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nmet hod and apparatus for placing assist features in a

BAKGROND 55 Rl ated At [0003) The ar aret i NI

i mprovenents in sem conductor integration densiti 8§y«
in recent years have |largely been achi eved through
correspondi ng i nprovenents in sem conductor

manuf acturing technol ogi es. [0003] One such

sem conduct or manufacturing technol ogy invol ves 30
placing assi st features on a mask | ayout. Note that

b

S FETHOD AT APPARSBT R FOR PLACING
(e g., Sub- resolutlon aSSISt 1 features). In either
case, these assisASSE HM&) i nprove the
l'i thographic perfornance of the l'ines intended to be
printed on the wafer. [0004] Present techniques for
pl aci ng assist features use a rul e-based nethodol ogy
in which assist features are placed based on
conbi nations of feature 5 wi dth and spacing
par anet ers.

Field of the Invention

[0001] The present invention is related to integrated circuit fabrication.
More specifically, the present invention is related to a method and apparatus for

placing assist features in a mask layout using an aerial-image intensity model.

BACKGROUND
Related Art
[0002] The dramatic improvements in semiconductor integration densities
in recent years have largely been achieved through corresponding improvements
in semiconductor manufacturing technologies.
[0003] One such semiconductor manufacturing technology involves
placing assist features on a mask layout. Note that assist features can be printing

(e.g., super-resolution assist features) or non-printing (e.g., sub-resolution assist
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[ 0005] Unfortunately, optical behavior with off-axis
illTumnation is conplex and requires an el aborate set
of assist feature synthesis rules. As a result,
creating and mai ntaining a robust set of placenent
rules that are guaranteed to work properly for
arbitrary configurations is very difficult. In
estintek)0n eﬂtﬂeﬂmkm}&isa bt fest@ss a8 necanBgolifrpedwer thag

envi ronnent is very Een5|ve 0006] . Hence, what is

déb@mpm@p%rfqman%oféh@ appatead torbfrprmt%dc%@ea‘sasfrsrst

featur e
doscr | B9 e SeelPR LRt Hab P iy P BeC S s besed,
thethed2s@Nin WilveMsiso feapuresvird @taced basst emcbi‘mhtnatlons of feature

determines a location in a |ayout to place an assi st
f%@ﬁh#&@SP@Uﬁgﬁ@36ﬁ§¥%tlon the systemreceives a

| ayout @8{)&]%@0& ?t (?qucg l';?%lék/lor w1th'>?f(£)(1s i ﬂﬁq@l{é@?{?

sel ect eval' nth st em

t dopnpl &SR §uidesGa Twabdﬂit@ sdt @f adsisd featuie syﬂiﬁeéﬁmwt A(SZH result,
pl aci ng an assist feature. Next, the system determ nes
tGreatfigrgall nEONtRRE 4 WRUstEC ofdlpcsisnt rules thataeesumaniged g

S8 Eodi ot 48 t%( x&lﬁg%u;t@ns REIGE e, PRIGHERR! | On

| oca resen ve assi st eat ures

I Iﬂaffnth@mﬁg azqegrmtayrn@{ufadtmeng:andﬂodﬁteﬁt is ¥eBtdxpbnsi(d)
utlng aerlal-lmages u5|ng anlrraelnten5|ty
m)del 00fel H@wuwhataﬁae%iydm ameﬂ@draé RRRASALE forydacing assist

?&uﬁ%ﬁk}%s%{ﬁ% w1tﬁout(f¥a ]?r Cu es%ﬁ)%{ilagg eand the

i ons I'ng 1 age- gr adi ent
nagnltudes 25 at the evaluatlon poi nt based on the

aerial -i mges, and (d) quating t he candi date

| ocation for the assistS based on the

i n.age ﬂfg@gﬂ ﬁg Fr%%? 1|rr¥elf{ oI[Sthreanf%ngqg;Jen 1Qn gro\é'%des%tsygtgmotﬂat

this e e SYyS ooses a C

| @@t 4 Bcith ihavigput Byplagkest dskigi Ratutd) DRt the
a constructive interference node in the aerial-inmage

t sustem eeceivesebyouteiap éntegratedapircwih - Pextaihe sysomoelects a

PR BRI o S PR TR ek &

aglgfout BRIpHceh SACRsibNRhtutd)ENext, the system determines the final
location in the layout to place an assist feature by, iteratively, (a) selecting
perturbation locations for placing representative assist features in the proximity of
the candidate location, (b) computing aerial-images using an image intensity
model, the layout, and by placing representative assist features at the candidate
location and the perturbation locations, (c) calculating image-gradient magnitudes

at the evaluation point based on the aerial-images, and (d) updating the candidate

location for the assist feature based on the image-gradient magnitudes.
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magni tude of an i mage-gradi ent at the eval uati on point
achieves a local extremum [0010] In a further
variation on this enbodi nent, the system conputes the

| ocation for the assist feature by (a) constructing an
i nterpol ati ng pol ynom al 10 using the set of

i mage-gradi ent nmagni tudes; and (b) conputing the

| ocat i[0008] G atviadati@ssi Biis ér&laddimnentuﬂiersgsttrlnechooses a candidate

|nterpolat|ng ol ynom al a variation
tpRaion i bY {58t hang @t Tcahibephe confopite interfofence

%%lae et?)? a%élqﬁlagf%igs]cfl&%gtl%?hé)év og?ﬁgfﬁnﬁ.esm ution

assl s eat ure Anot her e nt of the
pr eseroo0a)\igatvaaatig@t o thieembodiystiethe syStetnhatdates dees an
assist feature in a | ayout. During operation,

e
<ypadidptelesalipy By campwa%ﬁiocetﬁorhﬁr .tfr?taéa.s éta'rf'cwfe (hat the
%tuh@%ﬁ%ﬁa&?ﬁgl ta?‘t Qevgi\ﬁ 1Hpao‘ﬂ94v@§a'lcﬂtaf he

en | entl ocatl ons of
C@ﬂ%tnmuctlve and destructive |nterference nodes usi ng
t he na%nltude of an i nmage- |ntenS|t% gradi ent of an

aer i al [DPHide aafﬂrtbﬁevaé‘@ﬁ?%ﬁlﬁ FlB‘herBBﬁ’ ment, ks ystem gpgnputes the
ale%atlon fI rn@ig g(s]se%:t f&?ﬂlﬁr%'ﬁyetg)e& Hﬁ‘ﬁ&%g a?lQntlég)o'lmgg)olynomlal

ensi out

@Bét&ifhfﬂ@geagﬁd&ht Iﬁqeghurdes aihd ab)amnqjmimg ¢hd locatandbr the
|n t e |ayout. FlnaIIY the system pl aces the assi st
f@ansufeéturqqu&%thraavsw %lagéelmﬁmeﬂe | ocations of the

COnSL I} 115 eSS b AL FifBoathUh e SLENPRANIIES be o

[ 0013] a \variatron on e system

| d@esdlitesh dseietfch@iGor 28upef-ré3oNsibh st featarad
destructive interference nodes by determning a

| ocat i P812JoAnether eglkodimenteaftthe presgnt anenté@n prgxides a system

Ol an T QT 2y AL EE D PLRR R oo iBfgpiciyes =

| Aysutfofah Eeru@eicathionNext, thei s?stexmelﬂ:bﬁaﬁtevamlb@rﬁycﬁhiﬁmthe
deferm nes the location for an assist feature by .(a)
chwowi e sustern thra identifies derationsol Crﬁmﬁtﬁ‘éCtWF&?@)G?Stm(’BYe

8?1!5%? lg?a{{clgnggets?%gl erljl:a%lqﬁud éf an%%ﬁe rﬂér%ﬂ? g{'zydlent of an
aerial-image at the evaluation point, wherein the aerial-image is calculated using
an image intensity model, the layout, and by placing an representative assist
feature at a candidate location in the layout. Finally, the system places the assist
feature in the layout based on the locations of the constructive and destructive
interference nodes.

[0013] In a variation on this embodiment, the system identifies locations
of constructive and destructive interference nodes by determining a location for an
assist feature such that the magnitude of an image-intensity gradient at the

evaluation point achieves a local extremum.
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eval uati on poi nt based on aerial-inmges that are
conputed using an inmage 5 intensity nodel, the |ayout,
and by placing representative assist features at the
perturbation | ocations; (c) constructing an

i nterpol ati ng pol ynom al using the nagnitudes of the
i mge-intensity gradients at the evaluation point; and
(d) o) tlh adutthe Vadetidn anthisosmbdiements thetsy$temtdgtegmines

[ the_int |at i | ial. 10 BRI.EF . .
EoR 5T TR BORES OIS PHFEDaR IPFRiSFs i g
MQ}ro'ug, Y8) @%&Hﬁid&hg bR 981 ARsbelidRnbiGRE 8RR at B2

integrated circuit I n accordance with an e_rrbodi_ ment of
telvalupti@spoint basvdnh kenal-imp 3183t aFd Gmputed 15i8g amineage

SSELS TGRS BLASIEN Lo 8 PN LAY o
e iBR focfiofd? &)beﬁ&ﬁféting 4 ity ERtih 2 Polyh&B LT Lisifk e 3

iTTustrates assi'st feature placenent Using a
riihgavithdssoal therbhdeeiotengiyy gradiauts af thareyeluafiothpaint; and (d)

enbodi.nment of fhe present .invention, .[0018]. FI 4A
QompeiPE {hsdOF 0B TP E g At fers e Hﬁwéﬁall?mﬁwwal-
accordance wi th an enbodi nent of the present
invention. 20 [0019] FIG 4B illustrates how an assi st
f eat ur e can BREFEBHDESIGRIPAGONOFTHEF K RESce i n
accordance w th an enbodi.nent of, the present. . .
" nvent0BKS! Fisodof ustrates \aripys SirtrintRsdsies 156 Tariqafign of an
ai%[e'ggdted qRQ& if ra@?dr&:ﬂ{ce mmnté%dgﬁ&ﬁ'o@ e ;ﬁ%eﬁhin“v@ﬁticﬁl.
one=di nensional feature 1 n accordance wth an
enbodi [0ené] BIG. 2tillastpitasssitt festuenilac@men? ora@od2idn &l 6.
6A presents a flowhart that jllustrates the process
omntegraied FEFuitHa¥qu in pceardapesswith b eEePaAFEE O Lihe Ireshnt
e,;mgrgi ment of the present invention. 4 [0022] FIG 6B
I

ifTustrates the process of iteratively finding the

| ocat i @017f FIG.I3elllosinsés assibt fegtusngiachasint usitg v eule-based
interference nodes using th

radi ept nmagni tude . in
abEtidelage INACRIBRCEEb AP rehedtarent ﬁfgtﬂlﬁ PESEHinvention.
I nvent [O%TS] FIG. 4A illustrates interference nodes in an aerial image in
accordance with an embodiment of the present invention.
[0019] FIG. 4B illustrates how an assist feature can improve lithographic
performance in accordance with an embodiment of the present invention.
[0020] FIG. 5 illustrates a plot of the aerial image gradient magnitude
against pitch for a one-dimensional feature in accordance with an embodiment of
the present invention.

[0021] FIG. 6A presents a flowchart that illustrates the process of placing

assist features in accordance with an embodiment of the present invention.
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[0023] FIG 7 presents a plot of the placenent
convergence over tinme in 5 accordance with an

enbodi ment of the present invention. DETAILED

DESCRI PTION Integrated Circuit Design and Fabrication
10 [0024] FIG | illustrates various steps in the
design and fabrication of an integrated circuit in
accor deox2d RiGt 6B adluseiates thenpriotessof ttbratipele Siding the location of
invention, The process starts with a produc} idea .

(et eqpsiregve g e Stngche BrgdRTeRcsNodss paing Dine rcieny magnigde
r [ usi ng
AR LR BV e B e S e (st e
110) . [@02Y EIe 7 piresents b pltaif ghre plscedenatdomecsentd oves tihfe in
t aped- out éftep 14Q). After tape-out, the process goes
t%?@é@?ef‘%} ?‘b%‘?b?ﬂﬁm(a%tt%fﬁhe R’@?@‘)nt inyealioRyi ng, and
assenbly (step 160). The process eventually cul m nates
with the production of chips (step 170). [0025] The
EDA software desipETAIEEDIDESORIPMION i ncludes a
nunber of sub-steps, nanely, system design (step
112), logic design and function verification 20 (step
gméﬁra&w_@fﬁ it Dedf) g HYH Hidallon! St (Step 116), design
fication (step 120),
physi clab24npiG: ﬂHhﬁﬁtatdSWaﬁSﬁﬂpeﬁlsZﬁ)the dasgnyesid Sataitdtion of an
extractiaon (step 124) hysi cal verification (step
TipEprated@euiiin GPFOéﬁiﬁJilaﬁ E’étﬁé‘ﬁtemt(oéliféﬁ’tfﬁg)e Preseat Wé(%‘k“on

) 6] fi6ad;
ol AhrBEEP o W AR Ko ook 2O NN brod B e
errébllaiweﬁﬁfgtanshﬁgraieﬁ&lrc{?m,r wkixh I"Epdlﬁl gnad aiag FleeabniceDesign
pl acenent can be inplemented in the Proteus(r

phoi@metion (BRASyebBap Sstep ALD). £Inks dhesgiropt design 4 %@'@Wﬂl it is
CRBIEbu 5% {5 A8 BTt Brode b el B ABAOA ARGy

| 537f) Ok agih § QA a2 mbdf (stepal68y.eThe prdassy eeantaallyi didminates
sem conduct or nanufacturln% In particular,

stih tkesspditgtion o4 sBipg{step 170
[0025] The EDA software design step 110, in turn, includes a number of

sub-steps, namely, system design (step 112), logic design and function verification
(step 114), synthesis and design for test (step 116), design planning (step 118),
netlist verification (step 120), physical implementation (step 122), analysis and
extraction (step 124), physical verification (step 126), resolution enhancement
(step 128), and mask data preparation (step 130).

[0026] Assist feature placement can take place during the resolution

enhancement step 128. For example, assist feature placement can be implemented

in the Proteus® product from Synopsys, Inc.
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5 features (SRAFs) have been especially effective when

applied to gate structures and other one-di nensi ona

features. (For the sake of clarity, the present

i nvention has been described in the context of

sub-resol ution assist features. But, it will be

apparent to one skilled in the art that the present

i ANéRRFesarean be readily applied to other kinds of

assi st features, such as super-resolution assi st

f eat urlB827]) Assish éeatgey wRinRASFubFeseliEoR frhagpgment technique

{ st

R T8 Py yiHE S B ERANRS o ol Biafel L O <A

fteahtffs du)ing 68RBdndrictor rRarnulfdctatrigatie parissliag tsub-eedolirtidn assist
pl acenent for a portion of an integrated circuit

| fagtotes (PRAGEKRE &ﬁ%esnpflhllh#fwg eﬁhﬁﬁ Applisd tpjgatesimsuRgs
SN e 0GP TP B0 A SRt
clmguaaernseseﬁami i@xhd ec&ttme)f&ﬁlﬁresémabs tissise &atures. pBan; Em?Eiﬂtbe

is nore challenging when a | ayout contains conp

f pppignkly, onegkillsd apfiicart hatethe praset IneHHAN 630 b%@@ﬁméapphed
205 D5 LRl 368 LRpSRLTL TR R ik

f @ataltider ofthk aystint ap}hﬁiatlbmé‘unﬂﬂsls bthlafvﬁsé staed, tRO tamd ‘tassist
varying pitches is another exanple of a conplex
| feplore” willoBofo ppebsesselupan AwES f9a81epl aci ng assi st

feat ur 0

assi st ﬁ@egltsﬁlrég 2 3§reaﬁegsn let f%'gt‘ilpet &? éeg%ét MP% é}l ?foaﬁls
Ofnteg£tad cifcﬁnwwﬁdﬁ 1@5&0@&& With @areafnse&mesn of@@:ﬂ:&seﬁﬂ G
3 illustrates assist feature placenent using a

ruventitised 25 net hodol ogy in accordance with an

gth)Od égﬁ)eg]sgg\es a§2d Q%cgz(%; z}rg nglyte?taﬁ ?nrt]%at[eg %:)13r02 it {égcc)luets Note

Cihatlihd 2040060Hins dotRex Bafmr®as® dA M TEAGH plasiest is more
feature (AF) 318 placenent can depend on 6 a vari et

othallgegiog svhahia ddyout eonsrignenmelgx featurpee Hos cxpopleadyq fodhe
F.d
i g SR s ) IR A R a0

are staggered, instead of just one assist feature. A layout that has multiple lines

with varying pitches is another example of a complex layout.

[0030] Present methods for placing assist features use a rule-based
methodology where the assist feature placement is dictated by combinations of
feature width and spacing parameters.

[0031] FIG. 3 illustrates assist feature placement using a rule-based
methodology in accordance with an embodiment of the present invention.

[0032] Lines 302, 304, 306, and 308 are part of an integrated circuit

layout. In a rule-based approach, assist feature (AF) 318 placement can depend on

6
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variety of factors, such as, the critical dinension
(CD) 310, space 312, length 314, and gap 316. 5
[0033] Unfortunately, for large and conpl ex | ayouts
the rule table can becone extrenely |arge and
unw el dy. Moreover, the derivation of assist feature
pl acenment rules is a difficult process that involves

Wemﬁsﬁﬁﬂhcl@ reldrGanditd ieteclosm @fid riles4bié.eFbcdx@ple,
OO%@] FortunateI% t he data gathered for use in
dpe Adalistpras d2Ricey be @ detsrmimed based copaplaighis| tBatdaruddsso

b\‘?an‘égf & AQbrs {u%ﬁ 'aE‘%ﬁEﬁtagkﬁlnﬁ)ég&loﬁ ?)3 3'16”%)3% %12t MShgth 314,

res I nveh nhan
dﬁh%@ﬁBme the optimal |ocation for an assist feature

as juﬁﬁed q¥ focus w ndow and_isofocal |ine-w dth
pr operl003Y. q@ﬂpﬁ@téhyf&réﬁg@arrdomlmt%ﬂltsni@f‘c@#ﬁ table can

elégfng%x{\]@r}{agg S ({E@%l]lep t']\ﬁ@] Sf!hgtdCL? st a551st feature

acenen 1ve I'n eren

r\;ﬂd@sne‘nomlcas islardkffiche bﬁbces:srthacihvcneésl ELY mea@@fanedlﬁ gbmts on
opti mal AF placenent for a clear field reticle occurs

Wa%ﬁﬁnﬁé@¥F%@kﬁve i nterference node. 20 [0036] FI G
4A | l l algoerﬁma{éﬁ)ﬁrtﬁeeéa‘?%%ﬁgerggﬁ ¥ usn r%a{f]pti"'c%f r?ln;age

in ance W

i éBt%Bhan(OP(E)QQS&'e]Is tdn@sdbusza QoA;Qéclag AFer stnesaﬂmdmsm of
of two lines in an integrated circuit |layout. | mage

i the SFespRtynYARoR, th@@Pq meéqlrlwé@nfq'ﬂew\ﬂ&hrlamedhe @vtlmhle
PO bEA AR Lo RS bl (BMREEGF D vien

Bértids 2 and 414, and destructive |nterference node
410. Note that imaging threshold 408 determ nes the
features that will image on the wafer. (Recall that

!ﬁnaldpr &%3Id reticle, a feature inages on the wafer

[ pondi ng i nage intensity is belowthe

I magi npoBHy Reddl studiek hivieshotviehat dptithal assist feature placement
occurs at the constructive interference nodes for a dark field contact reticle.
Conversely, optimal AF placement for a clear field reticle occurs at the destructive
interference node.

[0036] FIG. 4A illustrates interference nodes in an aerial image in
accordance with an embodiment of the present invention.

[0037] Line 402 and 404 are cross-sections of two lines in an integrated
circuit layout. Image intensity curve 406 illustrates the variation of the image
intensity of the aerial image. Specifically, curve 406 illustrates constructive
interference nodes 412 and 414, and destructive interference node 410. Note that
imaging threshold 408 determines the features that will image on the wafer.

(Recall that in a dark field reticle, a feature images on the wafer if the

7
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in aclear field reticle, a feature inmages on the

wafer if the corresponding image intensity is above
the imaging threshold.) [0038] FIG 4B illustrates how
an AF can inprove |ithographic 5 performance in
accordance wi th an enbodi nent of the present

invention. [0039] AF 416 is placed at the destructive
|cntreﬂpbedleg amagﬂ)mleqnsmmsmlmtf@emagtﬂgéh@émld uEnijtheother hand,

t de. 422 t th
llﬂeéﬁeﬂbféﬂ 16 Sk eolteteot G oL B opRe Rgrehase
ﬁﬁtyﬁ@bd& tH@ﬁﬂ@ngn@ésH&ﬁ) thereby inproving
ographi c performance. (Note that the draw ngs in

FI G 2[0023] 134@ 4AB0llestiited Bowran ABcan imhprove lathogriipbu?r pos es
only and do not_ refl eglt an bafcit ual ? acenen AFs in
a)erfa%%nce)m PEOEHICROTIE A HPOL RSO 11 PTFAT ‘é”% e

cal cul [@éﬁi AB UG iAfla@ark fle deBRERIvelibABRhéYnddRIRhichich®ses
| ayout, and the AF |ocations. Furthernore, in one

ehbdekimetite nferfenencp nede4d? tormeve ¢loser toatheamegiak thrasipéd 408.

. b vy e O Reaay stree A0 bReREeBeen FERE)
9—%4 1n§ Hfhtogﬁ HRrpﬁ:rfoPr%&et tRbte! tR&AtARE H'&Wll‘f@ﬁﬁ fFeGengea,

es IS crit cal for the “optiml placenent of AFs. -
Unil et ara ddrallystrapioaanidsys ¢ifipred do sotmeflkei@wmactual placement of
technlagliaes for finding the |Iocation of these
nodes in a conputationally rapid and

accur 31064(%313 B that4fle AR FHhaddt@n %@QQQhﬁ?ﬁ'&tusﬁfg dnhrial image

prese ntion uses an aérial image intensity
nincbakity motlels tiedaymt i amd theAKF pd@tiens Nfwthermare, in one

conmputationally rapid and accurate nmanner i S
eWbﬁ%@%tsoféP%a&eﬁ% L VTR T e et oY {enbfanﬁy@ computed

PLAGERPRia) [ &Snich /@641, dbFolt SRS HAFRAGoRAD e

as | nplenment | an infinite space rule table.
25 [ O0Op®h1] Emalmhn‘mbra) npteltlnatsloctauag igaenantemnagles sl ceitical for the
eorretrles this q%ﬁm&*nt of the ]Erlesent i.nvention

caniired! PaRsEmFIE @W%pw pngiglypprasentiyipere g moxa
t D—:@%ﬁg es% fﬂaﬂgﬁ d}fégloéﬂﬁmrb?%s@ ht&fr&eh& rads suppor t

sophi stica
computationally rapid and accurate manner.

[0042] One embodiment of the present invention uses an aerial image
intensity model to locate optimal AF placements in a computationally rapid and
accurate manner. This eliminates creating and maintaining a set of AF placement
rules. In fact, the intensity model can be viewed as implementing an infinite space
rule table.

[0043] In addition, in situations with complex geometries, this
embodiment of the present invention can directly find optimal AF placement

locations, thereby eliminating the need to create and support sophisticated and
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8 unwieldy rules table. As a result, the present

i nvention can substantially reduce the tine necessary
to devel op AF based correction |layouts. G adi ent

Magni tude of Aerial-lmage 5 [0044] FIG 5 illustrates
a plot of the aerial image gradi ent magnitude against
pitch for a one-dinensional feature in accordance with
amveBkigdilke tiblof As 4 haulrtee preseritiventioonan §ubsuhfialljheduce
aerial imge gradient can be |everaged to rapidly

| the dime ftq‘iégsaﬁyrft’éiﬁ?@?léﬁ@é’aﬁ%@ec% QYPWSi ent can be
represented as an angle and a nmagnitude. 10 Wen
pitch is varied in a one-di nensional case, the aerial

| CegdienBNIighitdde OhAlgaBImhfzé e the aerial inmage angle
remai ns_const ant . present invention exploits this

proper {%94ﬂbFI<aeﬁq@1uftyat%%p1§t plthgasnalimags ?é@léﬁfcféaﬁ%’ég

T e

Cokpespanidvertiont 0 the interfer ence nodes in the aerial

i mge. |In one enbodi nent of the present invention,

the | ot5bAe a¢riad inage RradiFUCCRR b IekesiEediq Fapilly locate the
| BRGRL SN R0 OFIRS Sl dafl POk efheliat B aw@am%ﬂﬂ&de
of ran I'nage- | gra an aeri af -

Newhen piksh 1§Rf@néﬂ @QﬁdleLdiniehﬁohaﬂy:M tHeasgal 1ﬁi’agé helgmtude

| ocations of these constructive and destructive

i phasgeeybile herfgHalsmage amgle sasainpgonsiagt i Hh prsssng nvention

i E’fa}hgltrt etilP[ 09?%1’1 tOrl(gji%netlgAt}{%rS?r%ﬁpésf’ 1n§er§‘er9ﬁ% tﬁ%ﬁ%seltg?agitraeenal

agﬁgged@mqeemlsltbhan enbodi nent of the pr esent

i nvention. ﬁ} 0048] The Frocess begi ns by receiving a

| ayout [¢ff46% qtmthégﬁhatl@@ extragna in thoplof shasyn i8dA§. Sgorrespond

to the interference nodes in the aerial image. In one embodiment of the present

invention, the locations of constructive and destructive interference nodes are

" identified using the magnitude of an image-intensity gradient of an aerial-image.

Next, AFs are placed in the layout based on the locations of these constructive and

destructive interference nodes.

Process of Placing Assist Features

[0047] FIG. 6A presents a flowchart that illustrates the process of placing
assist features in accordance with an embodiment of the present invention.
[0048] The process begins by receiving a layout of an integrated circuit

(step 602).



10

15

20

25

[0049] Next, the system determ nes whet her al

iterations have been conpleted (step 604). (Note that
the systemuses an iterative process to determ ne

where to place the assist features.) [0050] If the
system determnes that the iterations are conplete,

the 5 system pl aces the assist features (step 606).

( Recal [p049)atext e syssdre detetrames wasthersdl] itéredonsrteye dtert he
destructive interference nodes for a clear field )
reopindgted Girp O0) t (ote Ehoh dhersyslemases #t BFrpRYePIoGeTs dydetermine
f d ' [NAA .) [0051] On the other hand,
i‘?ﬁ?r éo @%%%%%ng%etg%ﬁ%ég that the iterations are not
conpl ee50]t i ehesystepndctdrains thitehdiesraadrs aas somaplete, the
features have been conpleted 10 (step %QS).]%O?52% | f
tpratenypipeemtireassishicawEes (g 000)- (Bralhalthp SEym §laget assist
o RluPlon LR R ve it AR R RS TR oTh P RO any at g
[ 5B hctiok e Mbsice tdies Syrsitdank fitldaetsclé. he next assi st

feature by first 15 conputing the gradi ent magni tudes
(step Méf]. Op tlsetherrand, 16 ghe %yptagltqeéﬁr%n@@ﬁ%atﬁ%g@%or&fare

Llrtrllo rcggénig}/e% X J éyg%}x{;%e‘FF?wh&ﬁét zllloegsigﬁc feaﬁlpe% HaQB 8L trrll &ed

ructil errerence nodes using the gradi ent
ngepidogsle  in accordance with an enbodi ment of the
present invention. [0055] Line 650 is part of a |ayout

of an [0953Hdkesystent delpamingniBatgy eqrapieted @lacinanlt &sist he
gradi ent nj [ ' - [
oA Bk RS 1O SeB Y0 1 8 BRhe htl: AT RN een
cadfpidrtie | ocation in the layout for placing a
representative assist feature 658. (Note that the term
"assi st0053hOtireswise athe Bysser placey & apxtiassighipatueslp (st

that is ed for inmpr.oving.li gr aphy perfornmance.
FEPY + f Bradjent pagugiges Pslteeq ttflllrb?'eti cle, a piece of
chrome [msa% SRS 6B ARis@iteamipsdcebLattiter fiveRbfikAiNy efedetagion of
in adark field reticle, a space can serve as, an _
athsi constiustive prd Jestuppssintesrance podes dsingdhs gudisphinggyitude

t ri]neacgzﬁ)} arahlze) w!ﬂ? G 'érln Qdifrr?ernt 8% Tiite ipPe%eﬁtri]r?vention.

[0055] Line 650 is part of a layout of an integrated circuit. The system
computes the gradient magnitude by first selecting an evaluation point 652 in the
layout. The system then chooses a candidate location in the layout for placing a
representative assist feature 658. (Note that the term “assist feature” can broadly
refer to any feature that is used for improving lithography performance. For
example, in a clear field reticle, a piece of chrome can serve as an assist feature.
Conversely, in a dark field reticle, a space can serve as an assist feature.)

[0056] Next, the system determines the (final) location for placing the

assist feature 658 by iteratively performing the following steps.
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assi st feature 658 by iteratively performng the
follow ng steps. 10 [0057] The systemfirst selects a
set of locations in the proximty of the candidate

| ocation. In one enbodi nent of the present invention,
the system selects two |ocations, nanely, "in" 660
and "out" 662. [0058] The system then conputes the
aer i alj003mgee systemdfiraiselsemgeset bf lonatensiit yhermoemitytdiehe
| ayout, and the set of |ocations that were chosen in

tqﬁ}édldﬁﬁ Gk yhb‘?net‘fﬁ’éb"@émﬁ?td’&l&? RTEREAT INYRNLQM, therfystem
sgf%&qlt\gg Tc%cl%lﬁgnst 'ﬂﬁmB Iﬁn%6d) Q?(c?nchit’@?& the system

nput es ree’aeri irst aerial inmage
| s c OITPO8 8} drhsi dybtem théxemre@ﬂed tht iawigal AapexQisingamechage
t he candi date (or "0"% | ocation 658; the second
dstensily meddcthe saveshand B¢ sii efogationp thas wisreaghosen iagthe

anqgi Hl%?%@éantdnﬁte 1ioQat1 o%‘?toh@ PmbQai 0 oiatﬂg gnA:yWe'hgon

represent at

$1:13 B)tstdhﬁle&n@ﬁtes tHiiﬁe adﬁxlat 1mdoe©ah¢ ﬁﬂ;t 6&211 1rbﬁ)§b59]corhiﬁwted with a
the system cal cul ates a set of i q)bg§a i en
t

rreRfspantative At pO&l%@ESxﬁérh?af@n@ﬁatﬁ é?rn é&horb?ﬁ% e ssgend

ese
e TR DDA T o s T
0660¢ behthe thied agad imade it b@ml’iﬁteﬁ Rrier epresaltativenge positiared at

the normal 654 and along the tangential 656
dihe eeuti’ dasstion Ghd systen1then uses these directiona

21 ¢ naobaon Nt R et R\ SRORL B P e T RReA RS a

AR 3V ARt dnG o aSed bl @ skibflaBRalaiiagkddh ode éaiboinyendbf the
techni ques can be used to conpute the gradient

mwrgmnt unrentaan thfes)’ét@m watuatss theotireetiongl@radientefaaeprheof the

tglﬁee ficrald fr}qlggst al%h £ ‘}Oﬁ%‘%;"sg‘ nd%!o%%at [11{15%{21%1 ?él?ﬁ {jﬁé@txons.

eyYid HaichDihef Qbditthivetdhettiondb pradichizao Empﬁﬁe&mee appgeogadient
nanmely, first conputing the aerial inmage and then
coapiitidagatithe cvauaiipngi9int®ddni t ude. Furthernore, in

ol BIp AL el NE R SEORE LN Rerbl,

SREnRhudd@aibe used to compute the gradient magnitude at the evaluation pomt.
For example, in 6ne embodiment of the present invention, the system can directly
compute the gradient magnitude at the evaluation point without using the two step
approach, namely, first computing the aerial image and then computing the
gradient magnitude. Furthermore, in another embodiment of the present
invention, the system computes the aerial image intensity for only a set of points,
instead of computing the image intensity across the whole aerial image.

[0061] Furthermore, it will also be apparent to one skilled in the art that

the term “gradient magnitude” can broadly refer to the rate at which the image

11
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25 instead of conputing the inmage intensity across the
whol e aerial inmage. [0061] Furthernore, it will also

be apparent to one skilled in the art that the term
"gradi ent magni tude” can broadly refer to the rate at
which the image 11 intensity changes with respect to
di stance. Hence, the gradi ent magni tude can be
Gegsityadrafodsivoih fdogect foBdiStandd, elict ythel giadiznamvgiticeleycantbe
mat hemati cal fornul as. [0062] The system then_uypdates
tdateubsaerdiraratthe inaregtintensihawingfevareppiaaahenaticab foyawilas

f eat ur d on t | - [ i tudes.
Not e @Ogﬂa %Wéte?&gfrzﬁéduag%ébes {%ﬁcgaqég%ﬁgl ai;&g ocation
bip oA ivien@sigt fe@aRIbase drothe sbieo Nlimppegandicat magniagkes sNote
feature such that the magnjtude of an ipnpage-gradi ent

athatt the systsra ipdatesohe paididalalogateancly eomptage adesation fay the
0063 i f.i.call ' ' ; .
R SRl Rt A SIA FEDL Pl R R e

| SaflB6h Bbind BcHieley AQsHadbxtthuig. t he set of
i mage-gradi ent 10 magni tudes. Next, the system

]E:orrput @963h§p¢c®%@tlydn ohe embpdimeappEdie presentiavensionsthe
eaf ur t i Nt | at.i ' :
SR B PR 5 RO ROLE b AR AR HBAT ot LOARAL aragin

“system’conput es®t ocat 10
Amh S%ifldes. O¥dxk QR s Edrhfitegtha 16Ha8gh &ri the fupkosomaiiad assist
(step 612). Specifically, the three neasured gradient

vidhes using thegniginofatingeiofynpedgect i ve | ocati ons are used

to 15 he | | .M ni ' i.
o 15 R o e S L D Sl 8 45081 P
+BethRikE by Fh 2 %tlgx‘@lgatr_c poRinoéRalisep 619, BP¥Bdichldy, thethree

gradi ent nagni Loc i's the location of the AF, a,
bmeesurat gradiekincunescdens wih datisrespastive insafionsgrg ped to

 B5eh Dbl F S m o S o B R PR bt
coeffici tSG;%dl\/%g 2pd; g2 +%|el<%c+gn§ldsyst em uses
to t the

Equati on (b) erm ne ocation of the |ocal
b. Loc, =3, '

where GradMag is the gradient magnitude, Loc is the location of the AF, a, b, ¢
are unknown coefficients, and Loc,y is the location of the local extremum. The
system first uses Equation (a) to solve for the unknown coefficients a, b, and c.
Next, the system uses Equation (b) to determine the location of the local
extremum, Locgs (step 614).

[0065] It will be apparent to one skilled in the art that a number of
techniques can be used to find the location of the local extremum. For example, a
Newton search can be used to locate the local extremum, which may increase the

speed of the search, while maintaining or improving convergence properties.
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extrenmum Locaf (step 614). [0065] It will be apparent
to one skilled in the art that a nunber of techniques
can be used to find the location of the |oca

extremum For exanple, a 25 Newton search can be used
to |locate the | ocal extremum which may increase the
speed of the search, while maintaining or inproving
conv er[gess]e0mdeane fdchlestrembizn fdi}@l&ﬁmteﬁimalﬁg’)pblhﬁlﬁﬁllal such as
extrenum for the _interpol ating nom al ,. such as

tthe deadaaicatownd b anation @buaﬁl@ﬁ f(ﬂs)repr?se?n'raaMﬁ&F @¥des 2
SFPERITNNT S BT, ol B 0! RRESHATLAE kR P
66641 (stepl 61 6)6 BPhe(sshrep f@&1th} lochhexteeame bf the gradient Incepaitude is

extremum of the gradient na%pltude is 5 continued
L@nﬁgue@rﬂﬁmce%nalltqr%veaa@ﬁf%‘ﬁb hIn this mppner. AR RLSF CIeRe node,

;‘T‘ggl(li%%s%{ E{é&lerP i ngm or%ziﬁ((ﬁguhls 1safoln?cF % JBE’PQ&JFH MAQUitional

attern. I onal
i inteefetedic€ A6destan 8s famd 1behef Qutiethnarmet, by skaply steppirerthe by
sinply steppln the search_further away fromthe i
wetcérfhﬁ vy tiegt thematieme NaJf &ftaaﬂl@ét‘f@éﬁst%cer%a@mr@adﬂy

geem"hgae aﬁﬁuﬁlg dAr fthPht te&é}snéfd{o Ak drdtRe élgefnd‘:r‘%fcesolvx

|c SO routi ne Used
t@uhh@ézﬂilﬁa wad tcf jterdtetdng fedhBesuRejueaxaait intdrésréree @nde
node |ocation(s). [0067] In the clear field case
i locgfia¥dted in FIG 5, the constructive interference

nodes los zf QEBJ Rél?’%ﬁ% if1BsthR&Ah IG"'?"%ﬁX%anutu@ﬁve

first erence no the o

Pinéd eREE nb@é‘saird: @tf’alélﬁlfort)vlaﬁi fol Io&dte. Affoweadinbe ﬁi)ﬁ destsidtiye
15 identified fromthe aerial image gradient. .
Thgarérence nofe theppina plackment losationdor thgdirstiAk .qannot be easily

f d .
dl’ést% X e%or\lll%h(lh gﬁtr?all’ 1r$£gteen0%a?d1F1%r ifthege(f;cl:nrgfi%{’ g?lm\?gqge hl%? A’%,,: the

I AL EHREADeR RRFRrdcs hadeie 16dao, briethe VeH idalldced apRalAbf the
[0068] FIG 7 presents a plot of the placenent

c by e@rgsérﬁ@tevmarfefqnﬁ@ npge gia@ew faem dle Gyaiuptign point.
kst ﬂﬁf&é] gG t#p Seﬁl P t‘ﬁ@;ﬂwc%&en&%n{/%‘gggge de’%r time in

shown eng or one- dFRensi ona
Abécordance with an embod1ment of the present invention.

[0069] As shown in FIG. 7, the line-length (or one-dimensional) AFs,
which are far away from comer features, converge to a placement solution in 4
iterations or less. On the other hand, the line-end (or two-dimensional) AFs,
which are dominated by corner features, converge to a placement solution in 7
iterations, or less.

[0070] Note that the present invention can optimally place AFs, thereby
maximizing depth of focus and minimizing CD uniformity. Furthermore, the

present invention converges to a final solution in a limited number of iterations.
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which are far away fromcorner features, converge to a
pl acenment solution in 4 iterations or less. On the
ot her hand, the line-end (or two-dinensional) AFs,
whi ch are dom nated by corner features, converge to a
pl acenent solution in 7 iterations, or less. 25
[0070] Note that the present invention can optimally
PlRER VAT &, willNRIBBXren@XIndiskilled il@ietakt tBit thespislicatiéh of
mnimzing CO uniformty. Furthernore, the present
i flessivel emtrobthgeryges beaised fo inproveghe comisrgencarate.ni t ed
er_of iterations. 13. Moreover,. it wll Dhe.appafrent
CET R 8, PSR (R Rrescdr I VERED Bhoclsptichs PEARPEF
Cplassmcntmoeglitialy thdieore-bard Agsidi pRdeiment taghndyie. t he
convergence rate. Furthernore, note that the present
i nvention can determ ne the optimal AF placenent nore
qui ckly than a rul e-bas i | acenment techni que.
5 CONCLUSI ON [ 0071] Théq%l‘i‘?‘é%‘%g descri ptions of
embodi [peni STRE fdré iRy @&eAptionsdY eMbb@MNAVE thepRsent
presented only for purposes of illustration and
desentiqntHaye beermpresensadeomp foriphinosereef 1tlestisgion rhd descripion.
or.to lim.t the present invention.to the 10 forns
s b b B BRI S I B RSl Py i o the
V R¥ring diseresed A&cob@ing@f)afaﬁﬁtnodtma@m%kitdaﬂa@@rg Wil Bel dpParent
inthe art. Additionally, the above disclosure is not
i raddgners skitleitin thecarpr Addtionallyy@arboye divtHesuwse spwt of

th At i tion is. defined b h ded. .

e RE DR BB el O SR P B RER SR Elign e
séfideadyithe ifRndéd clhid@l the 15 present invention can
be integrated with optical proximty correction (OPC).

Speci f [(WER] For ¢xampihe iewlibll appatenbto anisskipled e tite art that the
I PR X R T e )
[ 9Fe3ticaMy! RK@ lemblotindéidt lof BleSRedlBt iAPRAOANMhe (PP OB assist
skilled in the art that the

feature placement can be performed in a loop until the pattern converges.

[0073] Moreover, it will also be apparent to one skilled in the art that the
present invention can be extended to determine the size of the AF in addition to its
location. In general, AF performance can be improved by increasing the AF size,
but once the AF becomes too large, it will start imaging on the wafer. (Note that
the definition of “too large” can be pattern dependent within a layout.)

[0074] Additionally, it will also be apparent to one skilled in the art that
the present invention can be applied directly to a polygon or it can be applied to a
segment, which can be defined as an arbitrary portion of a polygon. Furthermore,

in one embodiment of the present invention, the present invention can be used to

place AFs using multiple evaluation points on a polygon.
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present invention can be extended to determ ne the
size of the AF in addition to its 20 location. In
general , AF perfornmance can be inproved by increasing
the AF size, but once the AF becones too large, it
will start imaging on the wafer. (Note that the
definition of "too |arge" can be pattern dependent
Wi t hi roe7s] aethernore 00 dhta Addituteanadl kyde ddsciibdd inahis defatted
acﬁg(glr{{tsnt to one skilled in the art _that the present
PBATCYRICBRY PR Wk WIMPRILETiFadadlestiBey g@ﬁm&r Which
[
C‘Tﬁl@alge a?ﬂ?y{)ér (gt‘rjdetvpcg?)tr Irrgeﬁngx? gﬁ?@ﬁr} stm c%ﬁ&ﬁ@g%?a&%?{g urs]Le gy a
am,mperﬁﬁ@yhtmntrh(sfmtlhéespblﬁsenbt 1|1rnuahto| mgnéttmnﬁro@aeﬂt
I nvention can be used to place AFs using
eSIIPERAGVERSS ﬁb@hﬂ%dlwraveﬁdp%wﬁc tapg, F@@ﬁ@}mwF fhﬁ%sf) ﬁﬁﬁi e,
019‘9 %gltﬁt CHS%EIWCE?CS%?Q rg?tgfjgidg(?afé g})bﬁ% éo &)tul?érsfnstructlon
I escriptiron a Ica store
czﬁ)gmlst ehibadésaicialal tmnsmwmgenmﬂnt(mth\da mdthoun@myartier wie upon
pe of device or nediumthat can store code and/or
o‘&lﬁlﬁh thersignats 35¢ mepduladh b e exapple e transmissin medym may
t | 5 storage
I8 b Bt alichs REOR. LENIOBIAR, per oo
(conpact discs) and DvDs (digital versatile discs or
digital video discs), and conmputer instruction
signals enbodied in a transm ssion nmedium (wth or
wi thout a carrier wave upon which the signals are
nodul at ed). For exanple, the transm ssion nedi um may
i ncl ude a conmuni cations network, such as the
Internet. 15 LLOYD WSE What Is Clained Is: 1. A
met hod for placing an assist feature in a |ayout,
conprising: receiving a |ayout of an integrated
circuit; selecting an evaluation point in the |ayout;
choosi ng a candi date location in the |ayout for
pl acing a representative

15



assist feature; identifying |locations of constructive
and destructive interference nodes by, iteratively,

sel ecting perturbation | ocations for placing
representative assist features in the proximty, efpwse
t he candidate | ocation; conputing aerial-inages using

ag i.nt ity nodel, the layout, and by placing
rgpq@giggtl%ﬂsggéassi st features at the candidate

| ocation and the perturbation |ocations; calculating
i_rrage-gr adi ent magnitudes at the evaluation point
based bn t h& methpdforipleiresan assist featdet inadaydue, canpdisihat e
l'ocati on .based1 on .t Ee 'mrlrégge-gradi.ent magni t udes; and
pl aci ng 4N 8L AL PL AR HMRIERBIE ayout based on the

| ocat i @ieetiaf ah BaluRASIJiMGh kieGafig destructive
interference nodes. 2. The nethod of claim1, wherein

choosi ¢hyosing acandidetadecatior it the fayont for placingyaapresentative
[ .dentifying the |ocation of a constructive
i%%glr%gt?léence node in the aerial-imge that is cl osest

to t heidewmaflylnatib&itioRObNéonsBuctiVeandBEMRMHAE infdrRiréAcd nodes by,
wherei n updating the candi date | ocation involves

ciéspfidelhg a | ocation for placing a representative
assi st feature syech. .that he nmagni t ude of .an .

i mage- gr adi ent a%e‘??crt]lélg é’%ﬁ"&?gw%‘ﬂgﬁ@nﬁ?Oré’g?ﬁl%glré@reéemat.we
| ocal  ext rgsvnleathfeslih Dr¥WiRfity of thdlbdimid186atRh; Cl ai m
3, wherein conputing the |ocation for placing the

representative a¥Mpitingagririmagescysingan image intempity muatiel,
o e T35 ASBE) 530 B e phEI PRt e
candidate location and the perturbation locations;
calculating image-gradient magnitudes at the evaluation
point based on the aerial-images; and
updating the candidate location based on the image-gradient
magnitudes; and

placing an assist feature in the layout based on the locations of the
constructive and destructive interference nodes.

2. The method of claim 1, wherein choosing the candidate location in
the layout involves identifying the location of a constructive interference node in
the aerial-image that is closest to the evaluation point.

3. The method of claim 1, wherein updating the candidate location
involves computing a location for placing a representative assist feature such that
the magnitude of an image-gradient at the evaluation point achieves a local

extremum.
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constructing an interpolating polynomal using the

i mge-gradi ent magnitudes; and conputing the | o.caglL&rb WISE
for placing the representative assist feature usin

the interpolating polynomal. 5. The nethod of claim

1, wherein said step of identifyi ng | ocations of

construyctive, and destructi ve i nterference nodes _
i nvol v‘gs de?g? PrcHho ﬁ 3, yhgreinyspmpRyting e location for placing

r f@l@ FEERhAkIVY BssAe gféa%ﬁre k&at Eitethec' Ha mttlE%toftt}u?e' @Q%Eﬁgnq at

an imge-intensity gra |ent a
pibie svalaatiingdst azhievesthe dodal exremunbinvdhes:met hod of

| 5. h det the | ocatjon for the
oo as R AR oo reshe Brsssrient

p@agrufdagg iag@ | ocations in the layout; calculating the
magni t udes of i mage-i ntensity gradients at the
eval uagdneputingéhqlocaizeidr placing theateprenergativet dssist faatare using

si.ng, an _inage intensity nodel, the |ayout,
t%m? Erpglagé’ﬁﬁ’ ypgr&laggent ative assist features at the
pe r turat i ofhe medHioPBRim qoﬁfﬁ&l@“ﬁstaidqﬁe;?@f B RR/18¢4iB8s
pol ynom al using the magni t udes of th

i ‘?fa?g’éStrwléﬁ gnd Qesgwaweemtesfermd ncdmpmwtqlvng; deleemiraogthieon

sentative a t feature usin
 Bfauladot R e Bl s Boatieg 5B i ey di apian
V\ihﬁi’geiuﬁteﬁsh@ gﬁ\&ﬁélﬁtat fiRaVHRBtdSpdint RURVEES Rl d éx‘?xrénﬂﬁ?' st
feature or a super-resolution assist feature. 8.

conput@r - r eBleramedod b elatpe Snwtierain detaymimigg theslbcanmhlfomlhe
exectJFJt ed bg?la corrputer cause the conputer

rlgpres rr;f/t\A}lvﬁlagSIF}E ?ﬁ%ﬂfl ac! ng an assist feature in
a I aywioosmggembm 1604tRInk $4 fhe layb(t; LLOYD W SE

- calculating the magnitudes of image-intensity gradients at the evaluation
point based on aerial-images that are computed using an image intensity model,
the layout, and by placing representative assist features at the perturbation
locations;

constructing an interpolating polynomial using the magnitudes of the
image-intensity gradients; and

computing the location for the representative assist feature using the
interpolating polynomial.

7. The method of claim 1, wherein the assist feature is a
sub-resolution assist feature or a super-resolution assist feature.

8. A computer-readable storage medium storing instructions that
when executed by a computer cause the computer to perform a method for placing

an assist feature in a layout, the method comprising:
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receiving a layout of an integrated circuit; selecting

an evaluation point in the |ayout; choosing a

candi date location in the layout for placing a
representative assist feature; identifying |ocatil&Y® WISE
of constructive and destructive interference nodes by,

iteratively, selecti.ng.perturbati.on | ocations for

pl aci nlgec?lgé\gea:l@}’ﬁ“gtom‘gl t%gargtf’gf“‘?‘gtét ures in the

pr oxi Nidldetiaf ah ROalaANH ShtiGn IRAB)dRN;  conputing

aerial -images using an imge intensity nodel, the

| ay out chogpiaig lsycapdidatie hecatien iethe ivyaut foe phsBigst represdntatps

at. lth candi date | ocation and the perturbation

| 588 f%ﬁ%? cal cul ating i mage-gradi ent nagnitudes at

t he evakm??h@nocdmhybf EASRECRR ahll Qe ARl inidR9ERe B8 by,

updat i ng e candi date | ocation based on the

i alevedy.adi ent  magni tudes; and placing an assi st
feature in the | ayout based on the.l ocations of the .
constructive and ecgltn g@%ﬁ?rggtl?lh]f)g?etfoé’?i?{cpéacﬁ%{e@.resg‘?ta“ve
The conput edssiseRa@bdsan SeqragienifyRsditheRLiltidatedoBthn;
wherein choosing the candidate | ocation in the fayout

i nvol ves i denti f §Qmptingacriglcimagenusifg an ingaga sntensityimedel,

o the eval TS roaR b e e RAT bR bt diE

st or age mediandidefe 16¢atioma8d thiRFtaibation REatibMY t he
candi date | ocation involves conputing a | ocation for

pl acing a repr eéftlaingimagegrasient ugnituses atthe ehauatidne

e

conput er - r eadablpdating B@eanddits Bcafio baedon the WRHRE Yrdlient
magnitudes; and

placing an assist feature in the layout based on the locations of the
constructive and destructive interference nodes.

0. The computer-readable storage medium of claim 8, wherein
choosing the candidate location in the layout involves identifying the location of a
constructive interference node in the aerial-image that is closest to the evaluation
point.

10. The computer-readable storage medium of claim 8, wherein
updating the candidate location involves computing a location for placing a
representative assist feature such that the magnitude of an image-gradient at the
evaluation point achieves a local extremum.

11. The computer-readable storage medium of claim 10, wherein

computing the location for placing the representative assist feature such that the
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an identifying mechanism configured to choose a candidate location in the
layout for placing a representative assist feature; and
identify locations of constructive and destructive interference nodes by,
iteratively,
selecting perturbation locations for placing representative
assist features in the proximity of the candidate location;
computing aerial-images using an image intensity model,
the layout, and by placing representative assist features at the
candidate location and the perturbation locations;
calculating image-gradient magnitudes at the evaluation
point based on the aerial-images; and
updating the candidate location based on the

image-gradient magnitudes; and
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poi nt based on the aerial-imges; and updating the
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constructing an interpolating polynomial using the image-gradient
magnitudes; and
computing the location for placing the representative assist feature using
the interpolating polynomial.
17.  The apparatus of claim 13, wherein the assist feature is a

sub-resolution assist feature or a super-resolution assist feature.
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