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processes and equi pnent for photolithography, and
nore particularly relates to a nethod for optimnm zing
the conditions of illumnation of a |ithographic

apparatus. 2) Descrpo8 REFERENBE or Art

Phot ol i t hography is a well-known process for
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applicgtloosoresi st is normal ly applied over a substrate and
then allowed to dry. An exposure tool is utilized to
expose the wafer with the proper

SN 60/706,202 , Filing date 08-05-2005 , entitled Lithography process optimization
via linear superposition of multiple images with single reticle, first named inventor
Michael Matthew Crouse , Hopewell Junction, NY, atty docket ICIS-0261, Confirmation
Number: 8926;

and SN 60/774,382, Filingdate 02-17-2006, entitled Lithography process
optimization, first named inventor Michael Matthew Crouse, Hopewell Junction, NY,
atty docket 1CIS-0261-PSP2, Confirmation Number: 4669,

both which are incorporated herein by reference for all purposes.

Background of Invention
1) Field of the Invention
The invention relates generally to photolithography processes and equipment for
photolithography, and more particularly relates to a method for optimizing the conditions
of illumination of a lithographic apparatus.



geonetrical patterns through a mask by neans of a
source of light or radiation. After exposure, the
wafer is treated to devel op the nmask i mages
transferred to the photosensitive material. These
maski ng patterns are then used to create the device
features of the circuit. A lithographic apparatus is a
machi ne that applies a desired pattern onto a target
portion of a substrate. Lithographic apparatus can be
used, for exanple, in the mnufacture of integrated
circuits (ICs). In that circunstance, a patterning
devi ce r att ning structure), which is
2) Des&l"tpéﬂoﬁ‘aéf?f\hél y"?'é?‘é‘rreg to as a mask or a reticle, nay
be used to generate a circuit pattern correspondi ng
to an individual layer of the IC, and this pattern
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y scanning e pattern
featurgerajtbetircuit.beam in a gi ven direction (the
"scanni ng"-direction) while synchronously scanning the
substrate parallel or anti-parallel to this
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the aperture or
patterrmpgesﬂrmntar&),twplchﬁb ahimmaevelyeelfsrrbdi% aca rinesk or hhnetidié,ghby be
used tcf) genera?e ac rcu& pgttélr}]ocor%ggondlng to an individual layer of the IC, and this
pattern can be imaged onto a target portion (e.g. including part of, one or several dies)
on a substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive material
(resist). In general, a single substrate will contain a network of adjacent target portions
that are successively exposed. Known lithographic apparatus include so-called
steppers, in which each target portion is irradiated by exposing an entire pattern onto
the target portion at once, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through the projection beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel

to this direction.



focuses it on mask 1106 such that the mask 1106 is

evenly illumnated. Wien illum nating beam 1103
passes through mask 1106, inmagi ng beam 1109 is
generated. | maging beam 1109 is projected through

projection | ens 1107 such that the imge of the
pattern on the nmask 1106 is focused onto the resist
1111 over the substrate or wafer 1110. As can be seen

'AUSIH fried didgPSmARe E R ehiOal b3pSd rB?ﬁ@gs islﬂ?fvﬁ‘?n EREL£rAs can

aperture” stop 1101. Because o um nat’i ng
be seemeaghltlsp@sce 310 p[ceemtedjglaﬂ wmgast h‘é)8ot}b1rcbugi1 openisg 10@218hapbrture

sop 1 LA T AR AL R BRTRIR B e

aperturestog! Cedder@eraémmms tdTicas ﬂh@mg'ht frbf thepeiniiel ¥10Mand
that the illumnpation beamis "on" the optical axis.

focusegrieommaskd 1963ushithat the skt E@6dF evanty Habinatast Véien s
lllumlnbﬁ’nd Qéérhfﬁldypés%%?l‘i’r‘éﬁ%h% ﬂgeeg dﬂﬁgng%%'agm b fsrbeenerated

substrate (via the mas to 1 mag
Imaglr‘lgmﬂar@m@ads peyjedtee thrbegh pragaction Iehs1$@71”sudmdlabltrm image of the

peter BRHIEE 44 1185 REEREs U R AB T HABThE S o worer
1110. As@entb@dselmwa Fieen, gearart 1 1Epeaitdlad indhé B@@t@ebf §@¢rture
imate of the limts of pattern printing can

stop 1 ?ﬁb &ﬁO@yS? RéigyllenigRting betar 103 IsGroipeis aj@n%wemi@al axis
dashe?ﬂm%m 10%) ?r%‘r'ﬁiﬁé’@pé ad? 1405?8‘&0%(}%5(9?)%‘@“@0% 4hd rﬁaEP%OG This

wavel ength of the ation use he nuner|
type ofaifieminatien ofethotlés pallside €in-axis §lusiratiema—ke nama lmplylng that the

- : j .const.ant BLogess dependent adj ust nent
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resolution can be inproved in three vvays by
short eni n%ét he exposure wavel ength A, i ncreasi ng
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Si mu eously In
smaller features in the semiconductor manufacturing process has continued unabated,

the limitations of optical lithography that were once accepted have been exceeded
repeatedly.

A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
criterion for resolution R as shown in equation (a):

1R =K1 *ANA (a)

where A is the wavelength of the radiation used, NA is the numerical aperture of
the projection system and k4 is a Rayleigh constant (process dependent adjustment

factor).

It follows from equation (a) that the resolution can be improved in three ways: by

shortening the exposure wavelength A, by increasing the numerical aperture NA or by
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the past and are expected to continue to be pursued in
the future. The performance of a |ithographic
apparatus and its l[imtation nay al so be explained
and characterized with the depth of focus (DOF), which
is generally viewed as one of the nost critical
factors in determning the resolution of the
l'ithographic projection apparatus. The DOF, defined
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Adaitral ivesdriant fespohsés/aleaisGRsathaPp@viddSmbREInsight into the real
m conductor, i ndustry noves into the deep subnicron

diﬁiculﬁ%ﬁﬁ%{%ﬂ e Withabofeltheaphypt t_hsfreé@uﬁ@rhtw iac/ede His @xposure
s [EO0BARDE, ESEAR USSP S8 RS gyt e
(MEERjeEheyaxpisupe titiudd desaipes de pactentayepdasd tangs where e printed

i j t fabricatipn.technol @gy..In order t
o S B R LR SRS R R el 9550 L v
DOF tedeteanimesthe protselvaindowsiod. Uhé esyieRd1anNel® ahd exposure that keep

' S.
the finz:tllergglgg pﬂ%ﬁle within prescribed specifications. As for the DIB, it is a measure of

the size difference between similar features, depending on the pattern density. Finally,
the MEEF describes how mask CD errors are transmitted into substrate CD errors.

As the semiconductor industry moves into the deep submicron regime, the
resolution limit of currently available lithographic techniques is being reached due to a
decrease in the depth of focus, difficulty in the design of projection system and
complexities in the projection system fabrication technology. In order to address this
issue, there have been continued endeavors to develop resolution enhancement
techniques.

Historically, the resolution limit of a lithographic projection apparatus was
optimized by the control of the relative size of the illumination system numerical
aperture (NA). Control of this NA with respect to the projection system's NA allows for

modification of spatial coherence at the mask plane, commonly referred to as partial
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Hi storically, the resolution limt of a |ithographic
proj ection apparatus was optim zed by the control of
the relative size of the illum nation system nuneri cal
aperture (NA). Control of this NAwith respect to the
projection systems NA allows for nodification of
spatial coherence at the mask plane, comonly referred
to as parti al 4 coherence a. This is accorrplished for
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Various other enhancement techniques that have been developed to increase
the resolution and the DOF include optical proximity correction (OPC) of optical
proximity errors (OPE), phase-shift masks (PSM), and sub-resolution assist features
(SRAF). Each technique may be used alone, or in combination with other techniques to
enhance the resolution of the lithographic projection apparatus.

Currently available illumination intensity distributions or arrangements include
small, or low, sigma conventional, annular, quadrupole, and QUASAR, with the
illuminated areas (hereinafter referred to as the aperture(s)). The annular, quadrupole
and QUASAR illumination techniques are examples of off-axis illumination schemes.
Quadrapole lllumination - a light source where light is split through four round openings

located away from the optical axis of an illumination system. Quadrapole illumination is



Vari ous ot her enhancenment techni ques that have been
devel oped to increase the resolution and the DOF

i nclude optical proximty correction (OPC) of optical
proximty errors (OPE), phase-shift masks (PSM, and
sub-resol ution assist features (SRAF). Each techni que
may be used alone, or in conbination with other

techni ques to enhance the resolution of the
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patterns. 6 Summary of the Invention In a first
exanpl e enbodi nent we describe a nethod to design an
optim zed nmulti-exposure process. In a second exanple
enbodi ment we describe a nulti- exposure process that
uses the design of the first enbodinent. In third
exanpl e enbodi nent, we describe a nethod and devi ce
for single exposure process using a conposite
aperture using the results fromthe first exanple
enbodi nent. The first exanple enbodi nent is a method
to optimze the opSufmhary/dfsd RiveRfio® pattern onto
phot oresi st using two or "nore exposure processes
conprising: providing a photonmask design to print a
' r | [ ype -
Oh8 SQESRIp BT, Delesk 85 Aehblh et grapeo
multi-eRpeFerpEopessC 58 Ses0mdy) exafrimsterﬁdddUMrﬁt?N% dFscrtmaCHa friuptR
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first illumnation condition is determned to I nprove
compogtte ppgrtre: Yang Hia @sklts frogethetfifstrereane emtogdimente fir st
type pattern transfer onto the photoresist;
determ ning a second exposure process using a second
illumnation condition that will inprove at |east the

attern fidelit) raneter for the second type
The BEieSamheIe RERoBlBRa f AR SRUEERE BHCHUAIS Y patiern
onto pl&6 ALt ARRTG tWoeor mbREegRBARE pidceysB NG hesifgndi tion is
deternmined to i nprove at | east the
providing a photomask design to print a photoresist pattern with at least a first

type pattern and a second type pattern;

determining a first exposure process using a first illumination condition that will

improve at least a pattern fidelity parameter for the first type pattern;

the first ilumination condition comprises a first aperture;
the first illumination condition is determined to improve at least the pattern
fidelity parameter for the first type pattern transfer onto the

photoresist;

determining a second exposure process using a second illumination condition
that will improve at least the pattern fidelity parameter for the second type

pattern;

the second illumination condition comprises a second aperture;

the second illumination condition is determined to improve at least the
pattern fidelity parameter for the second type pattern transfer onto the

photoresist from the photomask design; then



pattern fidelity paraneter for the second type pattern
transfer onto the photoresist fromthe phot omask
design; then 7 determning a first exposure dose for
the first exposure process and a second exposure dose
for the second exposure process that optimze the
pattern fidelity paraneter for the both the first type
pattern and second type pattern type. A second

ex k: rj ses e hod of the first
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per f or m igoditygShatierA®psd € through the photomask at

the first dose and wwth'the first illumnating

condition; performng a second exposure through the
phot omask at the second dose and wth the second
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a method to nake a conposite aperture design .
and whjgh further coamsises: of a pattern onto photoresist using
one exposure process conprising: providing a
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at least a first type pattern and a second type

tt ; termnin first expqsure process using a
Prodinga Rt aep o forsAdisid e miplomask lepigpaigaed abave the
pabstests; fidelity parameter for the first type pattern;

performing a first exposure through the photomask at the first dose and with the

first illuminating condition;

performing a second exposure through the photomask at the second dose and

with the second illuminating condition.

A third example embodiment is a method to make a composite aperture design
for an optical transfer of a pattern onto photoresist using one exposure process
comprising:

providing a photomask design to print a photoresist pattern with at least a first

type pattern and a second type pattern;

determining a first exposure process using a first illumination condition that

will improve at a pattern fidelity parameter for the first type pattern:

the first illumination condition comprises a first aperture;
the first illumination condition is determined to optimize at least a pattern

fidelity parameter for the first type pattern transfer onto the
photoresist;



the first illumnation condition conprises a first
aperture; the first illumnation condition is
deternmined to optinmze at |least a pattern fidelity
parameter for the first type pattern transfer onto the
photoresist; 8 determi ning a second exposure process
using a second illumnation condition that wl]l

i nprove at |east the pattern fidelity paraneter for

t he ern. the nd ilLlumpnation,. e
conderD e BPeREbRie hi%aETBHS StatlififirafRuon conditon
aper t tiizg vt pilow e ¢aud tieppatterhdidedlyepdithinkeirént the second type
configurations; the second illum nation condition is

det er KPHBW  t 0 optimize at least the pattern fidelity

paraneter for the second type pattern transfer onto _
t he photBr&scend fliummatinn if%/{fst' SRMBELS S SegHaperture; the first

det er m ni g fe fatithe S¥BORHASRE S erd-fffélg { &drilgurations;
exposure proces?g an%l a sec@%d expgsur'e gse rﬁlgPra}lﬁgs’
second exposure process that optimze the pattern

fideli [ er. for the,.both the f.ir tvpe.
pat t ef1f AL Ga e G § defgingdle Hihize at east the
conposi t e ppietrfidelideparamdiyr foptid sedomdithge battérh transfer onto
aperture and second apertures to forma conposite

for

aperture d&% BRCIOERSISIGIMrephriamagk dsgigne dhen
nodul at | ng}it,he rel ative transm ssjion through the

first IGEEMINING afHEt QROSHER 4R ter BetiEstapaRtierdosesssand a

exposur & dgggorNExpcifd BEsEIRARY SBCHIREEXSJHLAY B CkES that
first and second apertures of the conposite aperture
desi gn. optimize the pattern fidelity parameter for the both the first type

pattern and second type pattern type;

making a composite aperture design by combining the first aperture and second

apertures to form a composite aperture design;

designing a modulating means for modulating the relative transmission through
the first aperture and second aperture to allow the first exposure dose and
second exposure dose through the first and second apertures of the

composite aperture design.

The above and below advantages and features are of representative

embodiments only, and are not exhaustive and/or exclusive. They are presented only to

assist in understanding the invention. It should be understood that they are not

representative of all the inventions defined by the claims, to be considered limitations on

the invention as defined by the claims, or limitations on equivalents to the claims. For

instance, some of these advantages may be mutually contradictory, in that they cannot

be simultaneously present in a single embodiment. Similarly, some advantages are

applicable to one aspect of the invention, and inapplicable to others. Furthermore,

certain aspects of the claimed invention have not been discussed herein. However, no

9



The above and bel ow advant ages and features are of
representative enbodinents only, and are not
exhaustive and/or exclusive. They are presented only
to assist in understanding the invention. It should
be understood that they are not representative of al
the inventions defined by the clains, to be considered
limtations on the invention as defined by the

or Iinitatigns on equi valents to the cl ains.

. cl ai. s | . | ;
Inferergeg, ShoUjsbe Arawn sxsrsdinn thpsesdiseirradtnagels re@jiveéo those not
discusBYd Wakdiy ofHin ki Atid ) , i i
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summayrafifeatuses \ahtagesgfeniidnet beappididadedalispositive in

; / i nt | and_inapplicable ,to . others. .
deternfiGHouRaides. ARMARh: e B o RBTaLEaR Srd Pvaraihrvi
becomizaappanentt ib eenfoll bainisGeetribBs®iffom HENENRNing AN from the claims.

i nference shoul d be drawn regardi ng those di scussed
herein relative to those not discussed herein other
than for purposes of space and reducing repetition.
Thus, this summary of features and advantages shoul d
not be considered dispositive in determning
equi val ence. Additional features and advantages of the
invention will becone apparent in the foll ow ng
description, fromthe drawi ngs, and fromthe cl ai ns.
10 Brief Description of the Drawi ngs The features and
advant ages of the exanpl e enbodi nents according to the
present invention will be nore clearly understood from
the followi ng description taken in conjunction with

t he acconpanyi ng drawi ngs in which |ike reference
nuneral s designate simlar or corresponding el enents,
regions and portions and in which: Figure 1 shows a
sinplified diagram of a conventional exposure too
according to the prior art.
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Fi gure 2A shows an about circular contact hole feature
shape according to an exanple enbodi nent of the
invention. Figure 2B shows an elliptical contact hole
feature shape according to an exanple enbodi nent of
the invention. Figure 2C shows |ines at about 90
angl es feature shape according to an exanple

enbodi ment of the invention. Figure 2D shows |ines at
about 45 degrees angles feature shape according to an
exanpl e enbodi rent of the invention. Figure 2E shows

ort hogonal cont acBril@eD@%cfm‘blmrambmmﬁggr ding to an
exanpl e enbodi ment of the invention. Figure 2F shows

non- ort hogonal contact hol es feature shape according

to an exanple enbodinent of the invention. Figure 2G

shows a wi ndow feature that resenbles resist space
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presor} IR B opreP i MRt o i W ol BeSerloin taken n

conjurexenplite tﬁ@b@ébrﬁp@rﬁylﬂ? dkaeing8 ewhichnikefrefiie fce AurhBRINS désignate
phot ograph of an isolated contact and a_highly nested

S'm"argqrcﬁ%reépon@n@ﬁbeswa&fr@@tQﬂSe%nd ortians asd 4 Whight er n was
made using a Conposite Illumnation 11 Optim zed
(using an exanpl e enbodi nent of the invention) to
Figurepk smws petnplifiedfdiagramesf & nosRAtIodeséxposuFs thot ac&lding to the
i)fh'gwé the isolated contact and the highly nested group
ohgated features as shown in figure 21 this tine

FigureQ/egh@s b hbguteci Sutitdaintad okeieatee dhapk laeBbimid @an example
embodiment of the invention.

Figure 2B shows an elliptical contact hole feature shape according to an example
embodiment of the invention.

Figure 2C shows lines at about 90 angles feature shape according to an example
embodiment of the invention.

Figure 2D shows lines at about 45 degrees angles feature shape according to an
example embodiment of the invention.

Figure 2E shows orthogonal contact holes feature shape according to an example
embodiment of the invention.

Figure 2F shows non-orthogonal contact holes feature shape according to an example
embodiment of the invention.

Figure 2G shows a window feature that resembles resist space feature shape according
to an example embodiment of the invention.

Figure 2H shows an island feature that resembles resist line feature shape according to

an example embodiment of the invention.

Figure 21 shows a photograph of an isolated contact and a highly nested group of

elongated features. This resist pattern was made using a Composite Illumination
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with a circular aperture. Figure 2K shows a phot ograph
of Non-orthogonal contacts pattern type according to
an exanpl e enbodi nent of the invention. Figures 3A
and 3B show sinplified schematic representati ons of an
exanpl e of the enbodinment's doubl e exposure Pattern
Fidelity Optimzation Procedure for Miltiple Exposure
Scheme. Figure 4 is a graph of the response of the
kest performance netric (feature), of each given
ARl TR RS ss R o mSRe taa nerGardi snbFpecia
deseracih®RANGdsyran  exanpl e enbodi nent of the
invention. Figure 5 shows the conbination of a
i RN r %|-%r, 9?(2%
Flguremalke a dcg]%g%(gia‘tég %ﬁtﬁdj\g’ tggcordl ﬁ@&tb g the %ﬁ%lrgagét%d features
SRENIVG it Aethis tnetdneate msingta Srandardycorvehtiohaliumination
e Ss using the conposite aperture and a
%@u%gﬁwéﬁa%@ﬁg according to an exanpl e enbodi nent
FiguredK shews avptotagraph bf Boheorthagloaubcantadte patien typé adcording to an

phot ol i t hogr aph rocess With nultiple exposures
S&eBPls ﬁ@‘%SG'”E‘?{%@EQFﬁ)IrB’e@%%di ment of the present

Figures BY€aid 98 shdd dAebifidLechEnstid Ripr&erticnB®r BradRinfole of the
Enbodi nents Sonme exanpl e e

i
_ n‘é)odl_ ments of present
iemastiment peenkle expopivet Rattarn digedibhQptipizatios Pracedure for
Ll S hrough a single photomask to
Mltlgfgng(ggéﬁ%t#@ét | ayer fornmed on a wafer. Sone
Figureekiarepgrapbrdf dlok respbase od thalweakest poefdrmanddesicgit @edture) of each

fg?vrerrq iﬂur%lona |8r§ irr%oede é%%rrthlrjer teyp%? gs gt%grlfcl:t%tni onfgdoré%%%%brding to an
example embodiment of the invention.

Figure 5 shows the combination of a conventional aperture and a quadrupole aperture
to make a composite aperture according to the third example embodiment of the
invention.

Figure 6 shows an exposure process using the composite aperture and a modulating
means according to an example embodiment of the invention.

Figure 7 shows a flowchart of a photolithography process with multiple exposures

according to an example embodiment of the present invention.

12



In a first exanpl e enbodi nent we describe a nethod to
design an optimzed nulti-exposure process. In a
second exanpl e enbodi nent we describe a nulti-
exposure process that uses the design of the first
enbodinment. In third exanple enbodi nent, we describe
a net hod and device for single exposure process using
a conposite aperture using the results fromthe first
exanpl e enbodi ment. 1. First exanple enbodinent - A
met hod to design an optim zed nmulti-exposure process
In a first exanpl e enbodi nent, we describe a nethod to
design an optimzed nulti-exposure process. Figures
3A and 3B show an exanpl e of two exposure process
using t ii i : ' "\f’w ' at
sel ect eggg?él%gq%%zﬁrlﬁgL%ﬂjran?ggéEQge ectégﬁ %g{%gn
fidelity paraneter for both a first pattern type and a
second pattern type. A provide a photomask design to
print a photoresist pattern with at least a first
Stpee prampledbodimeesomnstebyMEnVéntnrbditied PIRbMABSKaphy
design to print a photoresist pattern with at |east a
processs; it mujtinle expAsUESHthipoha st Bhelpprask de pettarn Fpbptoresist
layer f&@RedP8n @NFafeP N type patterns. The type 13 patterns
have features that can be advantageously patterned
Nty examplerembodiments pravidera metinell td desgn @heé form a composite
ign.can be a conmputer rendered design.
apenuﬁ%gﬁ%ﬁ&%@@ r%%%@ﬁ'gn can be used to nmake a phot omask
(e.g., reticle) The photomask design and photonmask
| sq. have first and second type patterns that are
? n gliesiampie smbodimepowsrdascabe papeathogite Hegigaxgeptinized
multi-eXPEs B ORTER T o RELSHS TxaRid BRIbOUMRESt we describe a multi-
exposure process that uses the design of the first embodiment. In third example
embodiment, we describe a method and device for single exposure process using a

composite aperture using the results from the first example embodiment.

I. First example embodiment - A method to design an optimized multi-exposure

process

In a first example embodiment, we describe a method to design an optimized
multi-exposure process. Figures 3A and 3B show an example of two exposure process
using two different illumination conditions and at selected doses that optimize a selected

pattern fidelity parameter for both a first pattern type and a second pattern type.

A. provide a photomask design to print a photoresist pattern with at least a

first type pattern and a second type

We provide a photomask design to print a photoresist pattern with at least a first

type pattern and a second type pattern. There can be one to n type patterns. The type
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The pattern types are groups (or regions) of features

that can be inproved by wusing different illum nation
conditions. Non-limting exanples of features are
lines, line and space arrangenents; contact hol es and

el i pses of various aspect ratios, long trenches
within the resist, L-bar shapes and general 2-D
features, and conbi nations thereof etc. Qher

I ' t f o
ptton@ AR €5l lf L5 SR Ry LYRER PR L9 HisFodiminatr
conditibasit ur e shapes or feature shape types, and/or 3)

t i entations. Exanples of three pattern types
JBRiorBgoKATF3ian &t DRy FaTBH S otdeted fanBas | e Bnothisk
design%%@é’u%foﬂ%al@é‘btpﬁ{ogbrhg% @.&Yétﬁil@)hTﬁé’gﬁbﬁhﬁas(k dtslgn and

| ess than or equal .5, "sem nested pattern type
photomagk alsRhgvefitit andrsecand typekaattases et rretransferred patg a

oo 5581 ARG EB B coret

feature shapes (types) is circular contact holes vs
trench patterns or long stretched contact pattern with
patter iyPe?is | ength. For exanple figure 2A shows an about

TiheGdttain §pREa6E ghalR @P F’eg%)(r%}r(ﬁ f@RuRRANEt &h be improved by

~elliptical contacCt hole. xanple of different feature
using diferent diumimatioareenditionszbandimitingiexamples\oé fedtargs dredisss, line

I | ne r.-20 I y ' S
and spiE ARRHGETEN Y Boh Rl poleS and LIRRLRS | Ahb S rdloct vt G
trenchas withimuthe 96siat) ¢ Hes . shEpgs nad 2fanete \@sD Iféastasesatarabaimbidations
ge rees angles. 14 An exanple of different feature
thereo ?'i%ent ation is non-orthogonal feature orientations

\BRéee 18§ bf Bffefsht PatteAPlypbd at &' Rot@E8 thattardhaVe different 1)
_Figure 2E shows orthogonal
rayleigh constant ranges, 2) feature shapes or feature shape types, and/or 3) feature
orientations.
Examples of three pattern types defined by different Rayleigh contact ranges are:
e a highly nested pattern has a Rayleigh constant ( K,) less than or equal to
0.5;
e semi nested pattern type has a Rayleigh constant ( K1) between 0.5 t0 0.75 ;

o isolated pattern type has a Rayleigh constant ( K4) greater than or = 0.75;

An example of different feature shapes (types) is circular contact holes vs trench
patterns or long stretched contact pattern with various length. For example figure 2A

shows an about circular contact hole and figure 2B shows an elliptical contact hole.

Example of different feature orientations are: horizontal lines, vs vertical lines vs
angled lines (not 0 or 90 degree orientation), such as 45 degree lines. For example
figure 2C shows lines at about 90 angles. Figure 2D shows lines at about 45 degrees

angles.
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contact holes. Figure 2F shows non-orthogonal contact

hol es. Figure 2K shows a photograph of non-orthogonal
contact holes. ((1) Reference Target 2) Non-Otho

Target and 3) Random Contact in Logic |layout). Three
contacts in a randomlogic are shown Figure 2K The

first target is a reference target. The second target

is a pair of contacts, which nost closely approxinated

a 45 orientation. The third target is a sem -isol ated
contact at a random pitch common to | ogic designs.
Nmoéﬂmplenadmeeerﬁffedﬂu’ré erientttidreas noe-csthagenalfeatstaodentations

and w ndow f eat shown in fj ndow
where 285t} BOPS a6 Bbbs he sPae e 8 S EtodHb 2R awei SREoDF
contac®Roles! Rigdrd Qﬁtsﬁbﬁ/srr%ﬁeém{o@%néleédrﬁéctmdi& Anot her shape
exanpl e’is standard line and [ine end structure.

figuse @ashisives a phatogneritief nan-géhoganal epntast kelesf ((|1i> ri%eference
Targetgezéolklb'rt] 'd?ﬂw}yf'é sq%E efrﬁje 3? ﬁgﬁdg)h'@or‘t%lﬁg?_I%g‘éalﬁg%&ﬂdThree contacts

rtening as possi bl e
in a raag@hilegibbes tSbIO&{DﬁE@Lﬁ@QKS peefireni@drgettis aotigresce tArget. The
e t he

that are
secondi A Gehis el SLIUATAGHNE) R HOSP I AIGLORa § 453erigntation
The thir@B&88t i8fa Savi-Bb@ilef ehRbartt J @RESH plf@heccﬁmeﬁ't&rﬁﬂlc Hésigns.

applicable to different pattern types that are not

depihesgxpmnpigel different featereciharays éland aamhtndaw fegture. As
shownqﬁﬁ‘lgﬂ ﬂﬁn% r\/}\ﬁr&%dnvgf%at&?éprggé%gle%rrgglgf‘épéﬁsef Sﬁ?‘no(/\)n |ﬁtf| ure 2H,

termn ex pos
an |slapd®waﬁe resentles fasistlingl | um nati on condition that vv| I I

ve or otlmze t a first atternf d
AP SuRbe GRaime B stendard Jae BactbR ek BEREpals (i rample,
one nefe,ldrs% geKEaEAR %.z@r&qm@&es@uw b@teatfthé %brﬁe' ttmmméépprhe end
condltl on (not including OSD@L that wil i nprove or

shortegipgiagisrealt e pesgikle. ﬂia@tl%aﬁwa cablytcpapmam spage end
structufréert type pattern. The entire reticle is preferably
osed by both first and second (e.g. up to N
é‘mmmectes where the pattern types that are not differentiated/defined by duty

ratios or duty ratio ranges or Rayleigh constant ranges. The embodiment is applicable

to different pattern types that are not defined by the duty ratio or Rayleigh constant.

B. determining a first exposure process using a first illumination condition

We determine a first exposure process using a first illumination condition that will
improve or optimize at least a first pattern fidelity parameter for the first type pattern.
Preferably the first exposure process using the first illumination condition (not including
dose) that will improve or optimize the first pattern fidelity parameter for the first type
pattern. The entire reticle is preferably exposed by both first and second (e.g. up to N)

exposures.

[llumination condition can comprise illumination parameters including, for

example, Numerical Aperture (NA), partial coherence settings, polarization, focus,
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[1'lum nation condition can conprise illumnation
paraneters including, for exanple, Numerical Aperture
(NA), partial coherence settings, polarization, focus,
15 aperture (opening(s)) shape, aperture area,
aperture type (e.g., quadrupole, annular, dipole,
etc., shape of opening(s)) and The first illum nation
condi tion does not include dose or dose split. Dose

S | Ui
soeru BB}y S80S i el b PLLEBIGHAR e,
dipolesetc., mhapdjotispemggishearse tihienfgst idhmirfationexpdiioneloeeolot include
coso AT ke BN AEe SBTRRELh A0 BETR 2 00, 10
exposllll!‘e%[‘$ Ak TifesinAtitHcd riifidhe dastte sty SARSEHJTERE sdtthgsiithe

it
imted to stop plate and can be ‘any type of device
exposuieaioot hBigyarerte danghe cpatieadntiye aperdine wiopi Tre arertuie is in
qenerdihe Bt wird FRECARB ool Bo BROMIEsk T Skt s
not limitgidrtg stopcplateudad capbe tany ¢ypes okdenice that bhasgeothg light intensity
' isoltated and isolated pattern type (Rayl ei gh (K)

.. sem -
distribption i thg f8Ul&at a Quadrupol e aperture is typically

VRRKSIrtdrf ilRETIAMIFRRS RIS isthO aBe R 9h8. FPERample,
Preferably, the first aperture and said second

conveagfinal illuaninalion Eing ercneular aparftugups aknayws fo be siong in semi-

o0 BB AR B0 008 AL BRI B ggerr

is typicallyoptakestie marfdreasate forfthosd paitdrnaypes.fi del ity
the first

raneter faqr type pattern trapsfer. ontq the

Hiislasrad; e Trsabesire ape splckRacony apsriufe haye eiffgren
configlitbHE ge. dlepbdhifds hardigiffefdnit k&, IcHaBAS aAB/or GREDes)

mask _error enhancement factor (MEEF), amount of

| Theefirehiuminatioa crnditips de determinesld®, ontistia® at leasica est pattern
L : P . I .
e Ao TSE KD, 05 89108 S bafoblaRhors,

arta pattery fiflelity paearsetee chn drscluds: dielptbef focusit éritigal dimlension
(CD), }n%%l% ‘error enhancement factor (MEEF), amount of line-end pullback, process
window, common process window, necking, bridging, resist collapse, dose-to-size E1:1,
dense to isolated feature bias, arbitrary feature size bias, sidelobe printing, film loss,
sidewall angle, resolution and combinations thereof; or weighted combinations thereof
or weighted combinations of ranges thereof.

The pattern fidelity parameter can be merit function which can be comprised of
some combination of the above parameters. For example the litho performance metric
could be a two weighted variables, such as 70% overall DOF and 30% nested feature

MEEF.

C. determining a second exposure process using a second illumination

condition
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sidewal | angle, resolution and conbi nati ons thereof;

or wei ghted conbi nations thereof or weighted

conmbi nations of ranges thereof. The pattern fidelity
paraneter can be nmerit function which can be conprised
of sone conbination of the above paraneters. For
exanple the litho performance netric could be a two
wei ght ed vari abl es, such as 70% overall DOF and 30%

Wee tissh dRHHNS a Mddnd & ﬁkﬁ t'i'i'c@’sé‘QSIﬂ %\e%ﬂdquﬂ@n

process using a second ation nd| tion
conditiphdhatdeitl émpiave a Imdﬂm@lfl@t peﬁemﬁ@Wtwrwsmﬂerrfgr the second type
atterrfecond illumnation condition that will inprove at
P east theflrst pattern fidelity paraneter for the

SR BB Lo TR AR5 UMb 8Re ang aanotuce
Na, paNaaI opaetenab factbe feaes abaatiay (e. ? ocm@n :ﬁ@g}? gngl%rrﬁ? #hd pupil

sha and area) and pupi
type. ﬂi\@ﬂfﬁtHwaﬁt'%mq'ﬁ'%dmaotdaelu%@Ipa@e dose. The
I .
i e
patterrpdelite paranieter fonéha eecomdl typpeatiatrt teamsfer amtsftee pbatovesist from
ot oresi st from the photomask design. It should
the phé agstk (%e% at the first and second il lum nati on

. J ith
L I T X L e
same aperdrrepmea bap edth wifferbat séthings. iﬁwbxéﬂ@reﬁ cﬁ@ch{luﬂijo%se a first
i |l um nati

| e aperture for the second
uar TP PSGHE TahBedTeand o sepon) duadeBale RRNG 1B second
iluminBAYe cEhdifi6, Siters @i fiRGSindRecdRd §LAUMRLBR @hhid §iff grent settings.

exposure dose for the first exposure process an

D. determining a first exposure dose for the first exposure process and a
second exposure dose for the second exposure process that
optimize the pattern fidelity parameter for the both the first type
pattern and second type pattern type.

In a key step, we determine a first exposure dose for the first exposure process
and a second exposure dose for the second exposure process that optimize (or
balances) the pattern fidelity parameter for the both the first type pattern and second
type pattern type. The optimization can the dose split that maximizes the total of the
pattern fidelity parameter for the first pattern type plus the pattern fidelity parameter for
the second pattern type. (See e.g., figure 4).

The Dose Split is simply the fraction of the total energy given to each illumination
mode (e.g., aperture type).

If the photomask has 3 or more pattern types, we can perform three or more
exposures with dose splits as describe above.
17



second exposure dose for the second exposure process
that optimze the pattern fidelity paranmeter for the
both the first type pattern and second type pattern
type. In a key step, we determne a first exposure
dose for the first exposure process and a second
exposure dose for the second exposure process that
optim ze (or balances) the pattern fidelity paraneter
for the both the first type pattern and second type
pattern type. The optim zation can the dose split that
maxi m zes the total of the pattern fidelity paraneter
for the first pattern type plus the pattern fidelity
paranmeter for the second pattern type. (See e.g.

Il. Anofth&UEﬁ‘aﬁl)ple SPBrdQse withirhultidie 'eQPb¥uFé¥e— Wsﬁfetc't of tl‘i’é first

he total energy given to each ['um nati o
(e.genﬂupbnnmﬂe type). |If the photomask has 3 or nDre
pattern types, we can performthree or nore exposures
wi th dose splits as descri be above. 17 It. Another
| .

R et bt P T A R Witn £7REEl bostres

accordigotoodn ekmgplapﬂmqumeesef tetpresernttingdrdioexposur es
according to an exanpl e enbodi nent of the present
imBtan 1001, wehpdvisie d 6alistraie hpringi alphetomsist tformed thevéowgr. The

0 tor farmed, t her.e substrate can be
substrdleafu E¥alir e BHIE v ure. A Step 1005,

provi d| ng a photorrask with a first type pattern and a
A. S4eprid02; pravigiang: ® photomask witldafirstityper patitelm and a second

phOtomSktW)etgat?er irst type pattern and a second type

In step 1002, we provide a photomask with a first type pattern and a second type
pattern formed therein aligned above the wafer. The first and second pattern types are

describe above.

B. performing a first exposure through the photomask at first dose and with a

first illumination condition

In step 1003, we perform a first exposure through the photomask at first dose

and with a first illumination condition.

It is important to note that the dose (e.g., exposure energy) is separate (not part
of) from the first illumination condition.

The illumination condition can include illuminating parameters of numerical
aperture (NA), sigma value (o), focus position and pupil type of an exposure tool
utilized in the multiple exposures. The illumination conditions are as describe above.

The dose splits for each exposure are a separate parameters that are set to
optimize a pattern fidelity parameter or metric(s) for the combination of the first, second

.. nth pattern types.
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pattern fornmed therein aligned above the wafer. The
first and second pattern types are describe above. B.
performng a first exposure through the photomask at

first dose and with a first illumnation condition In
step 1003, we performa first exposure through the
phot omask at first dose and with a first illumnation
condi tion. i's irrportant to note that the dose

(F?srgﬂr%tnlﬁﬂﬁtn@ﬁ?n cPnalidh s delTaBRg b Cafim el Todst adiected

patterr] fid e} Péﬁa‘nﬂé’!eﬁ FHAhE ifiRdt tEFphtiéinUEanset BRtoNAL 'pHGtoreS|st from the
paraneters of nunerical” aperture (NA), sigma val ue

phOtOﬂQaﬁk focus position and pupil type of an exposure tool

lei ze j [
coné‘r%tlogor?gq%bg?%%gdéscrl %)E)B oveﬁ]%{ﬁg%g{seéhﬁg%lﬂ? g)a?éo}Peter ioF
transfeg @€ theefipbypL e atiean antoapaphberpsisaiemeans phbimavke set
to optimze a pattern fidelity parameter or netric(s)

for the conmbination of the first, second ... nth
pattern types. 18 The first illum nation condition is

C. pertarming @ serai! exposurs: through thephofomask #fA sesend dose
fidelity gﬂﬂ B §'sdcohdliig héﬁﬁ toRgitRsi tern transfer
otore

onto the p sist fromt otorras The first

Res@rrihg to etepteI®S, W EsHdrth Q@bb@hdﬁ exporeiré |thﬁiug|h<’:thé ®hBtomask
fidelity paraneter for. transfer of the first type

at a segand dpRe gRE ovith SEERACOH BRINALiNg ICORAIRE- phot omask. C.
Ift%fs%g?a&'gluﬁuﬁm% .gfo%tér'ﬁgﬁaﬂb é}?tﬁnﬁg%é’ﬂps? Kaftbrn

a seco ose and wth a secon
fidelity panaineien forRbe secomd) type sttepn 1raogfer wetqot@efptmhrasstsfromdhe
exposure t hrough t he phot onask
photoma
The second dose is not determined to optimize the first pattern fidelity parameter

for transfer of the second type pattern onto the photoresist from the photomask.

Preferably, the first and second illumination conditions are different.

D. Determining the dose splits

In a key step, the first dose and second dose are determined by optimizing at
least the first pattern fidelity metric for (both) the combination of the first type pattern
and second type pattern transferred onto the photoresist. The pattern fidelity

parameters/metric are describe above.

E. developing the photoresist to form a photoresist pattern

Next we develop the photoresist to form a photoresist pattern.

The photolithographic process can further include defining a merit function that
is comprised of the process fidelity metrics and determining the first exposure dose for
the first exposure process and the second exposure dose for the second exposure

process that optimizes the merit function.
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at a second dose and with a second illum nating
condition. The second illumnation condition is
deternmined to optimze the first pattern fidelity
paranmeter for the second type pattern transfer onto
t he photoresist fromthe photomask. The second dose
is not determned to optimze the first pattern
fidelity paraneter for transfer of the second type
pattern onto the photoresist fromthe phot omask.
Preferably, the first and second illum nation
conditions are different. D. Determ ning the dose
splits In a key step, the first dose and second dose
are determned by optimzing at |east the first
pattern fidelity metric for (both) the conbination of
F.fBx@amplest type pattern and second type pattern
transferred onto the photoresist. The pattern fidelity
paraneters/netric are descri be above. E. devel oping
the photoresist to forma photoresist pattern Next we
Exama'gv-e ﬁ?EatPHeV%%%? P3ttern type o QR —manventional apdquasar
apertut@€ photol i thographi c process can further include
defining a nerit function that is conprised of the
7 R XArpIIBt HeYalBileldrfifo i WPV IR deslctfwith two
exposure dose for the first exposure process and the
pattersypend exposure dose for the second exposure process

B PSR, U TRl IR 0 15, B e
Smevedpatioal typads alimsatestépfidiuiee | n an exanpl e of the
q‘?}%vlgatteerrrﬁ%gielrirt?/np}a'rar\agteerisoﬁio%e a mask design with two

Based on this we select conventional and quasar type apertures. The
conventional aperture will work well on the First pattern type ( semi-isolated features).
The quasar aperture will work well on the second pattern type (highly nested features).

We select a first exposure process that has first illumination conditions: including
a conventional aperture. Note, we have not determined a first dose yet.

Figure 3A illustrates an example of the first exposure process. The stop plate 303
has a conventional aperture 301. Light 314 passes from a light source thru the aperture
301 thru the mask 304 and lens 306 onto a resist layer 308 over a substrate 310

We select a second exposure process that has second illumination conditions
including a Quasar aperture:

Figure 3B illustrates the second exposure process. The stop plate 303 has a
QUASAR aperture 302. Light 314 passes from a light source thru the aperture 302 thru
the mask 304 and lens 306 onto a resist layer 308 over a substrate 310.

Next, we determine the first and second dose to optimize the pattern fidelity
pattern for both the first and second pattern types.

The procedure here is to map out the response of the weakest performance

metric (feature) of each given illumination mode (aperture type) as a function of dose
20



pattern types. First pattern type is sem -isol ated
feature Second pattern type is highly nested features
The Pattern fidelity paraneter is DOF Based on this we
sel ect conventional and quasar type apertures. The

conventional aperture will work well on the First
pattern type ( sem -isolated features). The quasar
aperture will work well on the second pattern type
dy\f I u
(. PSR AR, 5 Sl AR oo
deterrmnedi udliongspeaificdaatands @n;atchepwmwm that Nob&orrvm)nbat/@ptmtatlon
determ ned a first d ure 3A | lustrates an
are suggrErAnd Which e pomew %rtﬂ’ dn Eﬁgf Hl,se%fsPe @ageepFpl example,

we kn&p%\atm"j\ﬁ/ r?es’t’éd“fé%’ﬁﬁﬂe@%thlr@@%r QUASr I liminatigh moikRas 8Site

froma I'ight source thru the aperture 301 thru the
large DeptR-cddocandAlsontsoded san@cts thashave salyees@@®rodasist features

(SRARSISEN b Bl Bl Rt R B S B BR OGP Ry
nestedX@sacts dpealsy the FRYBS @radBf mubhiShiaibedinidesierectpad typical
contac e EASBA B 0.5 HE g b Quaea T ohipg s Sk edkest
respoﬂslértH I§cﬂ§te@¥l§’dﬁté’ét§ WiPZSRAFY, Wﬁ&eﬁ?sﬂﬁe%ﬁe%bcﬁ{éﬁt ﬁlgﬁtlnatlon

onto a resist l[ayer 308 over a substrate 310
mode tfearventioral) aesentiay has dogemmedoéeola@dc@@ntattzemtﬂﬁRAFs

becaué’(ghtésﬁ th%\)tlrfiht'ot% 9% %g\leﬁég ngggucrggxiﬁa é%e@tloﬁelth%@ﬁ%een oLHtlmlzed
to produve srtmgﬁérm Ieblatétepe%@tn@tcepﬂémfenwmﬁed I@Rintacts with SRAFs
each given m nati on node (aperture

are ch§>§,§§§3 I et fesmorse %&%5ugéar(@r@pon%{g shown in

('f})e??r:rniﬁgg% Iﬂglrg]?‘ér 4 "tﬁsvl tO'E:Bﬁrﬁa'ﬂ bdc@bs pHPt FPIBPRR&Dose Split will be
defined by the intersection point of these curves. The optimal dose is the point(s) where
the total DOF for both pitch ranges (e.g., iso (p1000-DOF w/SRAF) and semi-iso (p340-
DOF)) is maximized. (DOF total = DOF (for iso) + DOF for (semi-iso). As is shown in
Figure 1, the optimal Dose Split is 60% Conventional lllumination and 40% Quasar
[llumination with a limiting Depth-of-Focus (PW ) of 0.34 microns.

In figure 4, p1000-DOF is a isolated contacts (pitch 1000 micros ) with Sub

resolution assist features and p340-DOF is a semi isolated contact (pitch 340 microns)

As shown in figure 4, first and second doses (dose splits) are optimized (or
balanced) by finding the maximum DOF for both the first pattern type (semi-isolated
features ) and the second pattern type (highly nested features). The graph below shows
the optimum dose is first dose = 60 % (conventional aperture) and second dose = 40 %
(quasar aperture). Here, the optimum dose yield the maximum value of the DOF(1) (1%
pattern type) and DOF(2) (2™ pattern type) (e.g., ( DOF(1) = 0.348 and DOF(2)=0.347
therefore DOF(total ) = 0.695) DOF(total) is about the maximum value for the possible

dose splits.
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det erm ned which specific features or pitches within

t hat sub-conponent optim zation are superior and

whi ch are sonmewhat inferior in terns of perfornance.
For exanple, we know that fully nested features
within the Quasar illum nation node denonstrate |arge
Dept h- of - Focus. Al so, |solated contacts that have
sub-resol ution assist features (SRAFs) very close in
proximty al so behave in a nested way, but |ess so
than fully nested contacts because the SRAFs are of

SRR bR AR O PRI ek o

combifitont he weakest response to Isolated Contacts with
SRAFs. Wereas, the other conponent illum nation node

(lGerdese smnaipllnmwmthw beem@@mmtraeé@omg DébthfzﬁJF@bag as the
SRAFs . because, it is behavi ng nore

t
OPtimiREG paLPrReIEt  HENaAT, R Gant IOAINGS SoBGHeORRTR e dse MEEF,
2-D lm%@@l@@ﬁty%tr SBRHE MIOAQ Rhfi8 Ds RS 5K HBAGSEN g‘é’ﬁﬂﬁ@ter In an even

| Sol ated Contacts wth SRAFs are chosen
more glegiu embasiipents @nefcouhbprgdas@an@@tmzamn funﬁzetfoerthahgas each of

theso bt Tefid Mo S0t Ran Y el Rl beaRel S Rahrogiotus is tre

primary InHBc Qhiswas. belleightdd highlydeitieseconidaey weights Gh o Ireetrics.

This fupﬁfs 1o/ 62 %Eﬁgﬁ%;ﬁthylzgﬁg))f) ggqcl;rpg &%n[?%épht%@i) groyges the highest
optimiZEhTug&bn \fam: Seirlard1ik&dr pfr&‘j’rrarﬂnﬁlﬁb té’c ué@éar? b%gmé)loyed

(sem -iso). is shown in 'Figure 1, pti ma

to optirgjze; thel%V%MGMWentl onal |l uninati on and 40% Quasar
[llumnation with a limting Depth-of-Focus (PW) of
0.34 mcrons. In figure 4, pl000-DCF is a isolated
contacts (pitch 1000 mcros ) with Sub resolution

ExampigsQptimizing 2dYuminatignmades fios (H SRAM nestesiant (2) Isolated
Conta?&nﬁﬁfé ndﬁ?tagh 340 microns) As shown in figure 4,

I r'st econd doses (dose splits) are optim zed (or

BRSNSy D40 1AL BoL R N BY S Lot g v o
high riglesttapdspaertgergnd s frepgdr pgh1ty|dehi§naeme‘seaaxttneese resbheion
requireﬁ']ﬁea Q 8|r %Vgs%m?élﬁy nested shapes and to mitigate important line-end
pullback behavior, off-axis illumination modes are useful such as Quadrupole.
However, Isolated random logic contacts print very poorly under these conditions. To
separate these features to more than one reticle is a possible solution, but it is far more
expensive approach than determining how to select a combination of these exposures

to satisfy both requirements simultaneously.

Figure 21 shows a photograph of an isolated contact and a highly nested group
of elongated features. This resist pattern was made using a Composite lllumination
Optimized (using an example embodiment of the invention) to print special features in
SRAM design.
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the optimum dose is first dose = 60 % (conventi onal

aperture) and second dose = 40 % (quasar aperture).

Here, the optinmum dose yield the maxi num val ue of the

DOF(1) (15t pattern type) and DOF(2) (2nd pattern

type) (e.g., ( DOF(1) = 0.348 and DOF(2)=0.347

therefore DOF(total = 0.695) DOF(total) is about the

maxi mum val ue for the possible dose splits. 21 The

D R e ot AN higR] e PRy Aot
featureiseas sremvn defigons 2 ﬁtl:etﬂmamra@te@emr‘rg a&ﬁm}ud cagvemtenal

lIIummgféD ﬁ\ﬂ{gr‘rc@ rarégégrr tet Et%‘ﬁjefﬂ% f?ﬁ%gﬁasrl%)onagg (?allow

the sh&std toi IRivgle. NBte thet && é@n@@@nﬁbd@ﬁwbﬁﬂs Fé!t@ﬁﬁhﬁwn ||nrf|g%Fb 2lis
even nore el egant enbodi nent, qne coul d produce an

super 'Qfﬁ?lth‘i’ EﬁﬂY%ﬁ'oﬂﬁldB‘#mﬁﬁltlpﬂéﬁOWé!si“@SHFP & these netrics

listed with a correspondi ng weight. For exanple, if

IfDa;st ékabiﬁplE@mlﬁ)dilrﬁehhﬁvolpéé FRoTY thaat jusCa Ndsitéd ¢ansd®ind of

ghted highly with secondary wei ghts on ot her

°pt'm'7r?é'9f‘| bt onempge ?'9?1@%“89 te RRtteReidel®Y-opt i i zed by

finding the Dose Split that provides the highest

optim zation function value. Standard |inear

progranmm ng techni ques can be enployed to optimze
Examplee Qptiaizifg2dtluninatixacphditiéns fori ¢1)hels padel rntb{2) edbntact

no oles for (1) SRAM nested and (2) Isolated Contacts
holes pattel} WRefpes SRAM desi gns are highly nested arrays of

mbtrw%xghmeéf t%%&térﬁwwsea%e% fm@é/spéueg Bintll (S Kcshtab8Dles

ug due to poor prlnt at t hese ex reme
patterr\r@@@ts il examplecinbedierens canrbe LtSIeést@ deteyniige Adduraigation

condltlénﬁgﬁé 26l s,%u{‘io |hﬁ)‘fil{)fe {h'épr%r Lgot line-end pullback

avi or, axl's um na on nodes are useful such
He %ﬁ‘%é’%% ?soft quasar (quad + conv) for contact holes and ( 2) annular

for line /spacer pattern types. The first pattern fidelity parameter we can maximize is
DOF MEEF, (for the contact hole pattern type). A second line pattern fidelity parameter

we can maximize is the line and pull back for the line/space pattern type.
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However, |sol ated random | ogic contacts print very
poorly under these conditions. To separate these
features to nore than one reticle is a possible
solution, but it is far nore expensive approach than
determ ning how to sel ect a conbination of these
exposures to satisfy both requirenents

simul taneously. Figure 21 shows a photograph of an

i sol ated contact and a highly nested group of

el ongated features. This resist pattern was nmade using
a Conposite |llumnation QOptimzed (using an exanple

. Seeomsd gxatrple gmhaimentermuliinletexpesure ps%e:q‘Sal f eat ures

ure 2J shows the is
At SR 8t B! egRR RSB GR Wil N1 Fshdase and first
|IIum|ns§tﬁfi‘1t SHRMIRS A¥dEdnd efx'p%ur% Frbchd Rith 'tHB?sé‘Jo%ﬁtﬁ%eua?rid’&acond

St andard conventi onal ['um nation wwth a circular
lllumln@tmqqmdé!ormwe qameuseetnc‘aemoyesﬁ ta exposesesist angd torode phetgresist

attern@l l oW the shapes to bridge. Note that the exanple
P éenbodi nent's pattern shown in figure 21 is superior

We pmw@mwbﬁtrmeaﬂavinlglwﬁmmtatesim fefneawntheredviegur e 2J.

R Dot PRaGiaSHOBREd BB S RIPBH Sk Hovidkesliasied above the
substreﬁé°$ﬁb$hb't&ﬁa§l@cé}§bé%6hrfté&jﬁ1 éﬁ ¥Jx &ipepg: Optim zing

| um nation conditions for I I ne/ space and (2)

C;SHH‘&% a filsk %ﬁpB@EF@gH}P}JéHQEe?g\?tBﬁf s ?ﬂfg}s‘i dFsel I with a

pattern types are e/'sp ont act hol es
pattern tfymsllummmmbedsmndu ment can be used to
det erm ne | um nation conditions and a dose s

[t
Ve P%ﬁﬁ‘?rm/é f'fﬁ@XP@%’IettBrOL\@@ tbarpmécén%sk(qt)flrgfcﬂqs with a first
umingteAERBIERNYInG BFtire MG bte" S WireP BT isABULE incliing the
first ang®ecaomd pattews types.nmaxi ni ze is

Figure 3A shows an example of the first exposure process.

B. perform a second exposure through the photomask at a second dose and

with a second illuminating condition

We perform a second exposure through the photomask at a second dose and
with a second illuminating condition. The entire substrate or wafer surface is exposed

including the first and second pattern types.
Figure 3B shows an example of the second exposure process.

If the photomask has 3 or more pattern types, we can perform three or more

exposures with dose splits as describe above.
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DOF MEEF, (for the contact hole pattern type). A
second line pattern fidelity paraneter we can
maxim ze is the line and pull back for the |ine/space
pattern type. 23 Ill. Second exanpl e enbodi nent -
mul ti pl e exposure process After defining at |east the
first exposure process with the first dose and first
illum nation conditions and second exposure process
with the second dose and second illumnation
conditions, we can use this process to expose resist
and form a photoresist pattern. W provide a

IV. Thigd lexamytie embodignentphdesigasrdormng aempasiiecapasture\e
provi de a phot omask fornmed using the photonask design

# honieterdrapre drnpodifidhs twatan usd ehheiltbersicueaprdi@ss from the
mounted in an exposure tool. A performa fjrst

A
first enghqstianktor Heaigah COMBOPHORRAHYR Oét%eﬁigpsqy I RINEGiir$

rtufe ahbi’sttohdl GEBH{AL! MtheCRRA itV P§h MBS @ahideXeplicated b
ap.e uexgosyreot ?Eugﬂ ;he p.hotorraﬂslk 6(1)12 feiprgt oseaanmptl%ae Y
using agfayrfiter or bthamisitallaretgvicendi ti on. The entire substrate

or wafer surface is exposed including the first and

SecomnthrRALhfRid r&ﬁé‘?ﬁ@g tHiGHE & B?r/fhé hlﬁ’é{‘%péﬂu@(@@%&w%tional

the first exposure process. B. performa secon _
apertuesxping theesedond iapiertune isgh guasaisipestre tkeie vied-addd eomhine the two

sl AR pRb T DR SonA 8he OFELEL T o

apertusd)the vbhivergioaalc opdninglamdithaiguagarcepetingoare thbsaend sire and
substrate or wafer surface is _exposed, including the

same ﬁqvqta’ﬁ lgFRiic8RSOIRd NP &F 'Elé‘raﬂCQ'Q)’ﬁé@?”%i @B‘?’é“@@%‘g‘ﬁéﬁléﬁar aperture.
exanpl e of the second exposure process.
Next, we design a modulating device (e.g., a modulating means) for modulating

the relative transmission through the first aperture and second aperture to allow the first
and second exposure dose splits thru the first and second apertures in of the composite

aperture or design.

For example, referring to figure 6, we can place a modulating means, such as a
grey filter or any other device in the path of the light passing through the conventional
opening in the composite aperture so to reduce (or change) the light that passes

through the conventional opening and reaches the resist over the substrate.

In this way, we have optimized both the type patterns, the pattern fidelity

parameter.

A. Aspect — an exposure tool — composite aperture and modulation means

A further aspect is an exposure tool comprised of (1) the composite aperture
formed using the composite aperture design, and (2) the modulation device (or means)

described above.
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If the photomask has 3 or nore pattern types, we can
performthree or nore exposures with dose splits as
descri be above. 24 |V. Third exanpl e enbodi nent -
design or forma conposite aperture In a third exanple
enbodi nent, we can use the nulti-exposure process from
the first enbodinent to create a conposite aperture
or design by conmbining the first aperture and second

B.fgigqureiégsﬁ{/@pf’&é&ss@éihpggﬁgolnﬁﬁgsi?@Sgtbhth?é can be

cat using a g@ t'er or er simlar

deyi ce. For .exanpl referring to figure 5, if the

iA ffhes g5Pecti &1 ngle E3RRRIEIPETRASS Ul 1N @raprpitermperture.
FigureS® f0alegiifpleUl ®stiatiop. quasar aperture, then we could

combine the two apertures to formthe conposite

anerfbivh thel Coriposifelperfita eing. th@tohipdsRE ERBUFEdesign as

aperture, the conventional opening and the quasar
descrigp@RP¥gs are the same size and sane relative |ocation

[ ; Ll tel ; e and the

o B S B Rl g devi ce

(Wegrovide nexistl avier mgsubstrate) f or nodul ating the

rel ati ve transm ssi.on through the first apertuyre and

WeoRPaspdne iras Ging Msutaidmenk UsinoRg cQltgsie apsiire and the
moduld¥R@fidapsdose splits thru the first and second

apertures in of the conposite aperture or design. For
dRanpeEradasnect Hig mpdulgionameansus exnpiiescd agrey filter. The

) i . . . ilLter
arey B ERS ROsIERETp P ofErFei] My shid rofle fitiufitsses thru
the grepfikent i onal opening in the conposite aperture so to
reduce (or change) the light that passes through the
conventional opening and reaches the resist over the
substrate. In this way, we have optim zed both the
type patterns, the pattern fidelity paraneter
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A. Aspect - an exposure tool - conposite aperture and
nmodul ation nmeans A further aspect is an exposure too
conprised of (1) the conposite aperture formed using
the conposite aperture design, and (2) the nodul ation
device (or nmeans) described above. 25 B. single
exposure process using the conposite aperture A
further aspect is a single exposure process using the
conposite aperture. Figure 6 is an exanple
illustration. We formthe conposite aperture using the
conposite aperture design as describe above. W
provide a first reticle using the first reticle
design. W provide resist over a substrate. W expose

V. Unéxpectés redultssforghe fRsp eicomas knd thirg exaenslie dpboditnents.
aperture and the nodulating neans. In a preferred

dépexdanthe errtmxﬂiraemtmlinmrss pdarsposidj[rp metbdd pfoducgs ey optimal

The & filter be. po ti n S hat
photolfagiEbtia £87aas i S W e ULBEY I<Pba sedde LU ppproach
underst&edieg Batfivb teaifical ZeMentduhiRe piRess apfdlifsarf thetfh@t linear

first second and third exanpl e enbodi nents.

elementig hatdhe fpageniEad the (aptBtze ke ieFHBRPGBA Cﬁetheoaﬂded to
generdts QRSB i quﬁét |Bt§9§8 |6F&%95I%Eh%r{§/ e5Dcb X aBne. This

given circuit Fayout and | evel s approach
meansdhelteafﬂ;@ra&ahhr&g(pbbate inveomuittiple emowreaﬁwm toéret isea latent image

s B SRS AT o Do b SR BTl e s oo
surpasagdedt it ‘the additive process of these latent images that creates the composite
image. ltis linear because the composite image will have the additive properties of the
sub-components according to their dose fractions (i.e. 80% Quasar give the image
significantly more Quasar like performance than 20% Quasar). The second linear
element is that once we determine the optimal process and dose split, we can create a
composite aperture to produce the same process and reduce it from multiple exposures
to single exposure. This is once again a linear approach, the composite aperture is just
the addition of the multiple sub-components with the relative transmission of each
related to the illuminated surface area for systems designed to deliver uniform
brightness. Note that it is not obvious nor trivial that this linear aperture combination
approach would work. There should be in principle interaction terms that can create a
difference between a composite aperture and a multiple exposure system. However, in
our most recent work, we demonstrate that these terms are negligible compared to

other sources of variation within the litho process.
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generate a conposite inmage that is superior overal
than any one process alone. This neans that after
each exposure in a nmultiple exposure systemthere is a
|atent image that is only devel opable (able to be
seen) after a specific energy or dose | evel has been
surpassed. It is the additive process of these | atent
i mages that creates the conposite image. It is |linear
because the conposite imge will have the additive
properties of the sub-conponents according to their
dose fractions (i.e. 80% Quasar give the imge
significantly nore Quasar |ike performnce than 20%
Quasar). The second linear elenment is that once we
determ ne the optinmal process and dose split, we can
create a conposite aperture to produce the sane
process and reduce it fron1nu|tip|e exposures

n is I.S onc proach
vi. mophrathd ERAMBLES okt fud e2Phd Sorle hmbPifhe 8 ne
|

BIOkERR 4 BT REbT et deehiafecd %&sﬁ%@éﬁgﬁigh%%%%e of
the do@MéteaﬁssmeS?@teﬁd FidelitleOptiizatioh Feoced ureifghiViokipte EXNodstire

t 3&t I S not obvious nor triv%@b tqaé this linear
Schemg, d M @EMRIGSNAYE AdHPURID BYRRRUAE RBTIP YOG Kk MafRep@osures are
possibfloul d be in principle interaction terms that can

create a difference between a conposite aperture and

Fofiowingthe sispodesaibedatove, soololedesign foaretinhgis provided.
t ar e
8 ABtarte g M EIPPRER RN patdfisfrhifies 4TS
W & Hefermhfedﬂol tirbak gfmntlaﬂwl ragldz Iekpszturetpm@eééxﬁl‘cﬂLE
- rst and secon e enbodi nts Fi
exposE LA 154 (RS UL ABRALeTS MROS A8 Gt 2Ha DHES ol (i Sxample,

the firsESRIFPMA HRlve ol dRvERLEAS llﬁ)hﬁlﬁ%’dr?rrﬁﬂbt(@érﬁ\/éﬂti@ﬁbl aperture) for a
Optim zation Procedure for Miltiple Exposure chene.

first paitermstypraapios (sYolinegapsudiies égives) dn dhisiexagiple the second
illumin 383 modR Wil L aad’u%sapmﬁﬁﬂliﬁét%n mode (quasar aperture) for a second

pattern type region (e.g., holes with another spatial frequency and other geometry

features). Note that both pattern region are located on the same mask.

The illumination conditions (not dose) for each illumination mode are optimized
for the chosen pattern type region (e.g., feature geometry, spacing, pitch ranges (spatial
frequency lines). At this point both exposures are processes at full doses to achieve the

proper CD.

Next, in a key step, we optimize the pattern fidelity parameter (litho performance
metric) across the combined pattern type regions on the wafer by choosing a dose split
for the exposure steps that maximizes the pattern fidelity metrics. The dose split is

simply the fraction of the total energy given to each illumination mode (aperture type).
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Fol | owi ng the steps descri bed above, a reticle design
for areticle is provided. W determne the required
Pattern Fidelity parameter/nmetrics. W deternmine to
break the conventional single exposure process into 2
exposure steps that use different illum nation nodes
(e.g., apertures). In this exanple, the first step
wi Il have a conventional illum nation node

Now R RELLNBlorAREGE Eho L85 1o bR B3LL Bl ok Bho ke
patterr®Xiarpsist. the second illumnation node will use a

quasar illum nation node (quasar aperture) for a
second pattern type region (e. g , holes w th anot her

R 3 LGRS RN BT o ORTEL kool GBS Rna R

t bot regl on are oca on t'he’'same

conveﬁtlwai IllUmnmatEm modeohuyht passeq thot tttk)&ﬁ)veﬁtmmaiapbrture thru the
ptimz he chosen

mask Wil R g o rusipver potioter o habREerapoesaR Higy the fist

||Ium|n§I|(§rC modang @ésn@ﬁ@@% Bbtter pratuge ‘ﬁVst'p'aﬂ@rih) typ&redibh Sit %%’THortant
bot h exposur es are processes at doses to achieve

to note Wét therfypledosewhighkts, fragiiog qté@/taéd@'iﬁ agpwdelepninedze thé previous
fd i

sion) SRS AAENEL D BSOTEBEI0) e Y LOLB e L e

and th@yec(bmbpahtfgnaym)s&glsrm om thd mtictehe exposure steps that

Tefesind [Eadtth 2 Mk bTrorine Pidad Siet e Gg i gscond

|IIum|n§t@tﬂhn10k1bl{ﬁblféa(§ué§&r BRERuAPAISEEH R HYBE lightEh eyl ke same

doses are determ ned we can use the doubl'e exposure
reticle gpigclbg gesist avardhe paferdpnothan stieisiuse). Fi gure 3A shows a

i the first exposure step using
{Tﬁgggsﬂsi |stﬁérﬁeE€/$BP€<ﬁ ne ti Xposut

conventi ona um nati on node. Light passes thru
the conventional aperture, thru the nask, thru t he

VIL. exlgﬁ’ng)i% g? g‘?‘gﬂ“ﬂ‘é eﬁ&»qcﬁé{eﬁtr gc}/grrrlp%sv%fa%rerturg ?or smg e exposure

In the example, the results form the multiple exposure pattern fidelity
optimization are used to create a composite aperture for a single exposure processes.

Figure 5 shows a rough illustration of the conventional aperture and the quasar
aperture used in the example above. Figure 5 shows the composite aperture which is
an aperture with the openings from the conventional aperture and the quasar openings
form the quasar aperture. The area and position of the openings in the composite
apertures are the same as in the corresponding conventional and quasar apertures.

This composite aperture is now used in a single exposure process.

Figure 6 shows a rough representation of an example of the third example
embodiment — single exposure with modulated light through two type aperture
openings of the composite aperture. Figure 6 illustrates a composite aperture comprise
of a center circular opening and a quadrupole aperture. The composite aperture 660 is
shown in the aperture stop plate 650. In operation, light passes thru the openings in the

composite aperture.
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illumnation node is designed to better print the
first pattern type region. It is inportant to note
that the first dose (which is fraction of total dose
as determined in the previous step) is chosen to
optim ze the pattern fidelity netrics for at |east the
first pattern type and the second pattern type
regions on the reticle. Next, referring to figure 3B,
rma second e sure usi t he
Pl idvn iREGere b L0 enten ST hertire $E6 A Siopaate 650, arey
filter M@sfﬁaék 650, 18RS 828, A resishe 18 VB sttt 81QNt 0 the
resist over the wafer (or other structure). The resist

A9 impontagé elemsse is theimodérbenrievies 6dAée ghimegans) for modulating
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exa he resu I pl € exposure
quasampadrengs)f |lnleﬁns exampfa, angregfiltent40 B useddist modulatide naeans to

achlevglpggoSI es,:‘eﬁgﬁ‘ig%% S%Lr‘gthe?qrgtlg%cggl%ﬁ? Z{f] " eﬁglr'g%%?ss Bgssses through

conver&%\éeabémﬂgl a@B@fe?an%dﬂchdH%n%’ﬁéi HpenMigedrbl a8 dénRshred to
he exanpl € above. Figure 5 shows the conposite

quasarawmm aregi aresfilteq®48 e ptaged wndtehther@rtyséhom@@penmto
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converfﬁid?f&l Spéﬁﬂﬁgsﬂﬁlg WHYQRE TOrrekl Mtﬁ/eﬁjo%a sﬂhrﬂpé&fh openlng type to
resentati on of "an exanple of the third exanple

aChleVé @t pattemniigletyanploss fer thpt ﬁglﬁﬂ%ief Eileé@tlplieght
t hrough two type aperture openings of the conposite
aperture. Figure 6 illustrates a conposite aperture
d?agtpeiessshovm a serentmatian combasite)ppeﬂtwrg wdtida grey scale filter over

conve iR g SPaNEne sty GracteRofRaTay soieger i et b foorporated
into thé a@BftuRASSIgErd @is}JsdHéﬁ\é@i@QﬂéWﬂ@ drity t dtBual GEEEIRSI I Qrey scale filter

aperture. _
and aperture may differ by lense design.

The resist 615 over the wafer 610 is preferably exposed one time. The resist is

then developed.

A. non-limiting example embodiments

In the above description numerous specific details are set forth in order to
provide a more thorough understanding of the present invention. Those skilled in the
art will realize that settings are equipment specific and will vary from one brand of
equipment to another. It will be obvious, however, to one skilled in the art that the

present invention may be practiced without these details. In other instances, well
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29 Figure 6 shows, |ight source 670, conposite
aperture 660 in stop plate 650, grey filter 640, mask
630, lens 620, and resist 615 over substrate 610. An

i mportant elenment is the nodul ati on device 640 (e.g.,
means) for nodulating the light dose transmtted thru
the two aperture type opening (here conventional and
guasar openings). In this exanple, a grey filter 640

i s used as ul atjon. ns. t.o. .achi eve proper dos
nowrl SoEGhd i B4R R PuPEEREtiRuR e 16 R GRHogheai iy obscure
the préxass vehtidrpugh conventi onal opening (as determ ned by

conventional opening area as conpared to quasar

opening area), a grey filter 640 is placed under the

. S e ' ¥

RAFH ARty BRERpREmchis bEREiTebaR il ditlon DEarbg, the

abovepkeshrigifon dndgiitstpatssisrafponhmal biehtakgoadlioptngthessopags the

The reverse is. true lacing grey filter on quasar

mesm36@ﬁ1 angﬁﬁnﬁipyé%%Q%ﬁPfonal) when the quasar opening
I\Whilth@anvd iz hapaseenbar@d@brl P BROWA Gind [dYsBrivey with@eference to
correct relative dose goes thru each opening ty

| yo[e] type to
the prefgHPe peTtoRkmBpSi aTeopdt wime Yrdaspiopg bYhPrR SKles inthe art that
varioub S84 iﬂffor.tnt?%nﬁ‘?fe'téi's_ema)'/:bg%gdeeswﬁn&‘lﬁd%artin from the spirit and
repre entati on conposli te aperture W t gre%/ Scal e
scopefaf theeinventam. It nintemdednalcovgrerdriogs nodificativals andasimilare,

the grey scale filter .js nost Jikely incorporated
armangeflfesty At BRI apdF sCat of bEvanberRE8 snR i starg shourd
be acagdétbihel r6adéfnntefprotativnSeadLtof éddodipasardll suedmedifcatdyis and
. . differ by lense design. The resist 615 over the wafer
similaisarpangemrds apdprgceddhdsed one time. The resist is

t hen devel oped. A non-limting exanple enbodiments In

t he above description nunerous specific details are

set forth in order to provide a nore thorough

under st andi ng of the present invention. Those skilled

in the
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art wll realize that settings are equi pnent specific
and will vary fromone brand of equipnent to another.
It will be obvious, however, to one skilled in the art
that the present invention nay be practiced w thout
Whatdselaladdsl s. In other instances, well 30 known
process have not been described in detail in order to
not unnecessarily obscure the present invention.
G ven the variety of enbodinents of the present
L. i nventetwdjfasthabdesiapiabiediceicb@prisihgve descri ption and
illustrations show not be taken as limting the scope

of tpp(ﬁ/ldlﬁ% asehratd et PRIt ShbRediPy the claims. Wiile

the invention has been partlcularly shown and

des nts
{hoP e i Rt ﬁ%@@a@ﬁp?%’%t he
various, cha ang s in form and det ail
Bt IHG B ORI PRGOR FSHPE RGeS SEre B paRems
the invention. It is intended tgo cover various
thenfyat Fncetuta RAHSTEImPTRY atipeEprIBgnce f e Misvipattern didsHbomeameter, for
and, t he scope of the appended clains therefore should
thetfersineshr Ehtterrt type bndtdsstondrapertye pha¢mon improas thegerformance
enconpass all such nodifications and simlar

of akécdnd paRdth Sidehy HtReaetUbethe sddondaiskipatteinaped is: |
. A nethod for fabricating a device-conprising:

pr oxk disigh de BH&%R:"SQE ﬁlreesﬁﬁsrtﬁge Wit{n B YOS lafi bxposure

providing a photomask conprising first and second nas

sofiSt i R e M MG RS "ot cerns. e

flrst a ertur attern inproves performance of a first
pat appg tg‘in oot 1aBglg Sy the expgsure source during exposing to control

radiation dose from at least one of the first and second aperture patterns; and

developing the photoresist to pattern the photoresist.

2. The method of claim 1 wherein:
the first pattern type is a nested feature; and

the second pattern type comprises an isolated contact

3. The method of claim 1 wherein:

the first type pattern comprises Line/space features; and

the second type pattern comprises contact holes.
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the first mask pattern type and the second aperture
pattern to i nprove the performance of a second
pattern fidelity paranmeter for the second nask pattern
typ exposi ng the photoresist on the substrate with

4.t adie |Wﬁﬁ94%ﬁﬁ%ﬁe 1 BRgisure  source through the
conposi te aperture and photonmask; nodul ating the
r adithg fisharfd ssooideatexrpbdelite pseometes chmprisg a¢kpstsine@f tiepth
control radiation dose fromat |east one of the first

of fouls Seitienidlinpadibn (€DN AR S erafcentt@y 8lctRt (MERH)€amount of
photoresist to pattern the photoresist. 2, The nethod

11n9-fen8 Ipﬁllmck MBELE Winddw 3;0fﬂn‘i(§{ Badst Hittidw Rectlif Ebrﬂl%ﬁttged

feature; and the secorn patt n type conprlse
Th t
red SOMRERBTRE o b1 s 4SBT LEE e Sitaep PTGl i
A A e A

second pattern fidelity paraneters conprise at | east

coghinagpnsprept ordf’elgbt@dgomgmatlomsatf religee thsirent. (CD), nask
error enhancenent factor (MEEF ), anmount of |ine-end
pul | back, process wi ndow, commobn process w ndow,

necki ng, bridging, resist collapse, dose-to-size

5. Bl : Inhe @iis df14ig0N a¥tRebiA BRIUIEnP 'tl%sfadﬁﬁ&'l E&rﬁf)ﬂses a

feature size bias, sidelobe printing, filmloss,
Inéﬁﬁ angl e, resolutlon or wei ghted conbi nat i ons
ereof or wei ghted conbi nati ons of ranges thereof. 5.

The nmethod of claim| wherein nodulating the radiation
conprises a nodul ator

6. The method of claim 5 wherein the modulator is disposed between the

composite aperture and photomask.

(A The method of claim 5 wherein the modulator comprises a grey filter.

8. The method of claim 7 wherein the modulator is disposed between the

composite aperture and photomask.

9. The method of claim 1 wherein modulating the radiation from the exposure

source during exposing to control radiation dose from the first and second aperture

patterns.

10. The method of claim 9 wherein modulating the radiation comprises a

modulator disposed between the composite aperture and photomask.
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6, The method of claim5 wherein the nodul ator is
di sposed between the conposite aperture and
phot omask. 7, The nethod of claim5 wherein the
nodul at or conprises a ey filter. 8. The nethod of
claim7 wherein the nodul ator is di sposed between the
co site aperture and photonmask. 9. The nethod of
Ug) aj Iﬁq@ﬂékﬂ IHolWhSEIthg t he radiation from the
exposure source during exposing to control radiation
dos dufing thetstap df] episosi@mgle photonesishpetotal expospatenergysrangitted
The nmethod of claim9 wherein nodul ating the radiation
to thephbiosesst aompoishslairer dode apaseited eianke first Bgertoapatsdri and a
aperture and photonmask. 33 11. The nmethod of claiml

sedBR8 B Hrard it tDvik AR REGRI Hlert@eNRBAY abdie phot or esi st,
a total exposure energy transmtted to the

h . . 1t .
phot 1?1?{ afd £ deo%gg %é%c%gdjﬁa&ggfgltgégﬁg%gg gf a first feature

the 11 apertur

transmtied via the,second _.aperture pattern: and the
(YRR SR BRIt B AOLE STnd S P ek palern S
performance of a first feature type in the first
pattern type and a second feature type in the second
pattern type. 12. The nethod of claiml wherein the
12devilbe nodimpk ¢fsdgmal whencothe devios catepiiee a serhBondunti@t devite.
for fabricating a device conprising: providing a
substrate prepared with photoresist; providing a
phot omask conprising first and second mask pattern

131 YOSt 2 HbAth e SQMIRS b RpARREI ur e compri sing

first and secon rture patterns, the first
DRIl R RgppRTRIce of @ T
providing a photomask comprising first and second mask pattern types;
providing a composite aperture comprising first and second aperture patterns,
the first aperture pattern improves performance of a first pattern fidelity parameter for
the first mask pattern type and the second aperture pattern to improve the performance
of a second pattern fidelity parameter for the second mask pattern type;
exposing the photoresist on the substrate with radiation from an exposure
source through the composite aperture and photomask; and

developing the photoresist to pattern the photoresist.
14.  The method of claim 13 comprises modulating the radiation from the exposure

source during exposing to control radiation dose from at least one of the first and

second aperture patterns.
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the first mask pattern type and the second aperture
pattern to i nprove the performance of a. second
pattern fidelity parameter for the second nask pattern
151 Y P& RRAR J}Q:lafnlﬁel Mﬁér&rn%&ﬁﬁat% tl;l%1 ﬁad%alff%ﬁtc{)%érelsgg att h
radiation froman exposure source roug
ofposj.t e erture. and photornask; and devel oping the
R B KPR B 8 FemPrialc naR o af ehotomesk The et hod
of claim 13 conprises nodul ating the radiation from
t he exposure source during exposing to contro
radi ati on dose fromat |east one of the first and
16 s e c Ghd negpterdt afrobaipalt3t @nysiseSdhoddatifgthe medihtieh ©ém chaéxposure
14 wherein nodul ating the radiation conprises a
sodfﬁéiﬂllhrﬂ{goéxgﬂéiﬁg 05 Eshtide FANRRIdIN A HORTAS it® afP SIcbhd Spctite
phot ornask. 16. The nethod of claim 13 conprises
lating the. radiation fromthe exposure source
during exposing to control radiation dose fromthe
first and second aperture. patterns. 17. The nethod
of claim 13 wherein the device conprises a
sem conductor.  device. 18. A nmethod for fabricating a
17semlés f clpap 13evhasmp thedvice cosmgisesp pygnigonductor
substrate prepared with photoresist; providing a
deyitt omask conprising first and second mask pattern
types; providing a conposite aperture conprising
first and second aperture patterns, the first
aperture pattern inproves performance of a first

18.pat ek Bhbi @S fabricaPRf 8 ¥BhRonfi®ior ddVeldohidkisiiBsk pattern
type and the second aperture pattern to i nprove the

perLgﬁgﬁg@gSm%£ﬁ§§§%%§§fgﬁﬁ%b§%g§khdeIity par anet er

for con

a

providing a photomask comprising first and second mask pattern types;

providing a composite aperture comprising first and second aperture patterns,
the first aperture pattern improves performance of a first pattern fidelity parameter for
the first mask pattern type and the second aperture pattern to improve the performance
of a second pattern fidelity parameter for the second mask pattern type;

exposing the photoresist on the substrate with radiation from an exposure
source through the composite aperture and photomask;

modulating the radiation from the exposure source during exposing to control
radiation dose from the first and second aperture patterns; and

developing the photoresist to pattern the photoresist.

19.  The method of claim 18 wherein modulating comprises a modulator.
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exposi ng the photoresist on the substrate with
radi ati on froman exposure source through the
conposite aperture and photomask; nodul ating the
radiation fr t.he exposure source during exposing to

20¢0n 8P“£¥§Hﬁ§%? Sd%@gmpron1the first and second
aperture patterns; and_ devel oping the photoresist to .
pat feire thesteprndcspessigsihe phaforepish afatahetposereeneangmiragsmitted
wherei n nodul ati ng conpri ses a nodul ator. 35 20. The

to e tphoidrasist compmses 8, firsthimsefransnutied vig thdBrss sreptucd pattern and a
exposi ng the photoresist, a total exposure energy

secdond dssu tidneshittddovih e spbidapesinstpatefpahdes a first dose
transmtted via the first aperture pattern and a

secapdidose skEHAIYst sedieed bhilgl eHe ?grfMEi:’f)lea ﬁgt feature

pattern; and the first and second dose Is selecte

PR R, 8 SRS REPR ST RG b biin PSR iR

the second pattern #}fie. 36
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