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Crouse, Hopewel |l Junction, NY, atty docket |Cl S 0261,
Confirmati on Nunber: 8926; and SN 60/ 774,382, Filing
date 02-17-2006, entitled Lithography process

optim zation, first named i nventor M chael WMatthew
Crouse, Hopewell Junction, NY, atty docket

| I S-0261- PSP2, Confirmation Nunber: 4669, both which

Backor ound. o TAoRTL b shey ORFLEAEEr ol SRl ol on The

invention relates generally to photolithography
processes and equi pnent for photolithography, and
nore particularly relates to a nethod for optimnm zing

the conditions of PJHoWSMatpERERCE |1 thographic
apparatus. 1 2) Description of the Prior Art
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applicgfi@sessi ng, a photosensitive polymer filmcalled
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Michael Matthew Crouse , Hopewell Junction, NY, atty docket {C1S-0261, Confirmation
Number: 8926;

and SN 60/774,382, Filing date 02-17-2006, entitled Lithography process
optimization, first named inventor Michael Matthew Crouse, Hopewell Junction, NY,
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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 nmanufacture of integrated
that circunstance, a patterning

2) Des&é '85' ‘(foé"e%p%\?'iéF ing structure), which is
alternatively referred to as a mask or a reticle, may
be wused to generate a circuit pattern correspondi ng
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apparatus include so-called steppers, in which each
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scanners, 1n each target portion iIs
features ofate @tredit.by scanning the pattern through the
projection beamin a given direction (the
"scanni ng"-direction) while synchronously scanning the

Whﬁb@@bﬁicﬂ%‘!@rét@b i®h naddtindBadbbplies & GediddSpatiern onto a target
di rection | ified diagram of a conventi onal
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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-paraliel
to this direction.




il lum nating beam 1103 passes through mask 1106,
i magi ng beam 1109 is generated. |nmaging beam 1109 is
proj ected through projection | ens 1107 such that the
i mge of the pattern on the mask 1106 is focused onto
the resist 1111 over the substrate or wafer 1110. As
can be seen in FIG 1, the opening 1102 is situated in
th
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estimate of the [imts of pattern printing can be
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resol ution can be inproved in three mays by
shorteni ng the exposure wavel ength A, i ncreasing
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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 =k *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 performance of a |ithographic apparatus and its

limtation may al so be explained and characterized

with the depth of focus (DOF), which is generally

viewed as one of the nost critical factors in

determ ning the resolution of the |ithographic

proj ection apparatus. The DOF, defined in equation
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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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aperture (NA). Control of this NAwith respect to the
projection systemis NA allows for nodification of

spatial coherence at the nmask plane, comonly referred
to as partial 4 coherence Q This is acconplished, for
exanpl e, through specification of the condenser |ens

pupil in a Kohler illumnation system Essentially,
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sub-resol uti on assist features
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 iithographic 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 fechniques 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




(SRAF). Each techni que may be used al one, or in

conbi nation with other techniques to enhance the
resolution of the |ithographic projection apparatus.
Currently available illumnation intensity

di stributions or arrangenents include small, or |ow,
sigma conventional, annular, quadrupole, and QUASAR,
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patterifgl es and provi de i nproved resol ution and i ncreased
depth of focus while being strongly pattern
dependent. There is a challenge to inprove the quality
and reduce the size of the masking patterns. 6
Summary of the Invention In a first exanple enbodi nent
we describe a nethod to design an optin zed




mul ti-exposure process. In a second exanpl e enbodi nment
we describe a nmulti- exposure process that uses the
design of the first enbodinment. In third exanple
enbodi nent, we descri be a nmethod and device for single
exposure process using a conposite aperture using the
results fromthe first exanple enbodi nent. The first
exanpl e enbodinent is a method to optim ze the optica
transfer of a pattern onto photoresist using two or
nor e exposure proc@ssesargofifiid isweagtiorpr ovi di ng a
phot omask design to print a photoresist pattern with
at least a first type pattern and a second type
PREFPEEx A€ BB Me ffvlercﬁéscﬁ%@ @Srh'étﬂo@ "t@ 88§ign Wl dlindized
first illumnation condition that wll nprove at
multi-eixpasiirePrpeaase iha seeend t@(aﬁm*%\ﬁﬁtb@ﬁ'm@ﬁ Weh@esqrhb@ta MyBe
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using a second illumnation condition that wll
I nprove at |east the pattern fidelity paraneter for
the second type pattern; the second illum nation
r
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onto phetasdsisthasingptaid @rmofd ebgdasuye parcassdsecormpnisindie second
type pattern transfer onto the photoresist fromthe
pimndmgsd(pfd‘ﬁsmgak design td pdat a photoresistaatierrs withab tesast e first
dose for process and a second

st
expté’gﬁrpé’tta%%n‘# BrseFﬁr)é(ng ger 5 eé@(’posur e process that

optim ze
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 illumination 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 ilumination 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




the pattern fidelity paranmeter for the both the first

type pattern and second type pattern type. A second
exanpl e enbodi nent conprises the nmethod of the first
enbodi nent above and which further conprises:

providing a substrate having a photoresist forned

t hereover providing a photomask forned using the

pho k. desk ' :

D ER D SEhRE BB m HERLEE Bress o -

t he fi r sdecdod exposureidosetitrethefdecshd ekposuraatocess that optimize

cond I B oot PG BB an

i 11 um naddcBad ¢andbaitedR tyge. t hird exanpl e enbodi nent is
a method to nmake a conposite aperture design for an

optical transfer 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

and whjgl f@her costsisasni ng a first exposure process using a
first illumnation condition that wll inprove at a

pRoViGhg o dulrldatey hpan@aeiretorboikt foh@eliithdreotarpe pattern;
the first illumnation condition conprises a first

aper.ture; the first illumnatiaqn,conditiaqan i

FBT G0 b el mank Farmse (R e uSRAR bpi6n pligasd aove the
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photoresist; 8 determi ning a second exposure process

lf)%' ogm%gsaeﬁr%?gle)éslulrjénthrllgltjéF?ﬂ]ecg%]o%rtn'agfg 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;




that wll inprove at least the pattern fidelity

paraneter for the second type pattern; the second

illum nation condition conprises a second aperture;

the first aperture and the second aperture have

different configurations; the second illum nation
condition is determned to optim ze at |east the
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fidelity paranmeter for. the hoth the first t . ,
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CONpPoSi t:ARPE bHA thelSsddhl dPerePdhiabe BEd&R dohfiglrations;
aperture and second apertures to forma conposite

aperture design; designing a nodul ati ng neans for

nodul gt | . . At r i SSi . .
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first and second apertures of the ¢ osi {,e aperture
desi gn. ThE"SBRIE" f?&*fﬁ&%\ﬁ%@%{ﬂ?%@@%@* at ur es

are of, representative enbodi nent nl.y, and are not
exhauSe iR RG AT eraraNia AR sorirl e st Skadiite 8idGe, 2nd 2
to assi st shebridnsaioslrNEbNofor e bEdRT &Pdsuld probesH that

be understood that they are not representative of all

lt he i nvent ppigizeche etien\fidality pargmaier fopthsebaiB ke Hest bpe
imtati ' ' iL,ned by th
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For instance, sone of these advantages may be
migking Byordesita@pertyigdesign by gembiuyd E*%ﬁ*fé{ apgiiure and second

simul %@F@E?r‘é@'% fBFrﬁ%%EnéJo%ité g?leaﬂg}eed&@?,di ment.

Siml sonme advant dges

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
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applicable to one aspect of the invention, and

i napplicable to others. Furthernore, certain aspects
of the clained invention have not been di scussed
herein. However, no 9 inference should be drawn
regardi ng those di scussed herein relative to those not
di scussed herein other than for purposes of space and

inferenyf N8 &R legBRind e sttiined Mo Rty X BEERot,

discussial Rergimbther Btin foabeneees Aﬂﬁbédmﬁi rddedinglrepe@itsh. Thus, this
advantages of the i1nvention will becone apparent in

summary of fQﬁt‘I"@\ﬁ/laﬁ@ HLSOFIGRS DRl QS e srnsifieses ABSOSIEMRIIT r om
determﬁrﬂﬁ %h@l'vﬂﬁencé fé&ﬁlh&ﬁal%ﬁﬁféspi ooéH\Féfntéé%ﬁ: @tﬁé"‘wﬂ%ﬁﬂﬂ#%ll
ures and vant ages of e exanple enbodi nent

becomacppatinidn the fohewingrdeseriptiamdrem tlmﬂerlnngenmﬁnom the claims.
clearly understood fromthe foll ow ng description
taken in conjunction with the acconpanying draw ngs
in which |ike reference nunerals designate simlar or
correspondi ng el enents, regions and portions and in
which: Figure 1 shows a sinplified diagram of a
conventional exposure tool according to the prior
art. Figure 2A shows an about circular contact hole
feature shape according to an exanple enbodi nent of
the invention. Figure 213 shows an elliptical contact
hol e 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 nent of the invention.
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Fi gure 2E shows orthogonal contact hol es feature shape
according to an exanple enbodinent of the invention.
Fi gure 2F shows non-orthogonal contact holes feature
shape according to an exanple enbodi nent of the

i nvention. Figure 2G shows a w ndow feature that
resenbl es resi st space feature shape according to an
exanpl e enbodi nent of the invention. Figure 2H shows
an island feature that resenbles resist line feature
shape accordi ng tBrieiDesxeptiba ofithe @rawiingsf t he

i nvention. Figure 21 shows a photograph of an isol ated
contact and a highly nested group of el ongated
features. This resist pattern was nmade using a
Conposite Illumnation 11 Optim zed (using an exanpl e
difledentvien and advantraseet hergrample ramodipebispccording to the

n .
present iNetiBR ] tETENE T GRpEY yndo @i ol W7 ot bEGHBE taken in
conjurictiat wittsthe ascahpamying dfavgngs erWhmhlliken'eﬁmeemreeraImefals designate

.. usi ng a Standard conventl onal um nation gn a
similarQr GaIesPORYaY SIRBSNIE; fg@.wé*szu}@dsmgn%aﬁa 5Y88icdph of
Non- ort hogonal contacts pattern type according to an
exanpl e enbodi ment of the invention. Figures 3A and 3B
Figureshshews asimplified diagremel @ C@@fﬁﬂé@ﬁﬁl’t@tﬁo@ﬁ@ top! agpording to the
&;@gﬁhe of the enbodinent's doubl e exposure Pattern
Ity Optimzation Procedure for Miltiple Exposure
FigureSthehews Bhgiboet dirdutaracogitagt ol feahee iseape aseordfngt thean example

S habaf PR TR ([ eature) of each ol ven

Flgureﬁgﬁf\?g %h &l iMgichIConfact BoRMREEIre BRAgE BREGrdMy ol 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- orthogona§ 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 2| shows a photograph of an isolated contact and a highly nested group of

elongated features. This resist pattern was made using a Composite lllumination

11




Figure 5 shows the conbi nati on of a conventiona
aperture and a quadrupol e aperture to nmake a
conposite aperture according to the third exanple
enbodi nent of the invention. Figure 6 shows an
exposure process using the conposite aperture and a
nmodul ating neans according to an exanpl e enbodi nent

Choulifod (ST at S ambRLeBoda RIS Beh BABiSH o Bligrbpecia
fetorediin S RAMarsipanpl e enbodi nent of the present
invention. 12 Detail ed Description of the Exanple

Figure Rodiviethe sschaee cextampkad ¢nd b@lhtyanﬁ%ecb@rmpeﬁalﬂngated features

i nventiqn _provjd hot ol i rocess
ARIPpIan SR Bs T GUEGHe ST gl SapHB LN el umination
Rﬁﬁwte??;%@arpéwr@?@s' st layer formed on a wafer. Sone

exanpl e enbodi nents provide a nethod to design and
Figurefait shaws a ppotigraph apipnwridoganaleeatacts Palterrd@ps acqaidiag to an

%'ééﬁ*@heeéﬁgﬁﬁﬁe%?g{e”ﬁ%m describe a nethod to

timZe I - éxposure process. In a
Figures 8ooatl 88 ahpivesirapiiftedi smmmm répmsentuhoas otibh iexample of the

N T T

%ﬂﬁﬁl@@p@ggredgm%for singl e exposure process using
conmposite aperture using the results fromthe first

Figurema@gr@pérﬁﬁ@m rasponsa of terweaksshppfermansednatsigt(featyxe) of each

IR Lo Bl R B g BB B o
dxangle embommentz)édwe lmmémlorexposur e process. Fi gur es

Foures s 1 eSS B Sl SR0% 88 A2 e apertre
36 Lol cs1Rp6sitd At B HcBb A PtoAb eiFeEample 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.
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pattern fidelity paranmeter for both a first pattern

type and a second pattern type. A provide a photonask

design to print a photoresist pattern with at |east a

first type pattern and a second type W provide a

phot omask 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

13 patterns have features that can be advant ageously

patterned using different illumnnation conditions.

The phot omask desi gn can be a conputer rendered

desi gn. The photomask design can be used to nmake a

phot omashe{Alcd Ded@igtiditof HEERAMHMEAbSRAeMEs and

phot omask al so have first and second type patterns

that are transferred onto a photoresist |layer with a

exposure and devel opnent process. pattern types The

pattern types are groups (or regions) of features that

Gumd exampicosratodivnents ohgredéefif invantioni grovide maphatolithography

conditions. Non-linjting exanples of features are .
procesd il My exereiren Hkalidh 7 st BRpOmask o RefiSwbn Bhotgresist
layer BihéPBR%S Whfeyari ous aspect ratios, long trenches

within the resist, L-bar shapes and general 2-D

fane esamplnembodinians pevile a matled tosdesigroapg form a composite
I ol nt pattern types are features that
apeﬂugé;%ﬁﬁ g@%d%t}uﬁ hEgrENt P yp

erent ‘1) rayleigh constant ranges, 2)
feature shapes or feature shape types, and/or 3)

feature orientations., Exanples of thr pattern types

IR A HetetyelP A B e eci o B A BETOR RGBS i oo e
multi-&ipBalise Hreebss 1RatdeebAd haGanilEamRidahemtons Hasdride &Kinulti-

l ess than or equal to 0.5, . _
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. Figurés 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

13




sem nested pattern type has a Rayl ei gh constant ( K1)

between 0.5 to 0.75 ; i solated pattern type has a

Rayl ei gh constant ( Ki) greater than or = 0.75; An

exanpl e of different feature shapes (types) is

circular contact holes vs trench patterns or |ong

stretched contact pattern with various |ength. For
patterRAHR Bl 04 L €n b RRNANRICBHRY paReled g e Jumination
condMExanple of different feature orientations are:

dRERoasbBEn odf 6FetPrishi I 0g80s Mk phdBhask
deS|gn| ¢ahe§e ugédt@manplaq;hoftcbrgaﬁe(ezg sétmr@) Trn@gaot@rnmaws@ﬂand
gure 2D shows |ines, at

photoragh &80 heuS Aet e speana iR s an et i (ReSIBHPRTIA P on
wher e cont act
photor S P e A o ReA A itre 26 shows
ort hogonal contact holes. Figure 2F shows
it ﬁn ort hogonal contact holes. Figure 2K shows a
pa erB EP%@raph of non-orthogonal contact holes. ((1)
Rﬂffeﬁ‘;i&!é@:@ typbaraaeigrad)psNon rédib i) of dgtetesahst &n wmﬂpmiwed by
Contact in Logic Iayout%| Three contacts_.in a ra tfl
using wﬁgwaﬂtauu@vgmmdgw Rn-IiRENg pxamples af fatyigs gre lines, line
and sﬂa%fe%ﬁ?@%nﬁﬁl Q%%a&?ﬁgle%?g@;@é%%;sgﬂvggté%sgaﬁ%cﬁ rétfos, long
trenches imathirathieoasist, Thieart dhiapds vad general 2aD feqtrdss gingk eambinations
h gﬁg‘t act at a random pitch common to | ogic designs.
ereo her exanple of different feature shape is island

amelehexuiapleb @ﬁﬂﬁfeeent/@tteﬁhﬂjmsiaﬂe fe?ajuwee tR43 cam dvedtiffierent 1)
feature resenbl es resi

f
rayleighy LA SIA B AGAR 4) oA G HEPES OF L2t SRS RSk ehEE %%ﬁ%@éure

or:entﬁﬁ%@pl e is standard line and |line end st ructure.
IS exanple, one needs to get certain size of I|ne

riesotpies ohthber pattemigpendefinadiy difekasd Rayleigh egrdact ranges are:
ZBS{% gﬂgﬁg tegpuo?é{:er%ﬁ}jan Ekzg*e%ggﬁ&ants( KaB 3s than or equal to

« semi nested pattern type has a Rayleigh constant ( K1) between 0.5 t0 0.75;

» isolated pattern type has a Rayleigh constant { Ky) greater than or = 0.75;

An example of differen’g 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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structures. An aspect is where the pattern types that

are not differentiated/defined by duty ratios or duty
rati o ranges or Rayl ei gh constant ranges. The

enbodi ment is applicable to different pattern types

that are not defined by the duty ratio or Rayleigh
constant. B. determning a first exposure process

using a first illumnation condition W deternine a

first exposure process using a first illum nation
donaiztmpla of kifferent] feaiung oueation épnordoribogondidestureorientations

first f
where gapfict RBles Bramal g SHRE Y PrLede. oLt o srobBertitBBng
contact RBIckI F@hre bF whbRRtricdoreR@dnki eontédtaiolddicl udi ng dose)
that wil'l inprove or optimze the first patte

fﬁl@}éﬁ.%sfm@ﬁ@h@togr@wh %réorrpr.i%@gqq%éonﬁéai '@@% ((fh&Reference
f
Targo 4 S et T BRI P
in a ranoowiivgiomre aahomnﬁgwe 2K | the firat faogetpapaaterencs target. The

secong Bl ot PhonrBRQRT v Fnp VTl 3Bl Al Hefed 625 pentaton.

The thﬁf@%ﬁgéf B 4 99eRisatsd tosthaps.a mﬁbﬁu;m&:ha(f(ﬁﬁnoﬁ@@ldgw designs.
quadr upol e, annul ar, pole, etc. hap

t
d%/ﬂoéﬁﬁirﬂmg”(@? pf aﬁf@rarnéea’fwes%hanel iy r'ﬁ’@f?ﬁ ﬁ% winsiey fqadie. As
shownﬁﬂ uﬂaoéG' i fﬂi@ﬁlﬂfjﬁg% t%%eﬁll%ife% 2Bist Epad® 28 tRWrliniRure 2H,

perceh ose split between two or nore
an islwxiﬁestureesasemtéesi tdsistilinat i on condi ti ons can be set by

54 BSo8 5 R KAl PE e Rl i cvamoe

one nédRItb Yt céﬁalh%lzegeﬂﬁfea‘esb!h&orabelaat\/thérsen19 thé te keedlne end
transmtted thru to the mask. The enmbodinment is no

shorteningi a%ﬂn@lbagpeﬁs@!@aﬂ" S!saﬁ aﬂ%@aappb@ataﬁﬁo fppee 8nd geesaen

structdr@?.t changes the light intensity distribution to the
reticle. An inportant illum nation condition is the
aaneasspﬁoeistwpere tRermatteemiybes that ene ent diffaantintadiadfingdi by duty

ratios %Wﬂn@ rStis re{ncguesac;r F?fy?éltgrlfrcgnétgntkr%%}sgs 8m§55i%1991t 'EQappiicabEe
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 iltumination 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.

[Humination condition can comprise illumination parameters including, for

example, Numerical Aperture (NA), partial coherence settings, polarization, focus,
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i solated and isol ated pattern type (Rayl eigh (K)
range) and that a Quadrupol e aperture is typically
weakest in performance for those pattern types.
Preferably, the first aperture and said second
aperture have different configurations, (e.g.,
openi ngs have different areas, |ocations and/or

apenu%‘&ag)%ﬁ)ngmsésﬁégﬁétaﬁehh%fe@t b@@n@r@rtglpé l(@g I éuéiﬁb@él@l aasliar,

M ze at st a first pattern fidel
dipole, p@tcaﬁbam of epening(spianst The piestdaraiaption ﬁ@rﬁ@ﬁ@ﬁ! d@@ﬁ Botipelude

doso  REHERER. B g5t AL EER e bk BRGETR i lr ror

exposiFaskTies ﬂiumlmfmunmmﬁmsfcautkm st IWEEbJustm@rtba rsettmfgs of the
rocess

exposd;\z;:eﬁggl\?v P Rgglé.p %pﬁ%ﬂing&ﬁﬁa%&!’% Fhe %y aperture isin

generéi‘?ﬁ@ atddr \ﬁhér% lighl cdn be dRMSMiteH ﬂ@@l@it@dﬂé@l@tﬂfeeer’ﬁb@(ﬁment is
trary feature size bias, sidelobe printi

i |'m
not Im'uteééo stopi pletgednd cameg any hasgfidevise Bntchandssag il@wgntenssty

i ghted conbi nations thereof or weighted
d’Str'b%&ﬁLﬁ% h? ‘gi éNe ranges thereof. The pattern fidelity

pa iafimireint ttlamu’ruﬁlomia:rdnﬁltfan:nstnempmturehymmn%reemnqﬂe; sed
i nati on, of the above anet.ers

f
conve o NBmiSRor Uaics a&%e&aﬁ Tt OGS RN, ST
1solate‘ﬂeérﬁf‘t%§1‘§té@;5étﬁ#h S@e @ﬁ (KPHNGE PARY |th§lC§QL@6ﬂJp%W9perture

nest feature determning a second
is typmt!ydmak@sbnmﬁé@sma@w]@reth@@@aitem ItYR&$. nat i on

SR 5ot G 85 SHE A5y SEGRIL SAPRYSRR,
configWtdtibns, Mergyvepeatingselasite differcht astasphiceoms andfet sma;pes)

par aJ r for. the cond type, ttern. The second

eenimsiiensanaion K evprnoel 1 opURirRmdpas A et Belipr
fldelltycﬁéiah{é?értfglethehﬁst tyPabbitédn aahserbs® thagretoredigcus,

aperture $ .g., pupil shape and area) and pupil

The pattern fidelity parameter can include: depth of focus, critical dimension
(CD), mask error enhancement factor (MEEF), amount of line-end pullback, process
window, common process window, necking, bridging, resist collapse, dose-to-size £1:1,
dense fo 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 parémeter 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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type. The first illum nation condition does not

i ncl ude dose. The second illum nation condition is
deternmined to optinmze at least the first pattern
fidelity paraneter for the second type pattern
transfer onto the photoresist from the photomask
design. It should be noted that the first and second

hrd %@rﬂ@%tbﬁﬂm@%ﬂ%ddn@@p%@ﬁre‘%cé&eus;ﬁ@ﬁ%e@@ﬁ@ {if@nation

type, wth different settings. For exanple, one
conditioodihat wil énprovierad teasd thaifingp palterapdetiyrnarametarier thersecond type
atter and a second quadrupol e aperture for the second
P r?Ilum nation condition, where the first and second

HRC4BHk Siufnias, S5 F BB 298co aflFlPE BTHAICAA fbiuce

0sé r'st” exposure process
Na, paatial%@ﬁ@r@lcexmsuf@msaeﬁme (ehe, @epmeﬂamamﬂsarﬁ) and pupll

ocess. t hat attern fidelit t
type. Tt TRD RO et AR Eng shcond type.
ﬁ%t@écﬁnﬁm%méﬁbrﬁcmtz&{ RRict¥enifed &) Gptisiza ok Iéa%i the first

exposure dose f he first GXBOSUI‘G pProcess

patterrs Bdelityl pasapoziar @r d;hts@echnd type pedesritanskeroylie éhq)pb@t@gegﬁlst from
the phé%ﬂ%&%‘gg@&e (or balances) the pattern fidelity

or the both the first type pattern and
G20 b O] BT a% oTORCOR Mo ERaTaR, Efuse e
same ép@lﬁhretty;?@anmmheilﬁérent sdtinds. For epatnplr, oneycpeldoliassa fitsd
attern fi ty. parameter f he second ttern
quadrq%%ap?@érg @rg‘n fl!”g @sgfonti)—ﬂgéac%a Ie%e(ty%) rgh%ﬁagpnd
|IIum;ntah§n EhAGHH®, Wvﬁhfrettﬁ@ﬂﬁé?faﬂh s%ﬁ@ﬁ&kiu@dfﬂﬁﬁlet@h@.@:ﬂlﬁerent settings.
[um nation node (e.g., aperture type). |f the

photomask has 3 or nore pattern types, we can perform

three or nore exposures with dose splits as describe

above. 17 I1. Another Exanple of process with multiple
D.akgteAnirdag a fhspexposiird tiosé i fosthe 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




enbodi nent Figure 7 shows a flowhart of a

phot ol i t hography process with nmultiple exposures
according to an exanpl e enbodi nent of the present
invention. In Step 1001, we provide a substrate having
a photoresist fornmed thereover. The substrate can be
a wafer or any other suitable structure. A Step 1002,
providing a photomask with a first type pattern and a
second type pattern In step 1002, we provide a
photomask with a first type pattern and a second type
pattern fornmed therein aligned above the wafer. The
first and second pattern types are describe above. B

il. AnoPéf BXx&inple 8f biddes AR Ml tiptd eppesuricse- ABpkerafthetirst

first dose and with a first illumnation condition In
st ependuslim@@tperform a first exposure through the
photomask at first dose and with a first illumnation

condition. It is inportant to note that the dose
ERQe 7 SHOIRSHTIBWERAT 8V phStoRRAFATE froeéssPaith muiple exposures

fromthe first illum nation condition. The
according wramaxaropleconkrdiment eftheiniese dventignd nat i ng
parameters of nunerical aperture (NA), signma val ue
(pPter HRQE wBVids awRBlRlp NRVING Fephtorpsist igsmag thetasypr. The
il [ | 1 ; The illum nation
SUbStr%%né(ﬁnﬁ%& éé'{elﬂa@ﬁg%rlﬁg%é%%\%ﬁ he dose splits for
each exposure are a separate paranmeters that are set

A.tS8ep dP0npravidingsa phptompsie wig a Ssstiypedrattarnnapdiacgegond
for the CWBQ{_{W of the first, second ... nth
pattern types: “The first illumnation condition is
?r? tétee% OnOEf?_(?I \/\}t:;oprgeitdleré\1 gheotgrtnalsl%%vslt% aafirséﬂy%%tp%?tern 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 (), 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 fidelity paraneter for the first type pattern
transfer onto the photoresist fromthe photomask. The
first dose is not determned to optim ze the first

pattern fidelity paranmeter for transfer of the first

type pattern onto the photoresist fromthe photomask.

C. performng a second exposure through the photonask

e ARl gn Bon o 1 S e W g e tbclectad
patterrefigeaityparaniteteudr thadirghypepaidérn hansfesentorite pbgtoregist from the
hot with a second illum nating condition. The second
photomasK; i nat i on condition is deternined to optinmize the

finestrstfdseas Mot Hé@ehiney to@ptinBiethel st pdiens édeig phydrmeter for
attern transfer onto the photoresist fromthe
0

transfq%mﬁmﬁ]ﬁ@ktypﬂ{@tt@& Bn@ tassbotrepist frerettae RPAloMass-

optim ze the first pattern fidelity paranmeter for
transfer of the second type pattern onto the

Cﬁﬂ% secg'hg; ?%% %gé?%ﬂ%t:on I't hoﬁ‘;ee%ﬁt%ﬁ E%g#( eérttébﬁts.éé%l?& dose
Det er m ni agdiwi¢h daeeonl illumihating lconditieep, the first
dose and second dose are determ ned by optim zing

IReferingtie ster $804hara perform asrreRd reRqsuEe ftB'EOUQBdhﬁP%E’WaSk
at a se%%ﬂ?'d%%'a?lﬁ \A‘ﬂ;h éES%SM i{%nﬁ%ﬁﬁmg%%ﬁﬁi%ﬂ. and_second type
pa onto €

ern"transterre hot oresi st. The pattern
firdeddcond flmaimatier sembtion is deterndesd to betinize e filst pattern

et S S LaRS e BT B R rom o

photo,ﬁggg_oresi st pattern. The photolithographic process can
further include defining a nmerit function that i

Jdersadossd deme (s BoksieierBISes felepimizedas T spatisin fideity parameter
S o _ .
o o BB B P,
FHERIEbIE X PEFHEEand 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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process that optim zes the nerit function. 19 F
Exanpl es Exanple - isolated vs dense pattern type -
DOF - conventional and quasar aperture In an exanple
of the above enbodi ment, we provide a nmask design with
two pattern types. First pattern type is
sem -isolated 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 wll work well
on the First pattern type ( sem -isolated features).
The quasar aperture will work well on the second
Fgfttenn type (highly nested features). W select a
FXPPIER posure process that has first illumnation
conditions: including a conventional aperture. Note,
we have not deternmined a first dose yet. Figure 3A
4] ust enlcie S
Examhle” B ey P oA RIERPLydd IO » coRveRRhg| iR GRRSar
apertureght 314 passes froma |ight source thru the aperture
301 thru the mask 304 and |l ens 306 onto a resist |ayer
30 anaxampde slithet alzdve SilfodiMént steeptovialese st desigoswitletwo
ﬁhpcess that has second illum nation conditions
patleri WPe8di ng a Quasar aperture: Figure 3B illustrates the
FEGPPEERRYEL L SHrpCSsiatedaBtAE Op pl ate 303 has a
ASAR aperture 302. Light 314 passes froma I|ight
od peern tiwe iaplnurestadfeatires  t he mask 304 and |
l 48NS .5t 308 over a substrate 310. |
l@%t?égegng@%gty?ﬁéﬁgﬁ‘ﬁﬁéé 1%% and second dose to
optim ze the pattern fidelity

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 for both the first and second pattern types.
The procedure here is to map out the response of the
weakest performance netric (feature) of each given
illum nation node (aperture type) as a function of
dose 20 (e.g., as shown in Figure 4). During the
initial sub-conponent optimzation, it wll be

(e.g., éiseérﬁm RelgwRi Ah RERY the Gnifi gaduBLesmssndtit bpheszatibh it Will be
that sub- conponent Optl m zat1 on are superi or and

determined Whighespsetiiedpattirasereriiches withinethak sep-cpaProeReRiignization
are su@g %%Whg’bﬁg%\g?%gwﬂn“% drh iéfng,egf @%ﬁ@?bg{% :ﬁor exagmple
we kndde fhidt fulfy-eatedsfeatlires wﬂfmotimt@dasmmﬁmnmtmm atodealemonstrate
argo GAMRIHER, ) RBo Bl Lo b S G G bures
(SRAFSH @erfdlld)st.é/m gresiREY Aenbasi® Bergesied Wig, BRAESs 86 ehadf fully

| er di nensi ons than t%/ pi cal contacts to
S

nestecheeasis baetussa therSMAFs gre ebmeeh smadsadimaensipnisthan bpical
cortadkE g, SGUERATS oy ESEPRSEC LU SRIRIRARORAELT Vbl
respor(s@doumiatedr@clb:)taﬁswm SAAFy. Nﬁisereas rths pdinrecanupdneot #tedhation
nt act. ith S t havi
mode {EEP PR GreTA BamGnETIoNSP th TR0 e bR AEs
becau@é ﬁ(ilél pEhSlinPRDrSasia Nsstbatredtne rahﬁfmtlohﬁﬁ%% been optimized
| sol ated Contacts with SRAFs are chosen as th

to pro@mmngr%@ﬁbﬁg@teeﬁ PefieMEnEsar-iasep biokied Q:?é\mﬁ With SRAFs
are chéls?ﬁj%gtl’zﬁq YVEEI%S‘P dU?l's ﬁzgagé’r‘ Mmbdhdrr M of Dose

|ne I'ntersection point of
tkafsemguo vigare 4, hbe@ptlmmpradzese poit irhterpsiafitiosk Sgliewdl be

defmeg Mdﬁg l%ﬁ%@yp ft tgaegr-é ﬁyrvegg‘P t?%ggé)m' %E%%' ig -(t)ge point(s) where

the tot3RBHOM fé?ﬂeth(;:ﬁlg:l rheded (eg.Dib ( fIOﬂ)O mﬂ WISIRGF) bedl semi-iso (p340-
i's shown in 1, the optinal Dose

(s
DOF))% |ma><lm§e)6dd73% ﬁﬂiéh’f Xpa(for lspmfn%*f f@r(saﬁ@ri%%@'és%ﬁpwn in
I Mo
Four |47 0ot4 Syt b EoAUGRERET Bk ARRAR UL e
Hlumiradioh adthsa rpiting D e@B@ffFocu YW Weftth3bobicrons.
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
batanced) 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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resolution assist features and p340-DOF is a sem

i sol ated contact (pitch 340 mcrons) As shown in
figure 4, first and second doses (dose splits) are
optim zed (or balanced) by finding the nmaxi nrum DOF
for both the first pattern type (sem -isol ated
features ) and the second pattern type (highly nested
features). The graph bel ow shows the optinmm dose is
first dose = 60 % (conventi onal aperture) and second

#ﬂéﬁagavé%%be(%ﬁfedaﬁﬁédmmbr sifRll&jorl, Bet@PHIHEUBY dose

yie t he naxi num val ue of the DOF(1) (1st pattern
combinatie®) and DOF(2) (2nd pattern type) (e.g., ( DOF(1) =

0.348 and DOF(2)=0.347 therefore DOF(total = 0.695)

Doe Qescabplitioptigtzaiiontas basn damenaiaied pord Oaptiressppueas the

. its. The . .
onmifRIE b FIR0L6, PR SCLAEES R SATRM e
2-D im8pk ifideiytar sorat adufitidres nieteo as émoostimizbiieh paiangster. In an even
‘more eledany eGAFNTE T pRgicREILOREHENEN SRS (e opat 138 gsch of
these MBBRE listedphith ¥ &Pre%?ﬁﬁdiﬁ? HeigranFor BREMbR:, FDMB-of-Focus is the
optim zation paraneter. In an even nore el egant

primary mestie ribistcandprewetsiiter! piobyueith secomgenMvEigNioen PHIRE MESHCS.
o o O By RRSEATRAAL T 054 it s oo

optimizationanction velwey, 8Stndacd linddrprograntreingaeditiqubshtayhibe employed
W, th secondfar¥,\/\/ei ghts on other netrics. This

to optimigE e SAVRLINNEYXh be optimi zed by finding the Dose
Split that provides the highest optimzation function
val ue. Standard |inear programm ng techni ques can be

Examiglr; AbGmizng 2 minafioh dipdhsdae (DRAY RestaiiiRL () sotated
cOntae{y,jpéﬁéfd 6peated Contacts pattern types SRAM designs
are highly nested arrays of various shapes where

frRAMrRsiis@arathighly nested arrays of various shapes where features are at
high risk shapes merging due to poor print fidelity at these extreme resolution
requirements. For these highly nested shapes and to mitigate important line-end
pullback behavior, off-axis lumination 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 detérmining how to select a combination of these exposures

to satisfy both requirements simultaneously.

Figure 2| 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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hi gh risk shapes nmerging due to poor print fidelity at

these extrene resolution requirenents. For these

hi ghly nested shapes and to mitigate inportant

i ne-end pullback behavior, off-axis illum nation

nodes are useful such as Quadrupole. However,

| sol ated random | ogi ¢ contacts print very poorly under

Faire w%ﬂﬁwsltﬁ@%o&ed cORRRE Qﬁ@tﬁé‘l@i@ﬁlyfrﬁ%iéﬁ | GoubBRifYated

than one reticle is a possible solution, S
featurasorseshaxp imfigure 2h s baercrealad UsEcea ﬁiaﬂdﬁgd h‘@WQr&Ional

0

i S FRIRABEHER, o BB TaRIFRE B b IaEdand atow
the shéybe t@gmrﬁi?j& dloteathat tl @tadple(mutaﬁi]manbb pathérghdhpwneiatfigdre 21 is

_grouH eI%E% ed features. .This rf i st pattern was
superigrigd E§Pﬁ§e’§ ﬁh OfSNa A 'eYY ‘E}Jtl m zed (using

an exanpl e enbodlnent of the invention) to print

Theceampleatniselment inGhibs dese ghian P2t &FiNpstas] 23] st of

. .the isolated contact ,angd t nested group of

optimiga Dhig B e Mokt P eSY 4B0SR SRAeTH 4T B & 21 t i o LI mo

created using a Standard conventional ||l um nation

with a circular aperture. Note the tendency of the

resist to erode and allow the shapes to bridge. Note
ExampleatOphmmmrﬁJilEemmbtndh wemditomafare (1) Istedspaden anidy2) eontact

erior to the conventional illum nation shown

holes PﬂttPF@G\‘Fé $J. This exanpl e enbodi ment invol ves nore

iy drisdanoldestvRtpatornitpses &end) Me/ssutd Bhd QE) &htadtHoles

one nore closely tied to pattern fidelity

l e
patterrobmem AN egampig $mhpiEATS A5 @ﬁd*ﬁdﬁ@eﬁm”ﬁ‘ﬁ 7 ffiminsiion
condltlxhgt na G Gs Mt (@%&8\% #fd resifb €S pattern types

er exa two pattern types are (1)

¥
VYSEHERES Aok asaagh ISIT oPBHRENUgRRo (9) st
for ling Jsbamarrwattem typeendThé tirst patierndiditityeparpinietertve caprioagmize is

DOF A}IEEFrﬁgru %htesdontact 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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We can use a (1) soft quasar (quad + cony) for contact
hol es and (2) annular for |ine /spacer pattern types.
The first pattern fidelity paranmeter we can maxim ze
is DOF MEEF, (for the contact hole pattern type). A
second line pattern fidelity paranmeter we can
maximze 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 exp?sur ocess mﬁhh the first dose and first

Ill. Second pxample s iment mamyHiple SXPRSUES PERGESE process

L.t h the second dose .an 0 i Lum patd !
Bkho e ind SRR ER T ePPaRO M Eoats I B 8o0spany s
illuminatitgh donditichspEret sHcest sixpopaietooessWitiptevdadend dose and second
substrate having a photoresist, fornmed thereover.

. Sl € ! e :
ilumingfiascansitionshwesrasieer BisrRiacest e PRee prrdtiaisiorasphipioresist
patternal i gned above the substrate. The phot omask can be

mounted in an exposure tool. A performa first
Bppswide a hubsitgie havinglophetastsigfommeadsthetsyer.and wi t h

B bitvRle 2 PR E RS DSRALEE aBERRR UsBlch kBl appee the
substratef Mhatphotdrhask @t bagnamed iri amexpgdweiretddir e substrate
or wafer surface is exposed including the first and

A. SE&rPHIn RAist eRpb¥RRSthrbughithe Photbmaskast fivstdoise #fd with a
the first exposure process, B. performa second

exposur e fiFgtdlgminating,geprdifidk at a second dose and

oY S o at o
Ut 8o B Bt esmoR i e R ol tnta B P doBeahil witna frst
illumindivth coditibr? FIeS enifhel SubYrhtaadr WiFef othdd iQ@xFa'é‘@j @Bludire) the

_ substrate or wafer surface is exposed including the
first anglisespnapatteeclypes.pat t ern types.

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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Fi gure 3B shows an exanple of the second exposure
process. |If the photonmask has 3 or nore pattern types,
we can performthree or nore exposures with dose
splits as descri be above. 24 IV. Third exanple
enbodi nent - design or forma conposite aperture In a
third exanpl e enbodi nent, we can use the
mul ti - exposure process fromthe first enbodinment to
create a conposite aperture or design by conbining the
aperture and secaond apertures The dose srpllts
V. Th'F@lexﬁﬁﬁ"ﬁﬁéﬁ“?Qﬁ'&e'ﬁahd%QFéﬁl formagomposite; aperiuirg, oy
filter or other simlar device. For exanple, referring
ﬂmafthig:ﬂeearﬁpie émbbdinfent, sve apense e insiltaexnmsuesmpiaseas from the

frst orp B et AR bt b of el iR BB b HE

apertuf‘eo %@%e‘t:@nd@@éttum% (Fhedosessiits fou &saapertes the be replicated by
nposite aperture, the conventional opening and the

using ﬁgwd‘iﬁ%ﬁéﬁm%@’m@ deyiCesame size and same rel ative
| ocation as in the original conventional aperture and

t he M%@(@Wﬁm@rrbwrﬁng etidure &g ifdies figi apeﬂm@ubatodﬁgent[onai

., a nodul ati ng neans) for ul a
apertufupig TSI RHAREET /5 4 FRAAPerLrd. Thet wasonid P aing tne two
apertuRECRNErARKE Elen%Ofii% éﬂ)érﬂWeY@% fs‘o"ftsduaséﬂd Gir?ﬂf%nébmpos:te
exposure dose splits thru the first and second
apertueepéhe coreeritional oparing@nidbe teasapenanings ae thesage sikwand

s SR LA ol fOP B o

device in the path of the |ight passi n? t hrough the
MNebeme desigh a mpdulatind davica ée gorperula a@éiqam%f@dn@@ﬂatmg

the relg@ﬂ%%ﬁl{éfﬁﬁgﬁ)ﬁ%ﬁ%@ghttng fi dét %gégges gecting. sptetr"tru?é‘@?la]ch\? the first

enr-ng an e resi over

and semhateprgureldbsbmgmtmw theefirstearet ©gatoindi apediubed in dfttiee composite

atterns, the pattern fidelit ar anet er.
aperture ordD s}gn P y P

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 {o 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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A. Aspect - an exposure tool - conposite aperture and
nmodul ati on 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

f f iyl [t usi ng the
B.C%m%éxﬁéﬁﬁ‘é pﬂo%e@s%s?n%%%@é@ﬁfﬁﬁs@tepém

I'te aperture. Figure 6 is an exanple

iJlustration. We.formthe cQ ite. t '

ADe! D is € Sing Bl < BRERS LSRRG Dot e At
Figurel® R\drtxailé ikistragbh.cl e using the first reticle

design. W provide resist over a substrate. W expose

tiag férasinetconsiditetdp@riphotsing ste usmpgsitdaperturpaisio as

‘aperture and the nodulating neans. In a preferred
deSC”@%BE@Xe4:he nmodul ation nmeans is conprised of a grey

ks %VidJQ%rst%ﬁé{efu%fn &he GiRfl rOfcI@a8sighoned so that

I'i ght passing thru oné or nore apertlires passes thru

tWe pgrvige fasisterver asubstraleexpect ed results for the

NG RS RS e sl et B B dperture and the
moduigtifiteans.an opti mal photolithographic process for a

3iven circuit layout and level. A key to this agpFoac?

naarr §fteéfﬁéii&}§@_et3h mﬁSUE\t'P{‘i”&%ﬂ@éﬁéﬁém‘ @@6101‘@@5 y filter. The
grey fi{?%r‘é&a‘?ﬁ@e %ﬁ?éﬁé@ﬁtha-{h?htfﬁds%hgl thRE8he of hRMEBbeltdrel PRkses thru

I mages fromthe optimzed sub-conponents can be
the grexdiiltst. t o generate a conposite image that is superior
overal | than any one process alone. This
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means that after each exposure in a nmultiple exposure
systemthere is a latent inage that is only
devel opabl e (able to be seen) after a specific energy
or dose level has been surpassed. It is the additive
process of these latent images that creates the
conposite image. It is linear because the conposite
image wll have the additive properties of the
sub- conponents according to their dose fractions (i.e
80% Quasar give the image significantly nore Quasar
i ke performance than 20% Quasar). The second |i near
el enent is that once we determ ne the optinmal process
V. Unexpeéctixt resapits for the firah secentead thiothesaimpde apdradiments.
produce the sane process and reduce it fromnultiple
dhpesampie embodimeites liness supespositipr matherh peodsigas andptimal
protoligaFaE BRIER for 4 B RIRAT bBUTBTI FNEE ARel#F}nis bBftoach
understanding teat twarsticas @Eemem:&s cﬂﬁuﬁmroce‘asaﬁ@lmemrt Ree first linear
|Ilw¥1nated surface areﬁ for syst ens de

clemeridh (AL FGAOB NG RPRELE ST TRREE CRe BRGiided to

genera@@‘é‘ AhSpdife |Fnrab¥'tﬁét is Bébeﬂié‘r' oveldINBah afP dnkWrBcess alone. This
nmbi nation approach woul d work. There should be in

meanqothahaft@ eachrx@oadts iom Meiple exasutasysdemdhereds a latent image

that is gh&@%ﬁ&%@&g@#ﬁ&&o@e OO & s@rr%@ff[{: n%r@@r (?oé@ﬁk@éiﬂa% been

wever,” 1n

surpassedpiss tiad edditied ptdoess of ﬁ"rerse latest imeglesdhal cafeatm'ﬂiae edmposite
. to_gther sourc?s of var#atlon hi ntﬁhe I* i fth
image g dagar hepaype the Pormppss irgewil  Aiditive Repperties of the

sub- co?ﬁ?&%t@éc%ﬂ?ﬁlﬁ eFesl 0BsH BadtiBd(BS 83)% AifhsaPgRBaMe image

fied schematl c representations of an_ exanple of
SIQnIfEQaﬁ@ymrm(éumb&@ perfpapargerthen 8P4 Lyaepi mhgaecend linear

elemegﬁlg&ﬁﬁalgngo uvg% MY tﬂe%ﬂﬁ%‘!‘bﬁweg BRdR0sd I?s fit, WA Seate a

€ exposure nor e xposures
compaoiite appasss bl modiod thevéarge plm:ess epd reltm:cer it frech mbtbm&: exposures

to singgeg%%;?cl?ﬁ%q%ei hg% fgggc? ,%graﬁ{ﬁidﬁr!tle%rig%pf) o I ﬂ? composﬂe aperture is just

the adBRbATR YR MRIdld §Sb-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 composi;(e 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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W determine 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 will have a conventional illum nation
node (conventional aperture) for a first pattern type
region (e.g., line geonetries features). In this
exanpl e, the second illum nation node will use a
quasar illum nation node (quasar aperture) for a
second pattern type region (e.g., holes with another
spatial frequency and other geonetry features). Note
that both pattern region are |ocated on the sane mask.
The illum nation conditions (not dose) for each
illum nation node are optimzed for the chosen
pattern type region (e.g., feature geonetry, spacing,
V. Iliugfﬂaﬁk}erﬂmPLE&DﬂFétabnd 'seBBHAAMPIB@MbodimdritsS poi nt
oth exposures are processes at full doses to achieve

Fiuire BARETd EDshd@simplifizdasdieinasit eppreventafibhstbzen tkample of
attern fidelity paraneter ricze

p . .(I,itg)o erfor ce t
the dodlpE3EOBHE RSB REIPIBLOPBRZAP S TP e AL LIRS kepast
Schen® Tﬁ@&&lrﬂ@ﬁ%hg%% (ftﬂldgé ex;F(?iuré BRREIRCS ¥ Arotb @RPodlas are

maxi m zes e pattern fidelity netricts. The dose split
possibls sinply the fraction of the total energy given to

oBSDutg P A5E% AP TRG ARRR" LUE4 408 6% A B9kovides
Ve elessink Makequipat Peitas Fideiite pasdmeter/getecs3A shows a
rough illustration of the fi rstqﬁixposure step usin

t/he detesmirsio RaK 119 PUEREPNY PneR EXPRI YR P HSediotdhr u
exposxﬁ%’%t&ﬁé‘%%‘f‘h‘s&Bﬂer&ﬁ%f&n@ihﬁtioﬁ Rodes '??g%?ﬁlgn%s{): @tthi%%xample,

ns ‘and onto the resist over a wafer. .
the firsh spepswilldtayp aurinvgntioral fllunination mediedeenemtinpaleanesture) for a

, signed to t1 ' . ' .

st 5 BRETeh 38, Sl BE (e PR B VRS v o

illumingibn etodeswifl /86t Quasaf illuatisdtichosedasquiaiae apenet) for 4 Second
previous step) is chosen to optim ze the pattern

patterd 1ypel PEN i s Hales with aoihesSpatald anpasy gaf Dlish segpstry

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 splitis

simply the fraction of the total energy given to each illumination mode (aperture type).
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and the second pattern type regions on the reticle.
Next, referring to figure 3B, we performa second
exposure using the second illum nation node (here
gquasar aperture). A second dose light passes thru the
same reticle onto the resist over the wafer (or other
structure). The resist is then devel oped. VII. exanple

Now th%lft HBP@S Lfd &&eﬁmgﬁ wr%sﬁén us& ﬂ“‘%’g&ﬁqlﬁ ee?;ﬁ’@srtfre'?)?oée% to make

e éxposure exa results tormthe
paﬂemehveﬂbe exposure pattern fidelity optim zation are
used to create a conposite aperture for a single
exposure processes. Figure 5 shows a rough

iFiduss BIRedHANS @froddma|9§tm4mtofcmelﬁrsa@&péwre sﬁﬁihstiﬁ@the
Iguasar aperture used in the exanpl e above.
conve

m@éllfuma{c&wﬁeﬁe eLlﬁbéP@%ﬁeé AR *@ﬁ qoeve%wr@bepemre, thru the
mask, Wh'hrﬂhé R&\ORRNE AT thd FuRtdver g%afentﬁherfﬁ\ét &8s %fe_fPhlZéhqg the first

uasar openings formthe quasar aperture.
|||ummancaanmd iP desrgneah tcobeﬂtekre:)rameme ﬁ@ﬁ patternigpe mgiesiltie important

o ot LS B e B S B880 81 e peviws

step) @Bﬁéééﬁ © drﬁinﬁl@évtﬁesﬁéiterﬁ f@eﬁﬂyﬁﬂétﬁc@&ﬂ% Rt PHeOMespattern type
igure 6 shows a rough represent ation of an exanple of

and th@ﬁéc@fﬁﬁ patterrdiipe Eegieifodd ffifeiticle. si ngl e exposure with
'i(ﬁeq(‘t”reﬁe?ﬁn cg urbHEOURH (E rrh%ogec%ﬁﬁ F()@ure%ﬁﬂj {P9Sebnd

e conpos pérture. "Figure rates a
illumination omide hareeqttaﬁae apertp:re)sé seobnddesnlight pesseithau the same

. _openin ol e ertur The conposite
reticleQBE)r{hggrg g@"?@H %n(of ﬂﬁfeﬁélirgﬁ@?)ure stop plate 650.
hmeQRSikals thBn del@bpedasses thru the openings in the
conposite aperture. 29 Figure 6 shows, |ight source

670, corrposHe aperture 660 in stop pI ate 650, grey

VL. exfg;J 'of A2 gq?g@%ﬁh@é’tﬂmérﬁnsc F&osﬂ@‘ép‘éﬁﬁx‘r ?oﬁé@g@%’l Ekposure

A ortant el enent f10n
qiﬁ‘t!l’aé@xaﬁﬂ@le ﬁ}e@resulW@])thé@ﬁulﬁ@@Ueﬁéds[lﬂa 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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the light dose transmtted thru the two aperture type
openi ng (here conventional and quasar openings). In

this exanple, a grey filter 640 is used as nodul ati on
nmeans to achieve proper dose balance as in the first
enmbodi nent. If nore light is passes through

conventi onal opening (as determ ned by conventiona

SREDL P ARE ) CRREPER fofprBiB3pe AP0, AbgBlatc 50, orey
filter 64(henasigbd® lemed2@ andresist Ghd ovérr suighrata 610.n this
le, th filter i t .pl ' .
A o poptaat Fag s eimSdafilfone® B525 G /g o Bliiating
the lighit@iReIRaristitiédl thr( heaBidGpgrtiery typd besning (hateasaventional and

openi ng and not conventional) when th uasar, gpenin
quasar SoATIRGRY % Hils X SDRPe AN RICTSHER A o0 A TR qg VA Eeans to

sio/S 344858 AR S0F988 AP BB I 3981 o
convemteEgiabapenifig { Aedetermitied byRiapvestianal lspasing area as compared to

represent ati on _cor i [ .t h .
auasaf GRrERs gtrap: 4 BuuRe canas Pageh el Y bl Bafons? §Bpfing v
reducd he Ighelhreggh B. in tHisexdraplapie drckéiltyr isnpoppReedtethe path of
) into the aperture. Figure 6_is schenatic draw n on#_ ,
light pagsinginry feadvaniusplegrEpingsal Be feYares Is HRi(Pigrng afeey &K@yr on

j I TN a]a% ' r
auasaChgcrif 3Hd pBPERNCABLAR whBR U6 BliaSar opentis e e
convential dperingpEhis way thesofreat relatiye sloamgoss dvbictiicherieningtype to

. b q Dok il .
cctio 1o BV PRGEHIOInSHBE TR TRTERLLENETRNE" ©
under standi ng of the present invention. Those skilled
T R g e T
conveWSbenihb. wae%dtuﬁz)ré’cgl\ébf’%' grBQuBNRriltet & A& 1KV ih86porated

e art™t t present” 1 hventi on may _be ]
into thpregettutee oF ighiten® it sahestaticdisawingsonly, ractud decating hderysscale filter

ediizd . AinB
ana anflep Py P P Be i necessar 1 1y obscure |

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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the present invention. Gven the variety of
enbodi nents of the present invention just described,
the above description and illustrations show not be
taken as limting the scope of the present invention
defined by the clainms. Wiile the invention has been
particularly shown and described with reference to
knowntﬁ?@cé&'sq{aﬁfer 5 RERQLSERR it LR ordiet tohdtl urP@cessarily obscure
nderstood by those skilled in the art that various
the praseahigesniion.f orm and details may be nade wit hout
departing fromthe spirit and scope of the invention.
It is intended to cover various nodifications and
%iﬁér’q e \worlregmg‘ﬁé‘ml _bbﬁirramﬂsh ?fmeqdasmlign\mgdiohﬁmstsigsgﬁ)m, the
t he appended clains therefqre should, be corde e
abovelsEewAREN AT UypTacas DRSS (LAt UM E o8 h e

preserffldnti6AUeRREd B%\ﬂe 8lalfhd.ar arrangenents and
procedures. 31 Wiat is claimed is: 1. A nmethod to
dbilarhednyansionpheisdagen pathiedlaily sihown pad tieseriksst with reference to
h resi ' Yol -
the préfg s ofticpimiis ool iy B RCTHBAR A SSTRRER the art that
varioupkhasgessingornp aht elctailsi by bt nadestitao dti depiartingfeom the spirit and
pattern and second type pattern; determning.a, first
sc0pe @} Hiseiih N iTb A BATREIRE (8 0PV otaroHp GGG GBR AT
arrandefintdbhd prddBRALAE apll th&asdpoPRbidphBniedBlairhy therefore should
parameter for the first type pattern; said first =
be acdorderhthesirpades dntgraretaion sapts toencantriass @il gyek madifications and
. ' i [ ] j condition is determned to
Sim"aﬁsﬁk)%cé%ﬁ%#s Fégg)?&s%dag%attern fidelity paraneter for
said first type pattern transfer onto said
photoresi st; determ ning a second exposure process
using a second illumnation condition that wl]l

i nprove at |east the pattern fidelity paraneter for
the second type pattern;
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said second illum nation condition conprises a second
aperture; said second illumnation condition is
determined to inprove at |east said pattern fidelity
paranmeter for said second type pattern transfer onto
said photoresist from said photomask design; then
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. 32 2. The nethod of
claim1 which further conprises: providing a substrate
havi ng a photoresist fornmed thereover providing a

What iphleiroaéék f or med using said phot onmask design aligned
above said substrate; performng a first exposure
t hrough sai d photomask at the first dose and with
said first illum nating condition; performng a second

1. A feiotle e bage e SRIGHRRAL PG 4 aatie o1 PESLTRE TG fvo or
more éXpo§lirdi prodeddeisWdmiptisigr includes: creating a

conposite aperture design by conbining the first
proRRfid & bRoRAThskaf®ish toaRet bUiidtordeist gattary vatmadeasttd gt type

means for nodulating the relative transm ssion through
paBem ang a gpeendiypedtaitesscond aperture to all ow the
first exposure dose through the first aperture of

detéﬁhﬂir?%mﬂfe ekgoane Hrotassdewiga fimniluhinatidrosenditom that will

second expose dose through the second,a?erture of said
dBRisySiat écast a pattern fidelity parameter for the first type pattern;

said first illumination condition comprises a first aperture;
said first illumination condition is determined to improve at least said pattern

fidelity parameter for said first type pattern transfer onto said 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;

said second illumination condition comprises a second aperture,

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

photoresist from said photomask design; then

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.
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aperture design. 4. The nmethod of claim 1 which
further conprises: creating a conposite aperture
desi gn by conbining the first aperture and second
aperture to forma conposite aperture design;

desi gning a nodul ati ng neans for nodul ating the
relative transm ssion through the first aperture and

2. The$REMDE o@@%rmw\@h*bﬁf@m&vuoﬁm:sfesr st exposure dose
through the first aperture of said conposite aperture

deS| n and t | | ow 33 ose dose through
previdBadaytisftat MG g forBE SRR aRe Bal 1y o

design; formng a exposure tool conprised of (1) the
poopidishteeptagiemisk Erfredmeingisaid gphotanaskcdesigs atigned above said
%ggrt%%e design, and (2) a nodul ati on neans for

tng the relative transm ssion through the first
aperture and second aperture formed using the design
cpferfsemmgrmﬂnst ax@osglrerﬁuoegh SaidTietomasio @t dte tishdese and with

t he tlon of the pattern fidelity

ﬁgFgﬁgF@P”mEgﬁﬂ Oaetermnlng the first and second
dose so to nHX|n1ze the total of the addition of the

werfioemingf a d@ctdrldyemsaﬁeemeaugﬂmaid hbofoimask atyhe speanddese and
and th t1 ranmeter for the second
t\ﬂg}ﬁ%ﬁ@ﬁ?@%f}f l'ém'nﬁig' '(S‘gﬁof claim1 which further
conprises: maeking a conposite aperture design by

conmbining the first aperture and second apertures to
forma conposite aperture design; form ng a nodul ating

3. ThefFﬁéfF@ddﬁ%la% f AhichagehatihBadedie rel ative transnmi ssion

rough |rst aperture and second aperture to
| the f
et B hele AR B R d B Eeb B Gl ano secons
aperture;

designing a modulating means for modulating the relative transmission through
the first aperture and second aperture to allow the first exposure dose
through the first aperture of said composite aperture design and to allow
the second expose dose through the second aperture of said composite

aperture design.

4. The method of claim 1 which further comprises:

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

aperture 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
through the first aperture of said composite aperture design and to allow
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all ow the second expose dose through the second
aperture of said conposite aperture design; formng a
conposite aperture using said conposite aperture
design; form ng a nodul ati ng nmeans usi ng said
nodul ati ng neans design; providing a first reticle
made using said first reticle design; providing resist

over ﬁﬁes e osﬁﬂgsémeﬁgiﬁ‘%esﬁdénﬂ%?ﬂeﬁhr&& $Hid t&¥nposite
phot ona usi ng the conposite aperture and

nodul apenhtg‘a@tgn; 34 7. The nethod of claim1 wherein:
the first illum nation condition conprises: Nunerical

i é%xfab@re t@@!rédn%ns%@rtﬁ‘r(‘?ﬁ% coRhdsiEBperture formed using

po ar zat focus, aperture type, and aperture
ar ea; saileossite apeHture desigare atmeglainieass for

Blgrg: Irriog @ﬁ%r @é’F&a&Mranﬁﬁfs%foﬁlthr%?nBﬁrtﬁ@ﬁrest E?%frnéégﬁhd second

area. aﬁertJﬂ@za‘oﬂ‘Eé@Qdmgfth@ Heszgnbfwbmirrao@uia&rag chefang st
type pattern is a nested feature; said second type

5. Th%@%{fﬁo{cﬂoﬁ%@{ ) %@r@lﬂ the ?é@%%tz&‘? BF #6L pafdifh fﬁ@la@ parameter

Ctel par ane resi st erosi
compriges detarginifg tﬁ'd‘lférsnmtm edcarid dd)m $0 tb marinezathestatal of thesaddition

type pattern co ri_se feat yr .
of the el R de) Yrasan el O DR SuEe Baleacth il doeuy
param@l%trtfcﬁ'rtﬂefs'e%ﬁd tWe pﬁﬂt"eﬂﬁmter i's DG: or MEEF. 10. The

hod of claim 1 wherein: the pattern fidelity
6. Thepr%étﬁgg c aim 1%ﬁicﬁ?urther comprises:

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

apertures to form a composite aperture design;

forming a modulating means design for modulating the relative transmission
through the first aperture and second aperture fo allow the first exposure
dose through the first aperture of said composite aperture design and to
allow the second expose dose through the second aperture of said

composite aperture design,
forming a composite aperture using said composite aperture design;
forming a modulating rr;eans using said modulating means design;
providing a first reticle made using said first reticle design;
providing resist over a substrate; and

exposing said resist using the photomask using the composite aperture and the

modulating means.
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depth of focus, critical dinension (CD), mask error
enhancenent factor (MEEF), anount of |ine-end
pul | back, process wi ndow, commobn process w ndow,
necking, bridging, resist collapse, dose-to-size
E1l:1, dense to isolated feature bias, arbitrary
feature size bias, sidelobe printing, filmloss,

7. Théh@ﬁ*{yjﬂ (hf AR . H’e‘?éﬁ' ution and conbi nations thereof;

or weighted co |nat|ons thereof or wei ghted

Qi?é*ﬁr‘s'ﬂﬁih Héud?fcdrﬁ!ﬂg)%scl 11. The nethod of

laim 1 ereln sal r st type pattern and said
m&eﬂ Ppertpes NN paauaéc@mfpmes gettings, fhedarigagen, 9sUs,he

eat.ure lines, |line and space
Fé eﬁ@%t n&%%%ﬁ%gtaqﬁ l es and el li pses of various

aspect rati os, long trenches within the resist, L-bar
shapes and D features, and conbi nati ons

al
e paesnd ‘UH'%"’?EI“PQtCOf’?'B@”ﬁgmpé'rsﬁ Sand second type
pl%h%ﬁﬁal%ﬁerﬁ?rg' ﬂﬂ? p%i‘rt!él%%héfe@r%e%ﬁ s, PHakestRH, $dcus,

pattern can oved using dif erent
|aabdﬁkhﬁpebaﬂdGDQ@WBNﬁﬂ@ 12 A method to optimze the
optical transfer of a pattern onto photoresist using
two or nore exposure processes conprising: providing
a photonmask design to print a photoresist pattern with

8. Thé‘tmetﬁéﬁtof didifnl Bivh&MRE saRPfirselyPe Ptteth BarAeled Yé&ure said
pattern; the first type pattern and second ty

secongatecpatiesn sonwgisen ansfolatedcentastinand saidp ﬁ@*{t@’ﬂégfleyty parameter
is i‘GSI&aﬁth)&{)H%r%ﬁBgag | nproved by using different
a n

n nat i on ditions; determining a first exposure
process using a first illumnation condition that wll
9. The rpetbed ciclaidgkwherextseist first iaeinatteripepapisas Lingisprase
featuréé % Id éé’c%%dﬁ?pé g%\t@ern%bﬂ)rfsbﬁ%Bn{aclt HBleBatha s PP drh Hslity
Ises a fir apert ure;
parameter is DOF or MEEF.

10. The method of claim 1 wherein:

the pattern fidelity parameters comprise:

depth of focus, critical dimension (CD), mask error enhancement factor (MEEF),
amount of line-end pullpack, 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.

11. The method of claim 1 wherein said first type pattern and said second type pattern

are comprised of features;
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said first illumnation condition is determned to
optimze at least a pattern fidelity parameter for
said first type pattern transfer onto said
photoresi st; determi ning a second exposure process
using a second illumnnation condition that wll
irrprove at least the pattern fidelity paraneter for
q i . ,
O RN R AR oo A AR 0N IS Rortact ol
aper t angd cHipdes af da:&mmmcbe@pmtmsr engdremctes fvithiprihe resist, L-bar

confi ratlo cond i Il um nat.i on ond'tion
o ebbhmes St b IR P Fee: andcoBuiarons (FRot
ftihédﬁlls't E%e&?&ft@zﬁ@bﬂﬂ skebn® 8ipd FRePNErd Y8§ioRabt Riakures whose
transfer onto said photoresist from said phot omask

desi gihotoresisteati@rtan Bg impfovesk byeyging Q#@er%élwﬁlaatl@rhe
first Sﬁ&g ML e 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;. said first dose is not
is determned to optim ze the pattern fidelity
paranmeter for transfer of said type pattern onto said
photoresist fromthe photomask; said second dose is
not determned to optimze the pattern fidelity
paranmeter for transfer of said second type pattern

12. AOREHoBab SpBRfidthesdiical trarifed dfea paedramask phdtdrestst using two or
phot ol i t hogr aphy process with two or nore exposures,

more RPSHISPIRGESSqSreMRNISid-a waf er havi ng a phot oresi st
formed thereover; providing a photomask with a first
type pattern and a second type pattern forned therein

pr&zﬁ}dlﬁiﬁg)ggg:ﬁlﬁé‘splié’ésqgﬁt{‘gﬂ; Sr’mt 4 ﬂ%tf)iers?stt pL¥BG Wit} LeEAsBa first type

pattern and a second type pattem

the first type pattern and second type pattern are regions of features whose

photoresist patterns can be improved by using different illumination conditions;
determining a first exposure process using a first illumination condition that will
improve at least a pattern fidelity parameter for the first type pattern;

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

parameter for said first type pattern transfer onto said 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;

said second illumination condition comprises a second aperture; said first

aperture and said second aperture have different configurations;
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regi ons whose photoresist patterns can be inproved by

using different illumnation conditions; performng a
first exposure through said photomask at a first dose
and with a first illumnating condition; said first

illTumnation condition is determined to optim ze at
| east a pattern fidelity paraneter for said first

L.ar esi
SHBE SRALIF TR Shoh I JBlsrnbientiB'Piintee of RALESIE pattern
opt i nfigelitpipalaraster fdresahseama thpe phittry trgrafamette sakor
transfer of s d fir ttern,onto said
phot oP 9°§?S'?tr SRSE ph%ﬁ%@é‘r@?ﬁ'gnpg??rbrm ng a second
exposure t h sai d photo second dose
ARG S CBRkEHRaRFS FGed g BB g BAS TeaaeeBu Rl & second
i1l Umeﬂéééd?@ 28961 tharsdesndl 8% SEdTIrd PRode s ARAL d’ﬂtllrﬂzéﬁiéjpattem
pattern fidelity paraneter for said second t
pat t effzdemtv aasanaetesfierdhs ot ihiedireh vae settemo ﬁﬂ@ éﬁ@ond type

phot o d second dose is not determned to
opti m IEEgg[grsﬂatslgb’pattern fidelity paranmeter for transfer

of Sa'sg SFSLAk KR RAUGEITINGS oBAintk AR LAKERI Rleify O

sai d um nat’ on
condi tlacaseter dodtrbhsfeeot said heef pattstrn dDBESEadI gheteeesist from the
dose are determned by optimzing at |east said

pat t ePR® ot "i‘fg‘iity paraneter for the conbination of the
First shPSddatildRse SRt SaEANRel YPBpRRIASNB pattern fidelity
transferred onto the photoresist; devel oping said

phot omeganseter Jof tansfar pheaidseeert typatadiern onto said photoresist

from the photomask.

13. A photolithography process with two or more exposures, comprising:

providing a wafer having a photoresist formed thereover;

providing a photomask with a first type pattern and a second type pattern formed

therein aligned above said wafer; the first type pattern and the second type pattern are

regions whose photoresist patterns can be improved by using different illumination

conditions;

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

illuminating condition;

said first illumination condition is determined to optimize at least a pattern fidelity
parameter for said first type pattern transfer onto said photoresist from said

photomask;
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14. The photolithography process of claim 13 wherein:
the first illumnation condition conprises Nunerical
Aperture (NA), partial coherence settings,

pol ari zati on, focus, aperture type; and aperture area;
the second illum nation condition conprises Nuneri cal
Aperture (NA), partial coherence settings,

ggidg‘{rgzt%éeq@ 'nPu%Cd%ﬁ rmiR&G Eé’éﬁt{ﬁw&@eaé G, t!’?é’ﬁéltt%g éﬁ%ﬁ@a

St ¥ hati on-con oes not "I ncl
ﬁametes dodtrsesfenal ddid first hatei pattecondia $ad ptotesesist from said
Fclude dose. 38 15. The photolithography process of
PPRIAMAE wherein said first type pattern has a first
a first Rayleigh constant range and said second type
pattern has a second Rayl eigh constant range; the

perforrhings s@é&md&%ﬁ)@@dr@wba?@ BaRiosHt@RbsK angesceltd 86de and with a
ovérlap. 16. The photolithography process of claim13

secongHigrinating ¢ingHion; nest ed pattern has a Rayl ei gh
constant ( K1) |less than or equal to ;. sem ne

said ssoengyipeninakdoracougiiien igtiatenypahiq ommlzs&%@ﬁttee;n éide“ty
AN o P 0Pk RSB VR8I0 SO RGRsi o i
pabteenaskand sai d second type patter n’are one of the
hi ghl d. t te l.at ed
Sy art done s BRLdie el Jp Bt anic Bleo R Bl Sameter

oPPaiAét SFreaid ¥R nartgpsl bhfiemestito Baidt gHotorekisp@dm daid
The phot ol i t hography process of claim13 wherein the

fohetamagkd &¥cond i1l umnation conditions use
di fferent aperture types. 18. The photolithography
process of claim 13 wherein: the first type pattern

the fif&%‘#ldtgé%OH(? GRS RRIdEE dﬁ%\‘@ntd' fferent: feature

feature orientations, yl ei gh const ant
es
the first do%e and second dose are determined by optimizing at least said pattern
fidelity parameter for the combination of the first type pattern and second type pattern

transferred onto the photoresist;

developing said photoresist to form a photoresist pattern.

14. The photolithography process of claim 13 wherein:

the first illumination condition comprises Numerical Aperture (NA), partial

coherence settings, polarization, focus, aperture type; and aperture area;

the second illumination condition comprises Numerical Aperture (NA), partial

coherence settings, polarization, focus, aperture type; and aperture area;

said first ilumination condition does not include dose;

said second illumination condition does not include dose.
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19. The photolithographic process of claim 13 which
further includes said pattern fidelity netric is a
nmerit function that is conprised of process fidelity
paraneters. 20. A nethod to nmake a conposite aperture
design for an optical transfer of a pattern onto
phot or esi st usi ng one exposure process conprising: 39
provi di ng a photomask design to print a photoresi st
pattern with at least a first type pattern and a
second type pattern; determning a first exposure
process using a first illumnation condition that wl|
[ [ e for f -
15, THOBI BB I B GRD o i 4y PEITEAEdnd DRudi a
a first Rayipighsemstartt rargfe ambsaidreecosdiyhef patern i idsumbeetridorayleigh

conditign jis determned to optim ze at |east .a pattern
constap ey 1o 13 S serorbReugio TonBlar T riges i datrtyBrab.
transfer onto said photoresist; determ ning a second
exposure process using a second illum nation condition
16. Thenphotolifhpgraphy poveesatof iceid 13 weegdi tern fidel ity
paranmeter for the second type pattern; said second
illum nation condition conprises a second aperture;
sai Highly isé¢stecdpattenar hasadRadéigh sensmdt @ggriess ahavequal to 0.5;

SorinesE rateyn Bl ascn Rey Rl PRI hetEpBS b 075
ReIAtRH npatiérﬁg*;'bé MaPaTVRSiSH chbastahitikd) geeestdhiy pe= 0.75;

pattern transter onto said photoresist fromsaid
phot omask design; then determning a first exposure

g)%g]g@f&?{é/pg E)ggfelf'r\' Shd SR §é‘5cﬁ1&ﬂ&§% ‘gﬁﬁet"ﬁn 4o Bpﬁﬁzar%ig hly nested

or the secon sure process t
Qprtiem, 2iec thai pasteéonisdiatde ltypeypaiteranet er for the both

e st e ot o $58 a0 68 betdf St gl Btem

fjgsd aperture and second

17. The photolithography process of claim 13 wherein the first and second illumination

conditions use different aperture types.

18. The photolithography process of claim 13 wherein: the first type pattern and the
second type patterns have different: feature shapes, feature orientations, or Rayleigh

constant ranges.

19. The photolithographic process of claim 13 which further includes said pattern

fidelity metric is @ merit function that is comprised of process fidelity parameters.

20. A method to make a composite aperture design for an optical transfer of a pattern

onto photoresist using one exposure process comprising:
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apertures to forma conposite aperture design;

desi gning a nodul ati ng neans for nodul ati ng the
relative transm ssion 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 conposite aperture design. 40 21.
The nethod of claim 20 which further conprises:
formng a exposure tool conprised of (1) a conposite

pro@ﬁﬁ‘[@i %)oﬂo{o% ?%rpt% ”(éert d I‘R)?(‘ﬁ%%%‘t Fsttém%&rﬁéeﬁegglsé B3t type

ans i ating t
pattatn ared ‘arsansmﬂ seeqmatiehr,ough the first aperture and
second aperture formed using the design of said

detEH‘onL & ﬂgst'é? Sﬁjre%foce-gg%s@ 85t 9funfih8dR SShait £ Bhat will

ses: ormng & conposite aperture using
s*apad)veca‘qacmttemn fipelity pamrdeter tov:the Grabbyndi pajteans i r st
reticle made using said first reticle design;
pr osdid fired illuesinatiorosanditiorsedraprisese firshdpentwesi ng sai d

soel T Loiebeen 2oRBR0 e el indd 2Py RTe kG g ety
cl ai my3thrnbier gbnsaitt st tygespattdrh utibmeti orto saRbpidtorssist;
conprise Numerical Aperture (NA), partial coherence

detefhininps seBOhREXFRUN Prockes using @peddndrikurhiyption aoddition that
aperture area; the second illumnation conditi
é‘é'h’p’?ﬁ)@é@ akdrnst theapatigea fidelty p@meteb gcrftﬁh%ﬁecwﬂ?@%r%tem
settings, polarization, focus, erturetg ; .
apetdid BetanUMIEtOn S NHOR SOMBITISER & $00D \%’@FHT% said first

sai ghddJr8lankyRfd B&dHRM dperftir@ hBGS BRErérRRoHfiGuraBehs!

said second illumination condition is determined to optimize at least said pattern
fidelity parameter for said second type pattern transfer onto said

photoresist from said photomask design; then

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;

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 fo allow the first exposure dose and second
exposure dose through the first and second apertures of the composite aperture

design.
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second type pattern conprises an isolated contact; and
said pattern fidelity paraneter 1is resist erosion or
bridging. 41 25. The nmethod of claim 20 wherein: said
first type pattern conprises Line/space features;
said second type pattern conprises contact hol es; and
said pattern fidelity paraneter is DOF or MEEF. 26.

21. Thé%tﬁsé BPdafh S0 Ahn30rmbiecihpisdshe pattern fidelity

raneters conprise: depth of focus, critical
d| mensi on (CD), mask error enhancerrent factor

forming ARSI PBRPasLT (458 eoMioate Sealiadaled bag el
Soﬁ‘é.%?%% éﬁaé}%’ﬁé’ | Atk R, (2) thdiﬁjsétﬁm meahStor GRdUMRER) the

_ ze E1:1,” dense to isolated feature bias, ]
aelbiive manysmealoartbroyghéhww apsfttes atsbsenanstanegiure farmed using

e Besit SR dliafa bB3Mat | ons Ther cof or el ght ed

conbi nations of r anges thereof. 42

22. The method of claim 20 which further comprises:
forming a composite aperture using said composite aperture design;
providing a first reticle made using said first reticle design;

providing resist over a substrate; and

exposing said resist using the photomask using the composite aperture and the

modulating means.

23. The method of claim 20 wherein:

the first illumination conditions comprise
Numerical Aperture (NA), partial coherence settings, polarization, focus,

aperture type; and aperture area;

the second iilumination\condition comprises Numerical Aperture (NA), partial

coherence settings, polarization, focus, aperture type; and aperture area.

24. The method of claim 20 wherein: said first type pattern is a nested feature; said
second type pattern comprises an isolated contact; and said pattern fidelity parameter

is resist erosion or bridging.
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25. The method of claim 20 wherein: said first type pattern comprises Line/space
features; said second type pattern comprises contact holes; and said pattern fidelity
parameter is DOF or MEEF.

26. The method of claim 20 wherein;

the pattern fidelity parameters comprise:

depth of focus, critical dimension (CD}), mask 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.
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