A refiestieariype. ferrrxampls (with ageflectivamaglek i ve,
catoptric or catadioptric optical system) for imaging an irradi ated portion
of t heAtermktivly, thetapparatua mygtenpdet anotheCkihd .ofj patteomipg insamspsan eltematinerte thei uss pf

of the substrate W 19 [060] As depicted herein, the apparatus is of a

t r ansmh skl exdnygles include a pagranthitEdo sitreSdriag ofBEK) matriklowever, in general, it
may al so be of a reflective type, for exanple (with a reflective mask).

Al t er natsil Y eThe soliR@ 1 20REY. atFcuFR YansiT Rk Qe PGS RE plalth A disSar RaduRINpAudEE 8 BearA S

an alternative to the use of a mask; exanples include a programrable mrror

array gf ra!i’igpor[r%fsi Beamlid %]igty}ﬁ i i'h&t?onl'@st@g‘l' (ggupﬂrrl it d{) ?Hy"éﬁ%%g?épéi{@ ﬁ'navliﬁ%g r

or plasnma di scharge source) produces a beam at’ion. eamis

into ap illymnation system (illumnator) IL, .either directl| r.after

navi ng xR SpRBH R B B Teoeng: UGS CBnAs s 1 Ehr cbistivainaféy 12y
exanple. The illumnator |l nmay conprise adjusting neans AMfaor setting the
out er S9TERSE alise m%ﬁﬁMi%seﬁwgeWﬁn of wngr tpdigl exdeny fcommeyly esfergigfo as
a-inner, respectively) of the intensity distribution in the beam In

addi t i omutdrandvslihnegensrealive)y) of trepniesatyvhistiibuipnon Herbeammpodditos, it sild bergsallan
integrator IN and a condenser CO In this way, the beam PB inpinging on the
mask Moh@ssedal@siotied compdsents §uchanen indégemsi N/ardi Sdontiéistd ©0. Innthistvary, the beam

Cross-section.
PB impinging on the mask MA has a desired uniformity and intensity distribution in its cross-section.
[062] It should be noted with regard to Fig. 12 that the source LA and DOE may be within the 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.
[063] 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,
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[062] It should be noted with regard to Fig. 12 that the source LA and DOE
may be within the housing of the lithographic projection apparatus (as is
often the case when the source LAis a nercury |anp, for exanple), but that
it my also be renote fromthe |ithographic projection apparatus, the

radi ati on beam that it produces being led into the apparatus (e.g. with the
aid of suitable directing mrrors); this latter scenario is often the case
when the source LA is an excinmer |aser (e.g. based on KrF, ArF or F2

| asi ngWV.T withhe realized mithithe,ad of 8 fongricekp medels (¢nvtsh pesitipnipgleand ashertisteke moBg
The beam PB subsequently intercepts the mask MA, which is held on a mask

t abl e (fine pekitiomgg), whizh aresed cxpleitpaddpicdd intFig 1B e Blowererpbstbe sast lof augler steppdrens
PL, which focuses the beam PB onto a target portion C of the substrate W
Wth t(eoppadedio 4 diep-arican tqad)sthe mask tableB iy (@0 e torinet ke (arsior strok TRASdiéH Ng
means | F), the substrate table WI can be noved accurately, e.g. so as to
posi ti gnmsk bd @x@nt target portions Cin the path of the beamPB. Simlarly,
the first positioning nmeans can be used to accurately position the mask MA

W th r@égm’f?%%ﬂc&% tB&thP?EuEJa%IE\?@H?é@Fént frodes: af ter mechanical retrieval of

the ma a mask rary, or during a scan. In general, novenent of

the object tables 20 i .be realiz i.th the aid of a long-stroke
rodul e ( coaatrgft it ol TS Bor BReb i ety Bepitnfls ok Bising)
which are not explicitly depicted in Fig. 12. However, in the se of
waf er BIOKSISENN Opego %5@%&]6? Ba%?qu\éfpa %%F-tgelalﬁnﬁoﬁ"ﬁy syhstatgdahle bnSéhewh%gJ
just be connected to a short stroke actuator, or may be fixed. [064] The
depi ct idhe send/emndiwstignesd that adidergnttpegetepartionod ean be irfadiataddyy thobram PBe mask
table MI is kept essentially stationary, and an entire mask inmage is

proj ect ed i soaremgde, Essentially the suprecscérddriasppliesoercoptahdtargien tpget pootmonCC isTioe
substrate table WI is then shifted in the x and/or y directions so that a

di f f er eposddsin ASIngROFIak N Ifstead)thd thabk 28R} MT &dmbyabldia angadh diButidrY(tRCRrcaltedle,
essentially the same scenario applies, except that a given target portion C

: rS] QO;;‘S\?g{?‘]Hi‘ggﬁzﬁgg’L ?g‘r?]‘th(%iyﬁg}eggfé@gﬁflﬂa;speé@ﬁtsgﬁgﬁ tHelHRojEB R teall i MEaksd fPscaR! €
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.

[065] In addition, the concepts disclosed herein may simulate or mathematically model any generic
imaging system for imaging sub wavelength features, and may be especially useful with emerging
imaging technologies capable of producing wavelengths of an increasingly smaller size. Emerging
technologies already in use include EUV (extreme ultra violet) lithography that is capable of producing
a 193nm wavelength with the use of a ArF laser, and even a 157nm wavelength with the use of a
Fluorine laser. Moreover, EUV lithography is capable of producing wavelengths within a range of 20-
5nm by using a synchrotron or by hitting a material (either solid or a plasma) with high energy electrons

in order to produce photons within this range. Because most materials are absorptive within this range,

illumination may be produced by reflective mirrors with a multi-stack of Molybdenum and Silicon. The
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"scan direction", e.g. the y direction) with a speed v, so that the
projection beam PB is caused to scan over a nmask image; concurrently, the
substrate table WI' i s sinultaneously noved in the sane or opposite
direction at a speed V= M/, in which Mis the magnification of the |ens PL
(typically, M= 1/4 or 1/5). In this manner, a relatively |arge target
portion C can be exposed, w thout having to conprom se on resolution. [065]
In additjon, the concepts disclosed herein nmay sinmulate or nathematically
model aﬁbl-%j@‘rlféwrrer hasadfl yerapirs ahMobbdenpayrdgdilican where fherfhickneseat ¢aele Byering
may be especially useful with energing imaging technol ogi es capabl e of

pr oduciifgenagelengt Heyvensmalieriwryelsagthnglay be peoidhead vsiitfzKrraEﬂﬂwograpgy- Typically, a
technol ogies already in use include EUV (extreme ultra violet) |ithography

t hat i synclapabh & uséd prppclice ag X-ay ¥a@3alkengthy Bineagiokt matédtial tihgbsupeiveht xaradr F

| aser, and even a 157nm wavel ength with the use of a Fluorine |aser.

Mor eov@aveldrghis] 4 thifDgieciNabidbiag Pkl dfines AHuei fEguréawehRINBInh ol & kdlish of ange
of 20- 5nm by using a synchrotron or by hitting a material (either solid or
a pl asg®)oriph (B dtiveResier gy el ectrons in order to produce photons within
this range. BeCause nost materials are absorptive within this range,

thi's range. | absor pti ve wi thin this re

b 5%@%&%"%@% f?egﬁh%éﬁ%qﬁ%&%ﬁ;% 31‘5%‘%%* e 87 R%“gge?l oMbl it
el 17t aK .

v o1 oGRS & By HEF H g eyt HLinage Betpedaarsanmorpousedy MRk e 4y

Typically, a_ synchrotron is used to produce an X-ray wavel ength. Since nost
nat er i Aihographip ¥Breing Ssterts, &8+ Bipseied ferrpagiag on sybsiratep phewthan siliperowsferg

mat eri al defines where features would print (positive resist) or not print
( negat [06€] r ABhasigh cerftii Geclfic dnsbodisantnafiteeipreseat inmbntica tahe bawntwhised, di is obted ed
herein may be used for inmaging on a substrate such as a silicon wafer, it
shal | wat B geks&i @ndnfidiamay beerlbsdiddia@thet titte piithotBdephting $ieh th kpiriaoyestanpigl of
| i t hographic imagi ng systens, e.g., those used for 1maging on substrates

ot her thaRisliésiRGeNBTRE Sresent BRBIdiMeAE AHAREREL RIR BREGED i ArTegiburat s of
the present invention have been disclosed, it is noted
illustrative and not restrictive, the scope of the invention being indicated by the appended claims, and all

changes that come within the meaning and range of equivalency of the claims are therefore intended to

be embraced therein.
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that the present invention may be enbodied in other fornms w thout departing
fromthe spirit or essential characteristics thereof. The present

enbodi ments are therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being indicated by the
appended cl ains, and all changes that conme within the nmeani ng and range of

equi val ency of the clains are therefore intended to be enbraced therein. 22
VWE CLAIM 1. A nethod of generating conplenentary nasks for use in a dark
field WHKIAKNpol e i nagi ng process, said method conprising the steps of
identifying a target pattern having a plurality of features, said plurality

of feat ur esl.chnpthogiofigenchatiigaonipidmeany wwasksi fordse i@ skaTeld GRBRY EhbIE tnabing
hori zontal nask based on said target pattern, said horizontal nmask including

| ow cgmotessshidingaliod @mprisiigdhO&RIAL | on of said horizontal mask conprising
the steps of: optimzing the bias of said | ow contrast features contained in

sai d hori zopémityifiRa ﬁrg&%ﬁtteg%@%lgggggﬁ%% Es)gfeatlafééfsaﬁcfplﬁﬁilig' ct&%zil@%? taéili}%r:lrﬁ%?sé ;|

and generating a vertfc get’ pattlern,

mask qﬂﬂﬁﬁﬁ@fﬁ@\%ﬁ%wigﬁﬂkEaSt features, said generation of said vertica
mask conprising the stepsof: optimzing the bias of |ow contrast features

contained in said v}(]ar ti caL sk; ,applying scatter bars to said vertical
mask. 2. THE"FRVHAMYIZogehrps: faser abrid @rashpattepn, said herizqstal maask insludinglow
field doubl e dipole inmaging process according to claim1, wherein said step
of optSORrast fRturese said gencition oif gaifl borizantal mesk cdraprisingtbe stepeofudes the step of
adjusting the width of the vertical features contained in said horizontal
mask so as to mwaNinmigethe bias el sfid ledcantiastdedtarensamanal ia daidibbHzdntE ghdadk; and
performance. 3. The nethod of generating conplenmentary nmasks for use in a
dark field doublagplglingatfiter BBGidghid horizontal mask; and
generating a vertical mask based on said target pattern, said vertical mask containing low
contrast features, said generation of said vertical mask comprising the steps of:

optimizing the bias of low contrast features contained in said vertical mask;

applying scatter bars to said vertical mask.

2. The method of generating complementary masks for use in a dark field double dipole imaging
process according to claim 1, wherein said step of optimizing the bias of said low contrast features
includes the step of adjusting the width of the vertical features contained in said horizontal mask so as to
maximize a predefined criteria associated with imaging performance.

3. The method of generating complementary masks for use in a dark field double dipole imaging
process according to claim 1, wherein the step of generating a horizontal mask further includes the step
of re-performing the step of optimizing the bias of said low contrast features after the step of applying
said scattering bars to said horizontal mask.

4. The method of generating complementary masks for use in a dark field double dipole

imaging process according to claim 1, wherein the step of generating a horizontal mask further includes

the step of performing model OPC on said horizontal mask.
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process according to claim1l1, wherein the step of generating a horizontal
mask further includes the step of re-performng the step of optim zing the
bias of said | ow contrast features after the step of applying said
scattering bars to said horizontal mask. 4. The nethod of generating

conpl ementary masks for use in a dark field double dipole inmaging process
according to claiml1l, wherein the step of generating a horizontal mask
further includes h tep of perform ng nodel OPC on sai.d horizaontal mask.
23 5. The @tW6F0§§w%rl%cmmﬁtwys for yresinfagfark, ieldidquije dipple imaging
doubl e di pole imaging process according to claim1, wherein said step of
opt i i Ploerys eererding® crimslaiwheregsaidyien elsaptindzing thediasiofshid dess conienseleapresf
adjusting the width of the horizontal features contained in said vertical
mask smchiges the stapzf atdjusting thereiddf ofrikcharizottel featuees sontaimed th said Yerficahgiasigso as to
performance. 6. The nethod of generating conplenentary nasks for use in a
dark f makichigtouifrtdefilied ofiRrih BRRgtiaGd \Aﬁllh(lﬁﬁ@&iga@@&hﬁh&g to claim1, wherein the
step of generating said vertical mask further includes the step of

re-per f or m OOTRNRBOLHF QhedRhE B BpIBAeithS dsRS foR LisSil aliakioNeIA ABLBIB BlpolcSiftfalingS
after the step of applying said scattefing bars to said vertical nmask. 7.
The nme I: | r S f i £ |l e
di pol oPPoreis oo ASEL AR, SRR FIRE =B of R R He s AR o (RS g el 0
a vertigal sk fyrther includes the step, of rformn el OPC on said
Vert caf ematiRrming e siprag opEm e me s oF i o B SiAE e e B i
instructions for execution by a processor, said programinstructions

enabl i Faid 894 mHEH@S?@éWdﬂﬁﬂﬁéﬁéﬁ%&e files corresponding to conplenentary
masks for use in a dark field double dipole inaging process, said generation
of said fil &s Theorprodsif generstmgsompienshtary tiesksifénisaan adarkligdd dgybtetdipale havi ng
a plurality of features, said plurality of features conprising horizonta
and velhdgig prb&st socesling to claim 1, wherein the step of generating a vertical mask further includes the

step of performing model OPC on said vertical mask.

8. A computer readable medium configured to store program instructions for execution by a
processot, said program instructions enabling the processor to generate files corresponding to
complementary masks for use in a dark field double dipole imaging process, said generation of said files
comprising the steps of:

identifying a target pattern having a plurality of features, said plurality of features comprising
horizontal and vertical features,

generating a horizontal mask based on said target pattern, said horizontal mask including low
contrast features, said generation of said horizontal mask comprising the steps of:

optimizing the bias of said low contrast features contained in said horizontal mask; and
applying scatter bars to said horizontal mask; and
generating a vertical mask based on said target pattern, said vertical mask containing low
contrast features, said generation of said vertical mask comprising the steps of:

optimizing the bias of low contrast features contained in said vertical mask;
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generating a horizontal mask based on said target pattern, said horizontal
mask including |low contrast features, said generation of said horizontal
mask conprising the steps of. optim zing the bias of said | ow contrast
features contained in said horizontal mask; and applying scatter bars to
said horizontal mask; and generating a vertical mask based on said target
pattern, said vertical mask containing |ow contrast features, said
generation of said vertical nmask conpri si nlg(; the steps of: optimzing the

bi as of | ow contappking seattasbass te etid aertied masksai d vertical mask; 24 applying
scatter bars to said vertical mask. 9. The conputer readabl e nedi um

accordi ng t% Theaxiomp8ter whadatde medmimdacsomgad claph i8nivhénin saidestdp afoptiofizisgthd blasw
contrast features includes the step of adjusting the width of the vertical
f eat ur efsaidoivabnest featuradhcludsthezaes ¢ adimekg the vadthtod theertial fratirgsrcentaied éd
criteria associated with imagi ng performance. 10. The conputer readabl e

medi UMALESHAhAOMhk ©lRBitdMmBxinhed SleBeftrdd chlchR aQbcidRANIM ihidgind peHBfmaAeAt al
mask further includes the step of re-performng the step of Optim zing the

bi as of sai| - . . ' j
scattering ﬂ)ar@\gtcg&gg%eéP%g?t{lggl%@gﬁsaﬁgé@ﬂgﬂEﬁﬁcﬁg’e‘ggﬁfgﬂ? gér)gt%{ﬁeg%g?ﬂgg%%ﬁ um
accordj ng to, cl ai Wherein the step of .geperati a . horizonta K
Fur t eportianiel fad ShBerdbRdS R A orRy B e e o Ao Sminabf POO A s ol
12. The conputer readable nmedi umaccording to claim8, wherein said step of
opt i ni sanugsteiprsurenafier thy stepsotapplyipecaistscaiaring bags jp gaid hﬂr&fwi@aﬁlﬁe step of
adj usting the width of the horizontal features contained in said vertical
mask so as tl Thedompzisr reageblel seilivavacepidingtp glaim §owhereiadhentemod gpagiatog a
performance. 13. The conputer readabl e nmedi um according to claim8, wherein
t he st hgrizohtatmask fatthergnaaded thovsep ofqeiformiag nfodet OBE oh nail degortddenaskep of
re-performng the step of optim zing the bias of said |ow contrast features
after the steprigfconipatey tdadasia@duarddesidingdo BRIS 8 Whé&rdindaldatdp cf@lptinbisikg the
bias of said low contrast features includes the step of adjusting the width of the horizontal features
contained in said vertical mask so as to maximize a predefined criteria associated with imaging

performance.

13. The computer readable medium according to claim 8, wherein the step of generating said
vertical mask further includes the step of re-performing the step of optimizing the bias of said low
contrast features after the step of applying said scattering bars to said vertical mask.

14. The computer readable medium according to claim 8, wherein the step of generating a
vertical mask further includes the step of performing model OPC on said vertical mask.

15. 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 a radiation system;

(c) using patterning means to endow the projection beam with a pattern in its cross-section;
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14. The conputer readable nediumaccording to claim8, wherein the step of
generating a vertical mask further includes the step of perform ng nodel
OPC on said vertical mask. 15. A device nmanufacturing nmethod conprising the
steps of. (a) providing a substrate that is at |least partially covered by a
| ayer of radiation-sensitive material; (b) providing a projection beam of
radiation using a radiation system (c) using patterning neans to endow the
projection beamw th a pattern in its cross-section; 25 (d) projecting the
patterned bdamioictingie fetternedbram of radiptien onsyp targs p@lftlonwéthedwr opfadiagign-at i on-
sensitive material, wherein the patterning neans of step (c) is generated
usi ng &mmévhmuwdebording toclaiml. 26

wherein the patterning means of step (c) is generated using a method according to claim 1.
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