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today provide the computing power of computers that used to occupy entire rooms at a mere
fraction of the cost. Many of today’s low-cost consumer devices include functionality that only
a few years ago was unavailable at any cost, such as video cell phones, ultra-portable media
players, and wireless or ultra-wideband Internet devices; One of the primary enabling factors
of this growth has been the ability of optical lithography processes to steadily decrease the
smallest feature size that can be patterned as part of an integrated circuit pattern. This steady
decline in feature size and cost while at the same time printing more features per circuit is
commonly referred to as “Moore’s Law” or the lithography “roadmap.”

[0004] The lithography process involves creating a master image on a mask then

replicating that pattern faithfully onto the device wafers. The more times a master pattern is
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“sub-wavelength lithography” has resulted in increasing difficulty in maintaining adequate
process margins in the lithography process. The aerial images created by the mask and
exposure tool lose contrast and sharpness as the ratio of feature size to wavelength decreases.
This ratio is quantified by the k1 factor, defined as the numerical aperture of the exposure tool
times the minimum feature size divided by the wavelength. Currently, the practical flexibility
in choosing the exposure wavelength is limited, and the numerical aperture of exposure tools is

approaching physical limits. Consequently, the continuous reduction in device feature sizes
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pp.1-14 (2005) and “Exploring New High Speed, Mask Aware RET Verification Flows,” P.

Martin et al., Proc. SPIE 5853, pp.114-123, (2005)).

[0007] The mask may also be altered by the addition of phase-shifting regions that may
or may not be replicated on the wafer. Many phase-shifting techniques have been described at
length in the literature, including alternating aperture shifters, double expose masking
processes, multiple phase transitions, and attenuating phase-shifting masks. Masks formed by

these methods are known as “Phase-Shifting Masks,” or “PSMs.” All of these techniques to
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current state of semiconductor manufacturing, it appears that device yield is increasingly
limited by design weaknesses rather than by random defects.

[0009] A major contribution to systematic process variations that may push a weak
design feature into failure are the exact physical properties of the mask itself. Relevant
physical mask parameters may include line-width biases, corner rounding, pitch dependencies

lue to mask-write or mask-etch proximity effects, anisotropies, phase errors, polarization,
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simulated using a model of the lithography process and a nominal mask error model applied to
the post-OPC mask layout to predict the printed patterns. An example of simulating a
lithography process using such a lithography process model and mask model is disclosed in
“System and Method for Lithography Simulation,” U.S. Patent No. 7,003,758 (the *758 patent),
the subject matter of which is hereby incorporated by reference in its entirety. In step 116, the

pre-OPC design layout, i.e., the design intent, is compared against the predicted printed

patterns to determine if the post-OPC mask layout is acceptable. If so, the method continues in
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nom nal values for the mask error node
a pre-OPC design layout that defines the desired functionality of a device to a post-OPC mask

layout by applying OPC or other RETs. This process of converting a pre-OPC design layout
into a post-OPC mask layout currently relies heavily on numerical simulation of the
lithography process (e.g., model-based OPC and model-based design verification) and may
typically require several iterations before a design is considered acceptable. Full-chip
simulation is required to ensure that all elements of the device will print on the wafer as

intended. The simulation for OPC generation and design verification may, e.g., use a
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physical properties of actual lithographic masks and their effects on the pattern printing
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process, taking into account the design intent. Such methods would enable a predictive and

proactive qualification of masks before exposing any wafers and would also enable

adjustments or process corrections to optimize printed device yield for a given physical mask.
Such process corrections may be identified by accurate modeling and may, for example,

involve adjustments of exposure dose, focus offsets, NA-sigma settings, choices among



process paraneters in order to produce, e.g., printed
line-wi dths cl ose enough to the design target.

weanwaquent |y, if any systematic mask errors hageusems/035007
i ntroduced in the mask manufacturing process, it my

dlffer$rﬁl§)@po§u1€%lﬂs hhdTevhe gy stendatis gesknerob expaiv techndlogydisl availhlele.s
before such errors can be unanbi guously detected and

feedbgcq%rté 8 flaSlelmah Bk fiing Mo sy 16 3éphir thetshteatexhaskrrarsst r ong
need for systens and nethods that verify the physica
properties of actual |ithographic masks and their
effects on the pattern printing process, taking into
account the design intent. Such nethods woul d enable a
predi ctive and proactive qualification of masks before
exposi ng any wafers and woul d al so enabl e adj ustnents
or process corrections to optim ze printed device
yield for a given physical mask. Such process
corrections may be identified by accurate nodeling and
may, for exanple, involve adjustnents of exposure
dose, focus offsets, NA-sigma settings, choices
anongdi f ferent exposure tools, and, when systematic
mask error repair technology is available, feedback to
a mask manufacturing process to repair the systematic
mask errors. SUMWARY [ 0015] Methods and systens are
di scl osed to i nspect a manufactured |ithographic nask,
to extract physical mask data from mask i nspection
data, to generate systematic mask error data using the
physi cal mask data, to create an individual mask error
nodel with systematic nask error paraneters based on
the systematic mask error data, to verify mask and OPC
quality, to predict patterning performance of the
I'ithographic process using a particular mask and/or a
particul ar projection system and to predict process
corrections that optimze patterning performance and
thus the final device yield. [0016] In one enbodi nent,
a nethod for creating an individual mask error nodel
i ncl udes obtai ni ng mask i nspection data from a nmask
manuf act ured usi ng mask | ayout data, determ ning
di fferences between the mask inspection data and the
mask | ayout data, generating



systemati c mask error data based on the differences
bet ween the nmask inspection data and the mask | ayout
wdab@/o3emd generating systematic mask error parPam@iSers/ 035007

for an individual mask error nodel based on the

systemati c mask error data. [0017] In one enbodi nent,

a system for creating &HUMMAMNRAN dual nask error nodel

i ncl udes a nmask inspection tool configured to produce

nel8R15] Adgsleads perhsygiema areadislasediodedipeds a swaiu freimkedd b agraphic

anal ysis systemthat is configured to extract physica
maskytesdxtreied phy siqabrreskhdatanfisak niasls peetiiondatia teegentotedgstanaricnsask

systemati c mask error data based on differences
errorigletawsiag thelpbysisal mask data, phersite ail indivgkialdadsk earorimod kvith

| ayout data, and configured to generate systematic
systermatikmeskrepror paaaetets dpsedfonthessystematiothabld @trondsd t@veridy mask and

model using the systematic mask error data. [0018] In
OPCgnditg i petiliveprtiterningpet foothnice of thel Bhogreptec piotigs asin@al prti@lar

a |ithography process including an optical nmodel of an
maskemhos i pertitudar|praedion systsn, ahd rsedict pedce@tofiget®As that optimize

i ndi vidual mask error nodel representing a mask
patteminyfesfoimanedandshusgherasd dbeyopélddat a, sinul ating the

l'ithography process using the nodel of the |ithography

Pr{oeiss $n adcniboginttat, Vinthgald foegkatias ko mdVRER] mhdk PloPHIES

simul ated patterns, determ ning differences between

inclulid3@biniy 18dsk nspadtiogdas Rt MadkasiifhchiddddRing n8RR layout data,
optim zing settings of the exposure tool based on the

deterfhirfid Efi FERSs Btiv¥@aRe bk iRdpBitloa ST aRBthé ﬁlﬁﬁ{slaf')dil@l dz{tQ %eneratmg
design target. [0019] In one enbodi nent, a net

systemBGd SRS LIRL bdsBPodthR dHeinkddbeBlceR ﬁfe'ncfé% 3 lrféP ﬁ dgtgé (f‘rhe
plurality of exposure tools wherein each optica

mask IBRUEEEN) bl @Relafitd WSQH@JUC ﬁéﬂ(‘%?llé[ Saranﬁgcgrs f(groa% 1§cﬁ§1|aueﬁ fnask

the pluralitfy of optical nodels, sinulating

errorln‘loﬁgl%k%‘%mfheps&%ﬁ% ER f@aﬁ opti cal nDde' and an
i ndi vi dual mask error node or a mask to produce

S '[Wib?fne&e eﬁl%Uhﬁn%Pt &\t kdr PQaﬁr&eanq*xdT%hl?el { L B hSel

for each of urality o ti ca

inclufELGHL rrgl@%eee@%&!aopionhgﬁe@ Bhick Yool ;nGEROSULE LOPA °
modePBba MBLCHta analysis system that is conﬁgured to extract physical mask data from
the mask inspection data, to determine systematic mask error data based on differences
between the extracted physical mask data and mask layout data, and configured to generate
systematic mask error parameters for an individual mask error model using the systematic
mask error data.

[0018] In one embodiment, a method includes selecting amodel of a lithography
process including an optical model of an exposure tool and a resist model, creating an

individual mask error model representing a mask manufactured using mask layout data,

simulating the lithography process using the model of the lithography process and the



exposure tool and the mask for wafer production. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0020] FIG 1l is a
wohovmberts of a prior art |ithographic design aaw/us2006/035007
manuf acturing process; [0021] FIG 2A is a flowchart
individuahmabdkahos me i td produesimulaed patems, deterid midpdlifErences between
i ndi vi dual mask error nodel, according to one

the sixiudrel patidins @hd 4 HeignNea] Ardrbptilh@d2dtting o f tREexpSside tool based
flowchart of method steps for mask verification using

on tha diffenehicyd thtiaden IRSKNEEES pattEBdehd ﬂﬁ%g'ggdia@t.t o anot her
enbodi nent of the invention; [0023] FIG 2Cis a

fl [o_nma ah bndmbBAMAE 25h SRS 1hALdIBAKAME b pfur 8RS bOSHtUR Hels
an individual mask error nodel, according to another

for a?%ﬁ% ERpofte b8 th%ﬁfHaleGpticLﬂQ&ﬁll repleSents3 ihdiviual exposure

art of nethod steps for sinulating a |1thography

tool, RIrRE&GSSE thtSpIRGiBbf bitfbaMh S4a siﬁ?ﬁ%ﬁﬁg b ﬁiﬁ{ogﬁ?g}g%rpce[salés%%% the

according to one enbodi nent o i nv

opticﬁllﬁ%deﬁgld. an iﬁ’di&ihﬁ’é’l‘%@ﬁ &rrcggm{ﬂ%f 1}399 m%ﬂ@tggrctdg& ﬁ&ﬁﬁ{eidrllgsuﬁg]
|nd|v!dual mask error node ) according to one
o RO S5k e ATV B0 3E o L il S g v

of th{:ﬂlﬁ}tﬁllig{ Jf%gip %ol rﬂ%%kwitﬁ]ﬁlg% ]!(,%ﬂd ?egécgiﬂ ilﬁebrest-match

e sanpling Tocations, accordi’ng
i t [0V, jan: [0027] FIG 5A is a

exPo) a%?gén@g#le lggsrl%ofg&g‘?’%t%é’gg@c%k data anal ysis system for
creating an individual mask error nodel at a mask
shop, according to one enbodi nent of the invention;
[0028] FIG 5B is a diagramof a nodel -based mask data
anal ysis systemfor creating an individual mask error
nodel at a fab, according to one enbodi nent of the
invention; [0029] FIG 6 is a flowhart of nethod
steps for generating a sanpling plan for inspecting a
mask, according to one enbodi nent of the invention;

10



[0030] FIG 7A is a flowhart of nethod steps for
creating an individual mask error nodel and verifying
wea 203008 ng mask critical di nension (CD) PCT/US2006/035007
measur enents, according to one enbodi nent of the
i nvent i on; [ OBRIHF IFESERIPBION OF THIODRAWINGS net hod
steps for creating an individual mask error nodel and
verifying a mask using aerial inmge measurenents,
ad@ergithg. 1 & adtrevcharbolth prientrt Gfhogtaphit destgi dnd Mian[BOBAR
FIG 7Cis a flowhart of nethod steps for creating an
procgssidi vi dual mask error nodel and verifying a mask using
an optical mask inspection tool, according to one
erfbeli] FeG 1205 atfloerchapvenietlnd stepDOBBhskhletificioh 8sifg an individual
flomchart of nethod steps for verifying a mask
maska€io0 mdtlélgaccordingao ent@eiodint 6fthé Reedtioment i on; [ 0034]
FIG 9 is a flowhart of method steps for creating a
NQO8223 FIGEIKis @ flo@Ehatid elethofl s@ps@sihadkBRHfi@fbH hiifgan individual
process, according to one enbodi nent of the invention;
mask[eB0Bmbdét) dacorlifd td Snothel bAVEINAESt 0PThe MBIchGSh; St eps for
creating a nom nal mask error nodel of a mask

NH0OH3R ELGIICY 2 POREIRSIHS nRESQ 5 or hBskBRATNE0 § ﬁi il&Vdual
of the invention; and [0036] FIG 10B is a flowhart

mask%?rof‘ﬁbﬂ@,dac%&lﬁﬁk% té Sotier BbddiderR oPRRINARKtidRSK error
nodel of a mask manufacturing process, according to

anginerie [ ' ' TAl .
e e e

using®h iRl PidéA made Gt del $&Y rdibiE roﬁ%‘@ﬂﬁ%ﬁ%?ér}f of @ E}l\)@% G on)

are always introduced into fina actured nasks

d qamg FI S BPR4L R Kahdd FRshR SRHORE %ﬁeaﬁrggggen i%lrﬁalgiggegzljéa's?glgor

mask layout to the actual pattern on

lnmml%Hﬁﬁ&ﬁg&Lﬁg%nﬁﬁﬁhgﬁxﬁﬂ%§%ﬂ$g§%acturing t ool and

vari ations of the mas uring process. Mask
CIBEPERS 54005 L FRSED BB ERe oL e
model ﬁsing mask inspection data at multiple sampling locations, according to another
embodiment of the invention;
[0027] FIG. 5A is a diagram of a model-based mask data analysis system for creating
an individual mask error model at a mask shop, according to one embodiment of the invention;
[0028] FIG. 5B is a diagram of a model-based mask data analysis system for creating
an individual mask error model at a fab, according to one embodiment of the invention;
[0029] FIG. 6 is a flowchart of method steps for generating a sampling plan for
inspecting a mask, according to one embodiment of the invention;
[0030] FIG. 7A is a flowchart of method steps for creating an individual mask error
model and verifying a mask using mask critical dimension (CD) measurements, according to

one embodiment of the invention;
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i ntended to be nmade on the mask. Mask errors generally
fall into two categories: random mask errors and
weyet7aseti c mask errors. Random mask errors ar BCEUSZI08/035007
t hat cannot be described by a nodel, but appear
r aRORLIFYG 2R lissit fiutwichirt 68thétiod steps fmmﬁag&rumamcrﬁa%askfe%r
exanpl e, excess particles and pin-holes. Systematic
modetaskveeifying & nasleusng arial indgé meatreRRnd 8RESHRAE % e etbodiment
nmodel , where the nodel depends on pattern enV|ronnent
ofméﬁwgnmnjocal pattern density, pattern size, pattern
spacing, and pattern orientation) and/or pattern

| qoed2] ¢1G.OTT fshelowrakt ofih@hdleRes @cﬁ%?e\étlﬁ’é‘arpﬁafvﬁﬁgl mask error
environment is caused by, for exanple, mask wit

mod@ 2REPMAARE X hidbit Wsi®f drsphisal nﬁtslpﬁﬁf&’ﬁ&}%bln SocBififCh %11e

etching | oading effects, and e-beam i nduced substrate

embd¥@add: BOme{dveston; The dependency on pattern location is
caused by, for exanpl e, slow drifting of the nask

W83 FEIrd 199 flof@nhdrRSmMhiddt s'te?g e E}H%k accorsil.};]tg to one

post - exposure bake tenperature non- nlforn1t

emb&mﬁ&ﬁofﬂ@hwggﬁprlbes t he systenatlc mask errors is
cal ed a nask error nodel" or sonetlnes sinply a

W] FRES) is a ﬂ-gwéh m@ﬁl&%t%dl??r chea'tl ﬂlaﬁ%askn ror model

t he pattern envi ronnent and

of a iR Ifﬂan e %ﬁ&és (?‘(inhﬁ%{oogne ;éﬁl)gcﬁl%ent o‘f& 1n\(/]egﬁ?rhr g: ror

I he- e ness, enent error

23@"3%@%3% 5 B E{“ﬁ% tOﬁétmeFd;? gfaf‘i’t?fi%%@%ﬁaﬁam S
modet By AR AL File BRR @i S0P Ko Fnbo i BF e fvion

Iocatlon di fference between the manufact ured nask
pattern and the ideal post - OPC nmask Iayout pattern

od UBL R 8 1 e L' Ra e R oo epcrrr

mod b E&rt%?%%@%?&ﬁ% R selar gmoodTmen ofthe imvention.
phase-shi fti ngwhen the |ight beam passes through a
mask. The |ine edge roughness is the deviation of a
i ne edge froma snooth, ideal shape. The side-wal
angle error is the angle difference between the |line
edge profile of the manufactured mask and the idea
vertical line edge profile. A mask manufacturing
process has a nom nal mask error nodel that describes
t he process-induced

and

12



average mask errors, for exanple, corner rounding and
pattern bias. Each individual physical nmask's
weyet7asetic error deviates fromthe nom nal NMaEBKTAISEME/035007

nodel . The individual mask's systematic error is
descri bed DETARLEMDESCRIRITONAGK THESIVENTION, as
di scl osed herein. In one enbodi ment, the individua
MeB3 R 1h practitefigtors @r defeak, apalinRraphigdestay Fym Rredon) aRyalways
fitting experinentally-nmeasured comer roundi ng and

introlhica8 i® AR hRdufbtiied hiask Rkh e tHe padth HORER Procadrdaatieer N
| ocation. I n another enbodinent, the individual mask

post-©IPCAhasRPF0ht th Thedetugl faped HFhGadkidis o iRpbiTEdtiBAd of the mask
physi cal process simulations of the mask manufacturing

manFiRE @200l And variabiif e gk tBuRb8EhE MBcdsS. al@lﬁsld Ohffe the
mask substrate, sinulating the resist-to-electron

diffeteRtRMHBGHEOME mafiictiel Hagl ﬂ)ﬁtgrntalﬂ@ tHGGfééaS%ost-@P@m i:a?rl)ut that is
process during resist developnment. [O I n orde

intend&1 8 HEHAGe SPREMBEK. %@sk%ﬂgrs%emlﬁf fﬁlmm'td}wo\é'ag &l‘ é%ﬁ‘&m mask

error nodel, each manufact ured I S neas

errors ARPSEELAR: I‘BZ%R lerrBfs, RalR E‘Lﬁlaé?&}‘rofsoa% erfogs fht c%h&)t %@ﬁ&crﬂaed by

I nspécti on dat a. The ma I nspecti1 on dat a, oweve

a mo@é:lt bulf Qﬁﬁ%doﬂy E&Psrtcﬁﬁﬁggll?/ Rich fn%fg&fgéfur%@ aflR @&f&%ﬁa ee%cess

physical mask data that afe nee térn1ne

pamaésra@a%m-lﬁnéso 3 staggl%cgh%k%gﬂs%@m%m N p@&%@&ed%&% Ao,

i nspecti e 1 nspec I on

wherZ B} ﬁddgpcye {;rfzi? ﬁét%etnpg \/'ir%rcilltﬂ%l](i)t Igg % 1 fO{;eﬁ é’ ern fign%%[f é)att n size,

nmeasur eme unc ore,

pattellnnsgg&rg fam} ]gattglgl ?}%ﬁ%ﬁ&é talgérlg ngrsr’lkoca 10r§jl gnu g 8??%“% S*}}%c%?endency
on pat%t% 6?1(/1? tnglgengl)% g:g S %Qf, ﬁt;]rheg%l%‘lplg,arfla ﬁé}%ﬁ?r %e:arr%tdﬁg%ﬁw ggf:cts
o-bedgL R 51%%? s °°4)fgg RafinB 8B et GG et clBRA bR ges
The @%aeﬁ%%yﬁ# g cgrlc‘?ri‘efage%fsa@eya P S PRCIC T L JesE s e
. ﬁl Ed t he C mask | ayout data are desj gnated
during ey sk Qv g pt P SHRER RGN HAHo B BB e e
s 5y BESHET o sk R R ATE o e e
varj abl es of the mask error nodel such as the pattern

Slmpléfﬁv“maélﬁ%iiﬁl " ahhs pRsk PP SkpOR a9 iyt theRakternsgavironment and

i ndi vi dual nask )
pattern location on a mask, and outputs mask error values, e.g., CD error, line~-edge roughness,

placement error, etch depth error and side-wall angle error for phase-shifting mask, etc. The
CD error is the linewidth difference between the manufactured mask pattern and the ideal
post-OPC mask layout. The placement error is the pattern center location difference between
the manufactured mask pattern and the ideal post-OPC mask layout pattern. The etch depth
error is the trench depth difference between the manufactured phase-shifting mask pattern and

the design intended trench depth into mask substrate that will provide necessary phase-shifting

13



error nodel is finally created by applying the
systemati c nmask error paraneters to the nmask error
wondg30709039] FIG 2A is a flowhart of net ho#CTUSP®G6/035007

for mask verification using an individual mask error

whennthel Bght bamf pasdésthrotigh omeske Mhe théeaipe r@fghhdieisithe/@ntationof a line
In step 210, a nmask is manufactured according to an

edge AOBEPInRdKIE ieakshafdPTheBidk whl yalE errdriis tht efl@diferehdtebetimsk the
is inspected using any of a nunber of possible

line ddB¢ PrRFIRO theORhfifacBBedth sk UsS B idda] VBRIl RS sk pREIHOA mhisk
produce mask inspection data. The mask i nspection data

manufSct@hal praRek Had a 8 nalthask$&rbORBAd] ehalBSKrilk iR prélRiinfiged
the mask and systematic nmask error paraneters are then

avera@8 bR ARRE i KBInpREcobs FRNBihL Gnd Rk midsO Eablpinividull physical
step 214, an individual mask error nodel is create$

maskf Oy stbR8ti SREFIAEV it dBSK tHe B iR LINSRE SR8 ThE $hdividual mask’s
i ndi vi dual nmask error nodel includes systematic nask

systeRafiO&r R3S AIEGIR Dy BRFRAIRA] hi& Frok hdadied %E%‘%}élﬁ; In one
k d 0 or

mask error data.’ Q1e enbodi nent of a net ( ( ;
e Q68 Bt RRANEL i BRRS RO RN S A1

. . o . ¢ .
el AN RE L08R I ELE L B SRR o
paﬁe%rlﬁééa]kigféis%nédngglglb Qﬁt%ﬁﬁgenmggﬁlﬁﬁ%%gﬁ?as% %%&%5&5’%336?&2%%@ l?l?lng

., an opti nd aresrs

s A S, AL R FIRFELAT U, B
v oS PO BTl 2R 235 % Kot
s S SRR B BB BRRRTL e

L 405 R Bl G 55l e TS, e
o B S U R B, e ek R e
e e e SR L05 2 5 SRR SRR et e i
manu ac%uﬁecy%}lylsicglenlleis\lé ?igta tthlg‘? ar(éj %geidrec? 1% (E:?etrrtn%re rr]rilars] K errors. Errors and
distortions are introduced into the mask inspection data by the inspection tool or metrology tool
as the result of the non-ideal measurement transfer function of the tool. Therefore, in order to
accurately predict or measure physical mask data on a manufactured mask, in one embodiment
calibrated models of the inspection or metrology tools, for example, an optical model for an
optical inspection tool, are applied to extract the physical mask data of the manufactured mask
from the inspection or metrology tool output. The differences between the extracted physical

mask data from the mask inspection data and the post-OPC mask layout data are designated as

the systematic mask error data. In one embodiment, the systematic mask error parameters are
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performance before exposing any wafers, i.e., wthout

requi ri ng expensi ve exposure and wafernetrol ogy too
woizow/o3emd W t hout the possi bl e consequence t hatT/US2006/035007

product wafers are |later scrapped due to systenmatic

then parglateirtydiittng the systéinfic esiRetzor dhtaeo Iphfasiabley SdhdMadk ckdr
determ ned to be capable of delivering the desired

mod¢3tdhess thegttperehoif sfRitmandtpaterAMBichiRth @QIthhRUSS ihiyRitfARask
228; if not, the nmethod continues in step 224, in

errordiddeis gy @ &dted 1§y @%Wiﬂg&h@@s%ﬁha@@&lﬁﬂdgrﬁe phrhmbtersit§ the mask
repai rable or reworkable. I'f the mask is repairable or

errorm@oder. kabl e, then the nethod continues in step 226, in
which the mask is repaired or reworked based on the

si [0v39tred. NetsbeloRIhit FHMERA sféﬁi ﬁgmﬁﬁﬁveyiﬁgét}éin%'iﬂ% argi?g%idual

error nodel, and then the nethod returns to ste

. S o .
e e O € S USRS, L3808l
oS0 R O 04 R P LT ) T

. i ] | | .
1nspé€1%_d GShg ﬁﬁ/_to?g P%Fﬂ%é%&alfglﬁ?ﬁeu%}btgg ?o%}lasb%zcg{clu%sgg Hl?l?c%_)r%g%ﬁllebelow,

using an’in- or

o SRS, L 50 BRAAUERDRA 0 DAL Sl TRt

rirati ons rre
SRS R0 B ORI BRI T RN o
e o AR PS5 SABIE Ll L O SRS SR e
L T
o B e RS L0 T2y e RBSEL O
) B R0 s B B B B E i
FIG. 8&: hﬁ%%g%@f @E liﬁﬁgfa‘gﬁggrrggﬁst%gt%@g\{lgc ‘?ﬁggrgglie{?igggiﬁe design using
the in S Coag it PN PRFG b HUGRES PO of A IowRpbragess
(inchg]?negagg.t, Qr? gpt?cl;l rrlfcl)d%l ar%dp;cl r(egigten?o%el% %ooﬁr%c%?c)e sirrrnat}iatgc? papi):t%rrlfs.o {nrrc?n%
embodiment, the previously-calibrated model of the lithography process is the focus-exposure
model disclosed in U.S. Patent Application No. 11/461,994, entitled “System and Method for
Creating a Focus-Exposure Model of a Lithography Process,” the subject matter of which is
hereby incorporated by reference in its entirety. In step 218, a pre-OPC design layout is
obtained. The pre-OPC design layout was used to produce the post-OPC layout that was used
to manufacture the mask. In step 220, the simulated patterns are compared against the pre-OPC

design layout to determine if the manufactured mask will deliver the desired patterning

performance before exposing any wafers, i.e., without requiring expensive exposure and wafer
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mask shop before delivering the mask to a fab, while
anot her portion of the nethod of FIG 2A (steps
wa@are722@4 may be performed at the fab in order PCD/US2006/035007

qual i fy an incom ng mask. Mask verification using

metrglogyioak tée, pad wihae thgquossilde echsetfieing tigad proadétviadiéra hren@sk
error nodel results insignificant tinme and cost

scrappad duegs sipyenaitic inagk eforflOLf, ih@@P P2, Mg BXRGRHIE] mask is determined
devel opnent, and netrol ogy of actual wafers. It also

to bepapublede sl iveriug teidesird|pattéaia p perf@mantRsihe Ateho@Rbnidiad inlskp
control as well as the ability to proactively predict

228; o6 SRSmERdd @atin@R & didppd24Winl whidhithé MhdEis bNBuARTRBermine if it
process wi ndow of a device design for the particul ar

is repaBSte biSORorkhiKlE, BYRMMSR is r§1bd?dbl@6ﬁ1@w@§(taﬁl@ rtﬂ&l € Hl%fh%a @&tmues
usi ng the individual nmask error nodel can be used

in step@26Gh whidhlthd sk iSRB&itdd of rdtRslked HaitQ AR srﬁﬁhla{?eﬁ %Qééfﬁse
tool out of several avail abl e exposure tools,

prodi@%a Wking e Nt i@l BXROSH &10dO0ndShihd &%O%S {o's Ee%tZﬁ§

the optimal simulated pattefns when conb

wherg%ﬁepilrbcpg‘ ¥ivehiad maask 11§g«fcgd FRY Sihirulabdd r@ﬁ&%p&l’oduced using the

exanpl e, the exposure tool's settings

indivifhi isk 8Fer RYAEHATR: H&)ﬁmf}&?ﬁﬁ&tfoh ?l%i?] L Jkéanpcﬁgl? Ue& e%;eggple

opti mal sinulated patterns en co

in- ﬁe‘i@éb varidedds ydnq}é%brrﬁ@%}(b grf?slgp&i%d lﬁs[eveéllgkioldgg%sm% an m-ﬁeld

 owchart of
CD ugﬁ%ﬁlﬁlg%g r%%g{é%/d rrfgdr#]? he}‘gﬁ?\ﬁat@(ﬁ {::)“c;lrg% go%hc da% tﬁebl?glald%%l mask
error %ﬁgl W%}%}%ggogg 3h ?g Egcfil gra%%}ﬂlgsclﬁrg og %f Photomasks

Done! vﬁﬁfaeﬁg\?e‘ijL%%fS %%sseg 2}/ cgs],cs ”aE "Zélt sztz I(IY t%;iqgg nsqeaggtt}, ég%g%gess
condE8EARRDAAD 8 CR e Y s,
d

oe RSB0 SR Bt R L.
maskS ﬁ% 244 %n i, ndi vi dual mask error nodel is created

“Eror PE e @? I?LC mask thgt was :nzpected The )

oA P0) Py pen T oG ir era s lpaer it shenomahe

. sk error da% .(@he,enbodlnent of a nethod for o

simulgleg BEIE ¢ ARk TP oP Aneched-orendousdley i

bel ow coniunction Wi th .
shown as optlona step 228, where the process condition parameters of the exposure tool are

tuned using information from the simulated patterns. In step 230, wafers are printed using the
mask.

[0041] A portion of the method of FIG. 2A (steps 210-226) may be performed at a
mask shop before delivering the mask to a fab, while another portion of the method of FIG. 2A
(steps 212-222) may be performed at the fab in order to qualify an incoming mask. Mask

verification using simulated patterns generated using an individual mask error model results in

16



FIG 3B. In step 246, the lithography process is
sinmul ated for a conplete device design using the
wondinsawal mask error nodel and a PCT/US2006/035007

previ ousl y-cali brated nodel of the Iithography process
signifitanctime andicosesagings Bnvind ofmk reqoigial egdure, deoslbstheinae! )

to produce sinulated patterns. |In one enbodi nent, the
metrglo@Vofaidtblwarals) Rraib @ebviteslelquaiifibble bhsid BPARAIAY AMORAES

is the focus-exposure nodel disclosed in U S. Patent
contréiu3lviedicds il bRy tolplbatfivel P BrdicEitbidst 8 rec IS B WANSbtimize the

Met hod forCr22¥fﬁ% a Fd%gg-Eﬁggsure Model of a %

comrhdr RO HARI0PE & Bse debiBR ft iR Retcu b8l uRh, MY eﬁmn%}lé,
hereby incorporated by reference in its entirety. 1n

simuRtc8ParétBs gdnBiatel ubiRO B RN AR 288 SrdrSncdlbMah BE GbdYS bditt For
nom nal nask error nodel and the nodel of the

h
this shéciftOAhAPMY RN Sosh tHd] QQ%emmaOQ‘abﬁie%sg}quols, gy
I udes nodel

patterns. The nom nal nask error nodel i1nc

examBRAEWERLR %)g)okﬁ‘@&ooﬁ’g BhisaEAbdd? El%gtg§f§fg :OE@VHQ%%@%QJ ﬁégt?lrrfgﬁlﬁllén

errors and 1s further descri I'n conju

comb‘éﬂeﬁ@xgﬁll tﬁ@magis iﬁ&ﬁidugﬁffasﬁ ggbﬂﬂbdeﬁmt I%ngﬁllélgéé(?%%ie E’?ngﬁ%%

ased on ma I nspection data o
o il BBhsP AL SAR BB D0 A TESHY
s TRk B R 38E) A8 BB R L
) RSt S 10 B i

LR conjunction with Fl G and in U.S. Patent .
mask RS Fold, SEDRHR B4Rt bihiR o Fhsttn 1 el PhE R eskyis
atterns are._conpar agai t he nom nal sjinulated .
mandf @& {20 s RERAD PR HRC AR A0 rpe By it i
. eliver the desjire terni erf ormance before .
imspefd S b g B ReE PEpoRitbk el Bl RUtReRSHE Tl o
xposur e and. waf er trgl.o too] tinme, and w thout )
to P“i%ﬁ ° ‘B%%%PS&F%‘O\Q%F\%E E%P?&% m%fﬂ% HE poalipd Ioexipg systgnaatic
kscrgﬁFgg ﬂée to iﬁftenatic mask errors. If, in step
mask gror daig, Dr e sl apd velgmasRaskeTgr PEPRY RS e thensisi s migg fiom
of delivering the desired patterning performnce, the
the sysiemaBe masneTH daia- nstepdd, yspdividpalppask croreameds] ssepated for the
.continues in step 254, in which the mask i s eval uated
speciti¢;mask; thptiyyasdnspgetedy Tihg ndisidyal maskeerror modeldnatudss aystenfatie pask
mask is
error parameters based on the extracted systematic mask error data. One embodiment of a
method for creating the individual mask error model is discussed below in conjunction with
FIG. 3B. In step 246, the lithography process is simulated for a complete device design using
the individual mask error model and a previously-calibrated model of the lithography process
(including, e.g., an optical model and a resist model) to produce simulated patterns. In one

embodiment, the previously-calibrated model of the lithography process is the focus-exposure

model disclosed in U.S. Patent Application No. 11/461,994, entitled “System and Method for
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repai rabl e or reworkable, then the nmethod continues in
step 256, in which the nask is repaired or reworked
woasEd3on4t he simul ated patterns produced usi ngCTHS2006/035007
i ndi vi dual mask error nodel, and then the nethod
Creatigg alFotas-ERpaurMade? of MbieHograbRePioesa,” tetubjectme®f &Bshich is
mask is inspected. If the mask is not repairable or
heretiyeinevi it &by tdfi@Bnde heityeitided 1hetepy B thedlithb@Rp cebss
whi ch a new mask will be manufact ured. [0043] It may

simuledReBE ia Db ida0 maslodttdi thod8llah@the nfcEbfty NB6&aphy process to
information fromthe sinulated patterns to a wafer

prod e @ehGial SifuRkQIGRESms. | ThembfinaPRask! dMop mod8ldnd1eded@iodel
possibility isshown as optional step 258, where the

paraREtOS @RS repRBEH i RBssRANREERRFa8e Rifhsk MreHAGS Hired ROibad Below
tuned using information fromthe sinulated patterns.

in co%_l__]‘ﬂn@tfoﬁ RvithGAG SV 85 STRY Sonfthdl MaSElerbtt inftliel 1'3 %oﬁﬁ%ﬁ onlRR#4]
2Cis a flowhart of nethod steps for

inspe¥féd cfa'tacﬁtth@ hd#RiRgmatk, bitdhayivd Yalivr s kpiiate usgﬂ?;dtgst masks or
accordi ng to anot her émbodinent of the i nvention.

may Bd §RaikeChy RrefiBRIS tlllesln&WirdEeIl AGLHELS RRERT hﬁg% grgvﬂﬁsly 1nsgekcted

acceptable post - OP [ayout. In ste

masks SNbBﬁBﬁﬁB&%rﬂé?h%gelélgnl Sﬁgve @ee@qmedgg p o %)llltge%r op Wy process

net r ol ogy tool s cussed I n nore

modBLORHE TRk RIAGER] AR 18 ol HiS 103 cﬁsge?dpa%g%éa%mong%c%on

IS ana to extract I'C mask error

with F f@ 1 %@ h’lﬁ?r % mrﬁ ﬁxi)Bﬁcta'n? ﬁgsllfél% !f%%[( Iﬁa{eg ressm%{llatea paerns

generate enat

are o3 fedlaleih bl £ SImakte& 2t TSkl f %ﬁaggggt%{?gg%%k
witl GG RO et dgiss?ffs %&%ﬂ%@”‘%@ré eate En Reg el € oyt
requifif ipe it &Rngé’*% %far%%fe%%ﬁ? R edfhu bR

consGplcE Gt p@uit sty %ra aF%rSC%PPé?Sﬁ-b?e Bt ytemesdsapgait b dep

252, {8 aiitehe 5&?'(12%1'4 by RS fhdF coreolemy %F]ii‘feﬁ‘&}% fheglisirdmaiaaiae
perfo§r{3§r%%¢,6‘g@@gthg$ ﬁc%tlgtlegnn gtgé Igé?.? }fglrg? ?}}%l néq{]ggd c%n{u?lfels ?r} ster{oo 2(:15(?1I 1)n
which the mask is evaluated to determine if it is repairable or reworkable. If the mask is
repairable or reworkable, then the method continues in step 256, in which the mask is repaired
or reworked based on the simulated patterns produced using the individual mask error model,
and then the method returns to step 242, where the repaired or reworked mask is inspected. If
the mask is not repairable or reworkable, then the method returns to step 240, in which a new
mask will be manufactured.

[0043] It may be possible to provide certain feed-forward information from the

simulated patterns to a wafer production process. In FIG. 2B, this feed-forward possibility is
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enbodi nent, the previously-calibrated nodel of the
i thography process is the focus-exposure node
wdizeriosemd in U. S. Patent Application No. 11/464¢T2%4006/035007

entitled "System and Method for Creating a

showhnes optdnsasps8, Whsde the@loodsslcohdite wrpdiyetdts OLHS SxpostiB@ool are
subj ect matter of which is hereby incorporated by

tuned &gy ie@foei@ation fidnSthe Binul@Ed/pattbis. Sinefep268, withS are printed using the
l'i thography process is sinulated directly using the

masipost - OPC mask | ayout and the nodel of the Iithography
process to produce ideal sinulated patterns. The

P OB O44PPES ITSIK a lilo W EhHrt TR @ﬁ%ﬁoﬂﬁaﬂd VeRficdtio8 Bsing an individual
"perfect” mask. In step 280 he sinul ated patterns

maskadr@r %H@?&c@&d?ﬁ% Adther BRbOHSA O?ﬂ’l@'lllll\%hﬁ&l qﬁtsfeﬁ r2'7§ atn(i’ask is

determne if e manuf actured nask wi | del i ver
man ﬂ?&ﬁrE@QccQ@HgQBQﬁQ&eﬁ%IE BEARIPE S AR RHE: qﬁ@@ hig) ﬂ?ermask is
wafers, i.e., wthout requiring expensive exposure and

inspedRfl ﬁgmg@fyro@h RGN bdr %?f)osgl'b%%% Igw&oﬂoéétdlstcnge@ BSRd0 li%all below,

consequence that product wafers aré |ater scrappe

to pr(gchcé bﬁ%&&ﬂﬁk fonflﬁék ThE El§ m néet‘el (_ﬁ ({;lglsl% g&l&%g 1 ?t systematic

manuf acture capaﬁf

maskde‘?llok hEied fop gletnpﬁk %ﬁfégﬁ@ﬁat‘?ﬂ&%@& ref}b bl n ot Jr? %@%ﬁ%ﬁne&ﬁgd from the

met hod conti nue ste

systeﬁlgﬂé fnjslkee‘?r& at3 t ﬁﬁte%%tl :inrlnmd e{i r&algl? er?g%%}l(o P %ye% ﬁ?gr%lg

rmne | f IS re alra eor revvor
spe(ngg;f]ﬂtﬁlslin%%t; V%Bqllls ?&éc? Z’Ig% 15(9%%‘}] %1% ke e%rﬁ X mr?@gll(lnc?lggfs g%sg?nl)aéla mask
| d
error ?)51 a{ng‘ég% cﬁ%lﬂzdgﬁ%ggb acir}}traclz'][eci(ssylétgllgj%t?(:t Iﬁ%sg%%%}* f ns dlfﬁgnent of

nsto alre

a meéﬁg(é\go? %reét%rgasff(1nd1v1quﬁgrags&eér8f mP?e?llshdéscwgé gagwr%{:onjunctlon with

. SEEB S SR T RSl e

the h#gvg@l%; B PHF LG PO oL GRS AgH ot G Dpeaipocess

e ST REOHLE] L B85S0 o e i G o
ere thﬁhgggcess condition paraneters of the

embé%%@ﬁﬁéﬂ%@fs tadrderedesotite Hthesspnbytrrosssstip Binfeqye-exposure

i mul ated patterns. In step 290, wafers are printed
modeu gisﬂ@sefi HuUtSy Batgnt Application No. 11/461,994, entitled “System and Method for

Creating a Focus-Exposure Model of a Lithography Process,” the subject matter of which is
hereby incorporated by reference in its entirety. In step 278, the lithography process is
simulated directly using the post-OPC mask layout and the model of the lithography process to
produce ideal simulated patterns. The post-OPC mask layout represents an error-free “perfect”
mask. In step 280, the simulated patterns are compared against the ideal simulated patterns to
determine if the manufactured mask will deliver the desired patterning performance before

exposing any wafers, i.e., without requiring expensive exposure and wafer metrology tool time,
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[0046] A variety of different nmetrol ogy tools may be
used to inspect a nmask to produce Tiask inspection
wdav@/srat wi | | be anal yzed to extract systenmaPCT/USEBK/035007

error data used to generate the systematic mask error

and withoattht possibfeatongeeencethiat/prodiet wakslarelted scrappeé Hue (SRPSENatic
netrol ogy tools include, but are not limted to,

maskeoovse f, iosteyd 28pthe aahufb@sied nasipBabieahint ORI 53 cadbld dfEdlivering
di mensi on scanning el ectron m croscopes (CD SEMs) or

the désired pat@rifiidvperforh&igt,Ghd BEBEd intihRsGORES2(ARYR), iR method
scatteronetry systenB or aeri al |nage neasur enent

contimyes ireste Z94Mp)wite the mhsk i Beal@itdIad idBRMine & 1t$§fb?9i¥ab‘lt9<fre r
that includes an i mage sensor array is used to neasure

rewoikBble: aﬁrth@hasikriﬁﬁfa@'blél o edvRilkdbie) Meh R @RI doHt‘nﬁieE th step 286, in
i.e., at the wa pl ane of an exposure ool under

whiclaht Wask sl rE]&hﬁPedﬂ&tﬂeQBrk@d‘Eiasti i @6 fsinﬁﬁat&f)ﬁh@bltn's beﬁu&td utsilﬂg the
correct exposure wavelength to /erify and possib

indiviAR4li sk 8rrbNBoRE raﬁ@fh@ﬁﬁfé@néﬁl@d o0k 1Rt B, Wﬂéjé t jg]i)ﬁljeﬁ Br

of the nask-exposure tool conbination to be use

reworkad ﬁlraslplg AIPEkddO e th%@slﬁ@@gbmﬁb of re%rl%ig%gfg%gﬁl% Method

array for neasuring an aeria mage pro

OISR PRhich 2 i at ent No.
et 3#554 eﬁfit?ﬂ%ﬁﬁgsiggﬁfg%gkggﬁﬁod for Lithography

Pr mgfﬁrA%rU Qgs'ﬂﬁgto 6’\/1@&& ﬁlfeed Ito{%;aré Hlkfé.)rgl%{lm{]?})l%%e of

whi ch by 1 nc porate by reference in

simulgtg{l Pét?etrﬁls to L%ﬁ?éroﬁﬂéﬁo%&ﬁge t11{ ?f(? %YJ ﬁl?scthg]d gﬁ%ra %f)sg}blhty is

acting systematic error ‘data o

o Y S RS %@5%&%‘?3’5@8? Bl eé&?iua%toaiare
i““"dtugﬁ F%é‘%mi‘iiﬁ ol f%giafgﬂ.fi% I e S Rl Faafpeg ipe e

nask |nspect|on mhich requires a full exposure field
inspection to identify point defects, is the reason

bl Lit
sl 5 GR07 (ARGl Rat bt PRt ek mmaducs
k t t t k
mask agi’%ciiéi gt o e 0T e LS R e e Qs o e
t.of th t b
’enerﬁgﬁgtswﬁe”a%"wi< ﬁrerarip%%%ae'g%%é t i v B Racly These
tical % ?o tware tool that may be
mtmia %ﬁ%%ladw i‘i?y 1§ Rt lililtF%@P%Iaﬁvlogl?iﬁWIa@ gk @sRqcpR tools,

i ?3 on the, EOSt OPC | a
sritical dimension scanning electron mlcroscopes (CD-SEMs) or imaging SEMs, atomic force

mask

nicroscopes (AFMs) or scatterometry systems, or aerial image measurement system (AIMS)
ools. In one embodiment, a sensor wafer that includes an image sensor array is used to
neasure the aerial image projected from the mask in-situ, i.e., at the wafer plane of an exposure
0ol under actual illumination and projection conditions at the correct exposure wavelength to
rerify and possibly optimize the performance not only of the mask but also of the

nask-exposure tool combination to be used in wafer production. One embodiment of an image
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i nformati on of the mask being i nspected. [0048] Al so,
while preferably the systematic nmask error paraneters
wanegaomtat ed explicitly for an individual nMaBKTAEISEME/035007
nodel to be used in a |ithography process sinulation,
sensdragky fpualehduyingay adlasimage plodsded dy an dxp(ﬁﬁﬂeftd)cﬂds cby:ldééd ngJ.s.
the lithography sinulation systemto "forward"
Patertt Aloc6,Bad, £54; biitRd PSBtedtaniedsthddsfopL ithtRSdp hi PRI NIBHHoSnOihd
each netrology tool (for exanple, the inmage neasure
Contfy,” &2 subjBGEnHRASOThicH i BdtebyindorSSalei 8y YoferdiceGh AN tkaH.NY
a netric of agreenent between sinulation and actua

MEOGAT B Mhask aitebREy RYhSQRRTH dirading léyét@d%tf% nli)é%lé eﬁ&rdaeasof a
on this nmetric as pass/fail criteria. [0049]

maskdkCHehér@ifng sobtemeticrh itk abd paghnRtdrd WiNQRE Qé?x@ﬁéll? fe@lﬁf?@a?ﬁlﬂ%kﬁgure
the individual nmask error nodel is suitab

field SRgYca6t SthginAgk Hubslhybeliagdd JBMAliRa hith e df@a?ﬁ‘;ﬁes ThlS rgflaahta’ave
simul ating a |ithography process using a nom nal

differleh QGRS triMH&al Ak iBdpeQioRewhieefbqhResGhall RE Rhide %ﬁldqflsgectlon to

speci fic mask nanufacturlng process or a particu

1dentﬁ?ﬁ$‘1nﬂ'@fé&safstth@' tebdn tf&%e doalii&hnit pé’ﬁabllllgﬁtb\ﬁlséjﬂﬁ 511%%5/ of

I'n" a preferred enbodi ment, specific t V|ng

1nspe¥‘ﬁ4n to&i?td @&QC’LQI% ﬁﬁﬁtﬁr ﬂlé’sﬁ('eﬁgls?at@ﬂd g%ﬁg[@l!e %&&é&{ tﬁ%a@lg error

he rel evant par ter space of systenmtic” nas

paran%r?ﬁgﬁﬁﬁegsa@{ ﬁ‘nfah@ﬁlgﬁcceh%ﬁdattg ﬁ#ﬁ%?ﬁﬁo&l%%&%llnm& suitable

process no manu ri ng proces

samp H%Ito?ﬁg)ng £v1tﬂﬁ1%g lé%os@r@ fﬁgﬁ%l% den-Jt_lP'gd Qlﬁg]merl]t"f‘callyn’g)z k cﬁ’&v%cr:eet%gl that

acturi proces

o BB BB i e

Lers r. a.nom nal mask process nodel for a mask
orR f
infor %nufa]Fﬁ?%h%emggggsgﬁare determ ned froman enpirical

Oy s u%g%swtﬁ? AT R B T
CXpllel I}E}br ag;&si Vé%.}az e[rlé)g f}%{lgl E@be\g@s\ﬁ; in EP ﬁtbogré@% pp (Ecggﬁesilfiulatlon
SR BB i‘q@%ﬂaa i
“forwg;g!f rclglleillgtgrg‘é ag pect resu t% %f r?llas nllé%tsﬁrgr?lerg? %)/n ga%h lflr?e?rg)lotg)g tool (for
example, the image measured by an image sensor array in a scanner), by quantifying a metric
of agreement between simulation and actual measurement, and/or by specifying suitable
boundaries on this metric as pass/fail criteria.

[0049] In addition, while simulating a lithography process using the individual mask
error model is suitable for characterizing individual manufactured masks, simulating a
lithography process using a nominal mask process model may also be used to characterize a

specific mask manufacturing process or a particular mask manufacturing tool rather than

individual masks. In a preferred embodiment, specific test masks having well-defined pattern
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systemati c mask error data and then generate the
systemati c mask error paraneters, after suitable
woabi7mseti on of the mask manufacturing processPCT/US2006/035007

paraneters. [0051] Below, further details are provided
variabibnCiRiticanpleaspas tistha rdevaitigatahieter 0O 6f syewBinatioOmadkiteror

i nvention. Any of the descriptions of these specific
paraBeb8 did TREpeSted@iotprodiice B 66l inabm ek prark&Snddel fok b uekl AbRufhdd@ing

general principle without restricting the invention to

procés8aBeaddF Eﬂoﬁh’ét@h n€RO AMERBhhal h2&RP2dcetsdmbde] fMRHARNT
to note that the nodel of a lithography process

manhfAGhiEgFoReNia fither AREkHaBelbRah cofiic8SERIth FRSK 9-10B.
properties (a mask nodel such as the individual mask

erp50] TR her cRBbAiGRNt, BIsRREBAE M8k &Pfor Eﬁ@mbﬂefslﬂ% @nkiRA mask
and projection system such as nunerical aperture,

procdtd %Halfo%%&ﬁ‘&ﬁfac{ulnhg BFO@%E hl%rﬁief%frﬁlﬁlé& from3H ngmcal or
aberrations (an optica , and resi st properties

first- gﬁncﬁlﬁt? b %‘P%lrﬁask mﬁufam gt eﬁ&%@s Ofpe 'ﬁpaqﬁ haﬁgﬁ&ﬁ?ﬁ. Ilr.béeXS

been di scussed el sewhere In detail:

BB LR i Sl LR Bt Sib sy
Writiﬁgio%p'fesmméwl\é fhent n%lesggsreﬁlgln?et fle 8£skasut>§t1tatﬁqgﬁ[ Q&gﬂmon

océss refle ts yS|ca rea ty nore close

syste:fnﬁﬁrmlérsto {Ha P B&d I‘CIHZB Q)cgsgr Jleﬁp)ﬁ%a eqlgécftgleglpact the

artrcul ar er Y, ons o process parane
c St and a ne ho
systeﬁiaﬁc rnaﬁ( erl'l%z g%tﬁ eré(g %’%% gef*nerapque SySEA Oﬁ% mgsrlg errcf)r é%rla%lg eel nCI’

Pat en catl hb 11/461,. 9 entitled
S““aﬂéwlfbé&rﬁ"gr?gthl@e“%% bRt BEE Exposure Model

@?#l'éﬁﬂa?ﬁgﬁﬁ e Sy . %53%%%%%@ gbodiments
woff PO pL iy SR OBl BRI SRk St e

utilize callbratlon data al.ong nultj
cxanfesdn QR BF Seret BT SR e BRGne oy TP i tagse paricular
thin an exposure-defocus process w ndow space. The
emb%@@? B and the net hod prOV|de a unified set of node
paraneter values that result jn better accuracy and

r R IR l{‘@é gn}aﬂ:rtagq tﬁ@p@tthqs the madelof % lﬁ]éqgramhﬁ Pracess ificludes separate

onditions, as well h
modules that represent mask properties (a mask model such as the individual mask error

model); optical properties of the illumination and projection system such as numerical
aperture, partial coherence, illumination profile, and aberrations (an optical model); and resist
properties (a resist model). The importance of model separability has been discussed
elsewhere in detail; in brief, simplified “lumped models” exist and may be able to predict
performance of the lithography process to.some extent. However, a separable model of a
lithography process reflects physical reality more closely and results in more accurate and

more robust predictions, in particular under variations of process parameters, e.g., across a
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ability to predict l|ithographic performance at any
poi nt continuously throughout a conplete process
woioimso@atea Wt hout a need for recalibrati on &CT/US2006/035007
different settings. Sinulations using the individua
proca¥Bshndewt O syswfieind b methodjatifietih®@suchvatdirdidygredictions are disclosed in
focus-exposure nodel provide highly realistic
U.S. Patant AgipichtioaNoe 1146 1t99a} emtitind 18y steaemd MeteiCdf efaling a
predi ct the performance of the wafer printing process.

Focub-BRpcthirefViéael 8 Lithograplyomeesas.t Pafticili ot US. easntf Aqgohcation No.
simulating a lithography process using an individua

11/46Y88H, £6sRn 418 d@hothod FEI0dreitiG a F6bue 8L BRI AHIBEBE 2 BhofBshy
i nvention. In step 310, a pre-OPC design | ayout

procesf SidNglobdie TUE §) st AdattBdtnethod vl eNlistRidnaRlcHs M Hkiple
Then, in step 312, a post-OPC mask | ayout is ogtalned

dimeﬂi@nsﬂﬁ%ﬁra@t@r VREKors Y PettichBr IBALE gxﬂ%)!ur@%@fo&hsqgorgsgscwmdow
and ot RETs to the pre-OPC design |ayout. I'n step

space> the s?ﬁelh Bl b Bdabd ?eriﬂe%rdnﬁfedwlmoﬁgl a%%éf values that result

manuf act ur ed usi ng post - OPC nmask yout

in beﬁér%@&ﬁgcy am Fobe A bF&RkIA gé S Hﬁ‘g %r&%gs &g&ﬁ%ﬁsngs ng]iaas the

I ndi vidaal mask error sed

ability Q@bl‘éﬁ‘l@g ﬁtﬁ&r éﬁscgjeﬁin%ang t a-lw g&nt éoﬂtlﬁﬁoec‘lply %‘i'l‘gu%}l%gled (iomplete

exposure pro 'S Sl mul at e using the’ind

procé@%dgfvra%a Jﬂﬁxgﬁé a &E&j fo? ?ecgﬁlgrbt?cﬂll at Hﬂg?ént ép%tﬁh“ggl g%rr}leﬂf%as lllsr%ng

optica OCUs- exposure no ose

the 1r%d1x§iiuaf§1taﬁyetrr ‘ro‘%hélcfﬂj‘&nﬁ]ﬂlc{}?%w&l} h% ?#ng-gﬁ%osgrfe.n?o%eleﬁgy e fli%hly

uce a

reahs?’lc %u?&?cﬂpaﬁ?r% ﬁg{l]cgm nge%;ié r%(ﬂ%loatr]etlg praefhcte t%lf, ?ér?o%r%%nce 05 the wafer
resi st Iayer Is sinmulated using the srnulated aeri al

prlntmﬁﬁmceahd aresi st nodel to produce si mul at ed patterns.

T t d
218@5@@ SR s?éafcwﬂ%w R P ey P s
usmgr?&d%ﬁ%ﬁ@d%{aalsrrmrp 8 g%OF@ﬁﬁﬁgégg ekl Si@p&?@?@ﬂ In step
d f th d
310, ?"nra“(ééﬂie%m 5L R B R G 157 BFe/e CBAe B o
to reflect the ropertres or changes of the physic

312, %H?%tﬂPgsm%rééacW o abBged nEherRIsPL ¢ Brpolaect & Criegd by “pplying
OPC and cr)T‘r%er RETs to the pre-OPC design layout. In step 314, an individual mask error

model of a mask manufactured using the post-OPC mask layout is created. One embodiment
of a method for creating the individual mask error model is discussed below in conjunction
with FIG. 3B. Then, in step 316, the exposure process is simulated using the individual mask
error model and an optical model (such as the optical model of the focus-exposure model
disclosed in U.S. Patent Application No. 11/461,994) of an exposure tool to produce a
simulated aerial image, i.e., simulated patterns projected onto a resist-coated wafer. In step 318,

the formation of patterns in a resist layer is simulated using the simulated aerial image and a
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if a known mask is used on different exposure tools or
with different optical settings such as NA or sigma
wdi2dd7asent opti cal nodel s may be used in conj URCTIUSZN06/035007

with the same individual mask error nodel. Lithography
resistshoddl &t prodge visiulged fateraamehennidisiep 306, thavEimllaged patterfigxde!

with different optical nodels of different exposure
analylze@®toSdeCeunine radsedad drificdl diidnkibys dddeoftepRLERR phigel phtkeads in

will provide the best perfornmance using the nasE
resist, epr esent ed by the individual mask error nodel.
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such biases across the nask area, variation o

NA o@' @ﬁﬁsdl tofellt @tﬂcﬂl?nodgﬁﬂa B uslang bir)juncﬂ[m Qkd %ts%g ﬂ‘gimdual

I as e syste tic mask’errors escn
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dlffelggﬂ&éﬂ]{cﬂg@é%eﬁ%i’ﬁ ﬁfe'h%xpgﬁﬁjefe ng @4 78d #}%ﬁﬁtﬂlf?ﬁ{ xpospre 1o tool

ree- |nenS|ona Ing O
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mOdGé-wékéfi%Eﬁ% infffR 1123154%5’%%&1?% s f%qu"f@b”%éﬂ%egor;%%lef thgeysil
k| D
type SRR e i ptebuh B e SR RE Rt T Psidgn sk effimoce
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o150 RRRGRREH B lélio %fg?%gsytsﬁm%&naﬁfsé i feeb e fio B hask
b& I ned. ep 334, the sk.is |nspFﬁted %ﬂth
ma““gauﬁ ‘trg‘élpéo‘ieﬁss 8%"’ VEHAHOR Pr MpeEigns Bk Bl hepELt 1!
| , t i nspection data is
maskﬂwsw%QVSf e&a@ﬁk ewﬂzf aaaséé/@rlﬂfqﬁl&&smhwlwsa%cr%ﬁ@e%k area,
. global linewd as is,applied to the non1na| mask
varia ‘Pnr %frsu%%éﬁegmvvﬁfl 885’@?%‘6}%{1‘?“?} dé&%@nwagrk Besidst biagp dhesystematic
obal linewi dth bias occurs when the width of |ines
maSké’Ffé?éSt dsgerird Py dhepdividynl mag ereay grodeknan lsp mplude gprensaunding

design values for all linew dths. In
radii or line'edge roughness. The individual mask error model may also use a more detailed

6}“ actual

three-dimensional modeling of the interaction between light and the mask structure.

[0055] FIG. 3B is a flowchart of method steps for creating an individual mask error
model, according to one embodiment of the invention. In step 330, a post-OPC mask layout is
obtained, typically in a CAD file in GDSII format, and a nominal mask error model for the
post-OPC mask layout is created. In step 332, a mask manufactured using the post-OPC mask

layout is obtained. In step 334, the mask is inspected with a suitable inspection tool to produce
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optional step 338, the mask inspection data is

analyzed to identify gl obal phase bias and the gl oba
wohewasioas i s applied to the updated mask err®cTosa®b/035007

For phase-shifting masks, a global offset between

masldiagiegtivaiciagin dn 5B 83 @ teliiaRK ifdpasion 84t RniRyedas §déhtify a global
Optional step 338 wll only apply when the

linewidth biag aidithe globBSlkheivedtiabipdis agplet itd the AEmBEKask! droP 8],
340, the mask inspection data is analyzed to identify

prodiiig A update@asiedtior idaeMiAdBb lindWiath bYATk&irs WG thWelith of
these variations are applied to the updated nmask error

lines BRERH on THRESRK efdr 8 stdidSicdIB ol Whb Wek§en values for all linewidths. In
pattern-orientati on dependent vari ati ons,

optioRalstepr3B8, dRNBhIYinsRARMIBALs MRIyzE to Mt fSLEHMI ?ﬁas@ bfaShhd the
dependence for dense line patterns), oOr systenatic

globe%l gﬁe{sébiaé) fbsalpﬁified(% itﬁéé@g%ltecgﬁmopﬁ%dﬁp F%aﬁ@%ﬁiﬁg thalls, a

e mask. In step the mask 1 nspection data”Is

globA BB B&H et Pdds Bt éﬂ;dxnﬁlgfa&%fedg)gﬁésjggg{ng; E)ﬁ%&.ﬁ%@%ﬁgg@% 338

corner-rounding effects are

will SHRSHPBI W tﬂé)ﬁg‘huofftc-[llﬁgd 191?5151?5 Plgatg?-glﬁgtﬂx%erﬁﬁsf_(ﬁﬁ% s\?\%r%ﬁ, REmask

nodel éd by nor ogl cal ope
inspeb SRS AERTS & s GRRN QL UL
inspe{ R3S BR52 ldcrlhy SR BB B s TR e
iasd é- j [ a i S._analyzed.t
varaforRreihiod Il ARACAN BB el SRR BT g
C . ' .the characterjstics of the sk .
pantcCERRALT dep SRRA PR ub OB BES ePleEd oPtoePE U i
s sk error del.... I n st 46, the mask
ceperfinis 16 MAEE bR S B Gtsiog® af B ipenciont o e
t tic rror, parameters is desjgnated as the
area GHASE GRS FESR BF Pi RGHES Bl pinieed W e ring
nod reflects.operations that nodify the original
cffect3 3] %-hﬁﬁ?fnaféfé’.“@‘ﬁnf 5 eRmalive theQpdgfa Bl rfardhodel. The
aranet exrs of these rations. .[ 0056]  Extracting. .
comnef o e 1 el SR s o st Serioga e et n image
indivipual npﬁg.error nodel will not generally require
processig, PY IOPTRIFHIHELR OF RRBRHPHNIt. S gott taprdimensioral Gavysie
based on k inspection data froma sujtably chosen
ﬁmct@an& %twg%g? the EBFI%E’@??P%?I} dpia 1p arakrzed isideith ethgisyRiomptioanask
4 is a flowhart of nethod steps for creating an '
error PN (xfccHigioly deserdhe thipdharacigastics ofithe Ruaplnansiehesk aystaatia
frommultiple sampling |ocations, according to another
mask error parameters are applied to the updated mask error model. In step 346, the mask error
model that was updated using all of the systematic mask error parameters is designated as the
individual mask error model. The individual mask error model reflects operations that modify
the original post-OPC design layout and the set of specific parameters of these operations.
[0056] Extracting systematic mask error parameters for creating an individual mask

error model will not generally require a full-field mask inspection. Such extraction may be

based on mask inspection data from a suitably chosen sampling of representative locations in
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enbodi nent of the invention. In step 410, a pre-OPC
desi gn | ayout showi ng the design intent for a device
woo0@rosgweed. I n step 412, the pre-OPC desi gn Paymstooss3s007
processed using OPC and other RETs to produce a
the nasls t FIGPCiswaidwdhary ofihethodlstepsfomirsuming bR Gidiveduadmadosel model
for the post-OPC nask | ayout is created. In step 414,
usingimbdktilivpedtiap dyta HromatslSple Sarfpling] 18daohslisdcb@ing toaakeherof
the |ithography process (including, e.g., an optical
embdflert ofthe irfretRAl $i stEPAR), ) pROOPE B&iMARABEhoBTEIhE iR intent
nodel to produce initial sinulated patterns. In step

for a ddBce 8 poandl] Bostd AN, HehrdOBE @é‘s‘ig'rﬂ%(ﬁt 88dcessed using OPC and
manuf act ured using the post-OPC mask | ayout is

otherdEHBIt@ pRduce BRstSGP® a5d 1;9&1_@ IQnd %ﬁélﬂiﬁﬁsma%ﬁ @gbﬂbrﬁgdel for the
Wi y a

| ocati ons where the mas | be inspecte

Rt d 128 ithi | B&is 4 '
B e T T
of thd RBodrAbHy bce (H?diuﬁfn%dei:. ??%rg 05 nt¥ie é?ﬁfdtavf@srlsq rﬁoﬁ@iﬁ alluf’thgi_he

integrated wth the | aphy sinulation system

Dty T EREAT. -
er s LD G OSSO GRS
ot B GO 50 R O R
o BB S A B B s
ol LA A PP AN S e
systef! %%F g)gs:t-g)PC nqasﬁézgffohflg ﬁ}é'tifig g\fai@%]é gé%é Bt@%)%w)}r(}:/r SaLLBsh Sstem,

sanpling plan™i
nctia .[0057] In ste a_mask

. ' i.th FIL.G . 6. 4 18
whielf QR4S HRE b aer S ompligk IS 6 Hers s D T Geto el PO
e, Ry T A SRS B e
1]F)roduce ma%% ingﬁgecti on data. In step 422, a data
paranqirpag thab g st hBESk ST e - Befictedensty. pattern
Orien%\ésterrati c. mask error I{)ara ters for an, individual

Qan, pél?qr%plt%]aaéqenb%l,zef P tq:a{qﬁj) g corners of different orientation and

polarity, line-end with varying spacing, and at various locations on the mask area (e.g., a 3x3

location matrix), etc. Creating a sampling plan is further discussed below in conjunction with
FIG. 6.

[0057] In step 418, a mask is manufactured according to the post-OPC mask layout. In
step 420, the manufactured mask is inspected in a metrology tool according to the sampling
plan to produce mask inspection data. In step 422, a data fitting routine determines optimal
values of systematic mask error parameters for an individual mask error model by fitting the

systematic mask error data to input variables of the mask error model such as the pattern
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systemati c mask error data to input variables of the

WO 865860y or nodel such as the patternenvironRludN 035007
pattern | ocation on a nask, where the systematic nmask

error data is based on the differences between the
envirgrineatcing gatfpiny bbatimh omasiaskiatiaerd the Bystdietivamkk éritR8G I ¥8ed on
data and the post-OPC mask |ayout data. The data
the dfffer¢ricagbetoath itiR@xtisssl phides yabledmd fem FRKasR isfction data and the
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post-OPanaskdaypniaisiad @hé feta DERE 1 AGRE B He sPRIMBR ISP & dFEKmeters
i nspection data and the post-OPC nask | ayout. The data
as fitfing paragetes thiak e opmtizb®incuRddrié HIGNRAIL @ R brebhetiBewea e
I ithography sinmulation systemused for design

maskviespetticadataind 1RIpobitOP@habClapati! TR dfa Bliap %ltiﬁpﬁxa¥ be an

l'ithography sinulation and data anal ysi s system1that

integPBeA FRBAE it sBik Bthobralityf G 8latiéh §y0RmMAROY R HEY i@ﬂﬁgatilon, or it

lithography sinmulation systemto conmuni cate sanpling

may bdpat S¥al ﬁdﬂﬁal&{bqitﬁd}gﬂﬁy StnfMR{oh GndBSK alﬁaﬁa}gs%rsga% ﬁ@?ﬂ@&e flave a

Finally, in step an i ndi vi dual rror no

data inferRELRHRGLE RhtA& lﬁl%gé%ﬂglg si‘ﬁlﬂllé{ﬁ)ﬁ s?sfteﬁgg%g:ioﬁn%rﬁx%?ﬂ%tsérﬁpling

mask error paraneters. | ] I'none e
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I sk e e

system for creating an individua ror no

error ]lyﬂj@lle}qg BRat8d GRHPUL b[%iﬂna@ LatEoy d &g?tf%?é%ee{@% ;%a%nr%%grs.

or extracting systematic ma

| NoEs3F 1h O o 9 a gﬁﬂc?arlcﬁlte'lﬁl%ga\é)?g rs}’lag}%lﬁal(’gl{c:)rrlm gr?cl‘jclfaéa? :?r,n:'slﬁfrsm

parameters fromthe extracte . S

ool IR S AP DAL B L1 i
R R T T N
sener S LR PR BERRY Sl i eror das.
e S0 I L ATBRAED SRCH R DS TR B o i
s 0 TR 2 SO0 o B D i
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the detrsr%g%inﬁlﬁ%tm%lsgﬁgg &ha%gtheraeclng%rdgliqe% \ t}txeolitggg(erap%gt;%llil%?ltang fdalta
analysis system is integrated within a mask metrology tool rather than being implemented on
a separate computing platform.

[0059] FIG. 5A is a diagram of a model-based mask data analysis system for creating
an individual mask error model at a mask shop, according to one embodiment of the invention.

A model-based mask data analysis system 522 is located at a mask shop 520 to identify

systematic mask error data of masks. A design center 510 provides a post-OPC mask layout

512 and a sampling plan 514 for a mask inspection tool to model-based mask data analysis
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A nodel - based nmask data anal ysis system 522 is | ocated
at a mask shop 520 to identify systematic mask error
wdav@/aé7omasks. A design center 510 provi des aPpDAIS2000035007

mask | ayout 512 and a sanpling plan 514 for a mask

systeni 512D 8GddePBase®Blask dutandigkis bstad52Pagkvidestaetrology recipes 528
anal ysi ssystem 522. Mdel -based mask data analysis

based SYCHtBERaRPAnPHIAY b DES a iRtrblokY®Y! 536C Mrtoldz? ®obsHadaytpany one
the sanpling plan 514 to a netrol ogy tool 530.

of meMbEOb O Yy i R0Y FRRA ifBMadk@hes) ¥uddng a@fD-SEM. QVleigylodydod] $30
typically found in a mask shop, such as a CD SEM

inspecidd LAY shORh) zedfdihf enB&totogd redsds 5CBahd piooides)the resulting
according to netrol ogy recipes 528 and provides the

metrofog? Hith 580 (TBLALQAAM] Saical didénsidhsPio.mddeRBRed Magk data analysis
critical dinmensions) to nodel -based nmask data anal ysis
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nalyzes nmetrol ogy data 532 to extract systematic mask
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par ane \

ers romthe extracted systemati c mask
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erm ne esi gn I ayOUt verifticatlon
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o 5 SR A SO Bl g o e
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I g S a analysis system 522
t ti £
e e LA e S G S R
I fab, oth t.ool besi d t
systen) Q3R ek en SRR DT ST P e ta2p L R RS TRl 38

nodel - based mask data anal ysis system 560 for creating
locategrin 2 & A0dual mask error nodel at a fab 550, accordi ng
to one enbodi pent of the inventiagn. del -.hased .
0L 58 ahgyavshssomalrg e et B R BeRR s R ign
to extract systemmtic naﬁg eréﬁr.data qgﬂﬁ ene&gte
FIG. 88 i adipgta ofra §lodelrhagsd pask dpfe peylysisyate fLeating an

individual mask error model at a fab 550, according to one embodiment of the invention.

Model-based mask data analysis system 560 analyzes mask inspection data to extract
systematic mask errof data and generate systematic mask error parameters 564 from the
extracted systematic mask error data and create an individual mask error model 562. Design
center 510 provides post-OPC mask layout 512 and sampling plan 514 to model-based mask
data analysis system 560. Model-based mask data analysis system 560 provides metrology
recipes 566 based upon sampling plan 514 to a metrology tool 570, such as a CD-SEM, which

measures a mask (not shown) according to metrology recipes 566 and provides the resulting
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extracted systematic mask error data and create an
i ndi vi dual mask error nodel 562. Design center 510
wonreviode®4 post - OPC mask | ayout 512 and sanpl i ngCpiuamno6/035007
514 to nodel -based mask data anal ysis system 560.
metrdlbghedatdi@e dmages kndlaitivabdimbysiins) 3236 eivdSGR gl sk des analysis
nmet r ol ogy reci pes 566 based upon sanpling plan 514 to
systetn 360t Mrldelglastdinbskaiéth anslysib syemas 0hayiMo sehd &lposBaRY @55568
a mask (not shown) according to netrol ogy recipes 5

baseduntbn paropling @Eantshe 1o BeipdsiiRGsR 5 8® b@hs 8 %aﬁn&elrgexpoéuf@cgﬁ% 80,
and critical dinensions) 572 to nodel - based mask data

an in@PabdnSdrarray SE2(RrRmpivHe | m3a s@dor sl ofiote pARAY I\YoS b ?03 554)
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mask data anal ysis sy tem zes
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mask error data an gener at e sys
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Mod k dat t 560
systefRNEL Fure parair%%%??ﬂo RO SPERL Gt o1 & 564 Lo fab
cont %. L0061 A or, opj ective of
géﬂ’iﬁiﬁ?ﬁ%w T 85T oaPP IR IPLPEoxgurR pefioTort

. % tic nask error pa ameters from mask inspection
SyStegalicnasE Sy BAFARAIHR TR pasE inspretiony dalp de Prorids sulfisieairaysrage
mask errof aranmet er space by the selected sanpllng

is a

ofa SY%W‘FS}% féafaéle#é sppce Pythe ﬁ%{?qtedoﬂlamﬁh%@eatwép’élq

a sanpling plan for inspecting a mask,
ﬂowcg %.L@lgsgeé)s for generatlng a sampling plan for inspecting a mask, accordmg to

one embodiment of the invention. In step 610, a number of systematic mask error parameters
that may be varied during data fitting between mask inspection data and simulated patterns
using an individual mask error model are defined within the context of lithography process
model including an optical model, a resist model, and the individual mask error model. The
systematic mask error parameters include a selection of the most significantly variable mask
error parameters or mask error parameters having the largest impact on patterning performance

(which may be based on a sensitivity analysis), or may include a wide range of systematic mask
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one enbodi nent of the invention. In step 610, a nunber
of systematic mask error paraneters that may be varied
wduaoigomat a fitting between nmask i nspection daCauan®6/035007

sinmul ated patterns using an individual mask error
erroripacheleteas. €lhdmfin steel6 M, b dnge bhelevamtvadsts ie Hetbinl iRQIFOAERYN of the

process nodel including an optical nodel, a resist
systematdemaskesnbr paremétard; geheluly definsils M rafdalwitoehultildi®ensional mask

systemati c mask error paraneters include a selection
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post - OPC nask [ ayout by a se
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the meliof Eyfmi 5 601 toh 6 oo TS HEnS R S ke Hhegprch
e.g., a 3x3.|lpcation rix), etc. In step 616, the
algor@@ﬂ% rfvag%ﬁ &n?léﬁeg%ovsrﬁg%%é? aagémstfsr PR lﬁ%uféﬁ@%te fn Eepls, a
the identified sanpljng |locations is evaluated to
Sampﬁ%& Dppased o the ecwg;gag@gla?aﬁpﬁ%ls genesatest ehhengn step p20, the
ufficient, If so, the nethod continues in step 618;
Sampﬁ'?g @ 1s Proyiderin HBask BIPEFHS o gickelogy Pk where t he
sear ch algonithn1is'repeated until the coverage of the
pat Wb F s 78pne Hovehagh pfmeghod steps for crepiing apiwdividual amesk priner
| an based on the selected sanpling |ocations is
modeggﬁe\fegfyé%g_ a npp,pgﬁl’smg Hagk @'HICGQ@I’TIC{IW (%D) measurements, according to

one embodiment of the invention. In the FIG. 7A embodiment, for ease of illustration the
individual mask error model is only characterized by a systematic variation of mask critical
dimension linewidths across the area of the mask. Other or additional systematic mask error
parameters, such as corner rounding or line edge roughness may be used. In step 710, a
post-OPC mask layout of a device is obtained. In step 712, sampling locations in the post-OPC

mask layout are identified. In step 714, a sampling plan is generated for inspecting a mask
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sanpling plan is provided to a mask i nspection or
nmetrology tool. [0062] FIG 7A is a flowhart of
worbitedo®i eps for creating an individual mask ecTms2006/035007
nodel and verifying a nmask using mask critica
mamdaceed iy theR)st--HOPEIhsk tyohis In ancatishdient, Ghdagpling plan is
enbodi nent of the invention. In the FIG 7A
generared asih R imettiodlof BIGE 6. Dlien| inlstep 71 & tain@Rk haBufhded h&dbling to the
mask error nodel is only characterized by a systematic

post-ORC inddsk fyo@fis HM&ileCdnl bICTRKEN t0BINS LA tb @YW HehsirdGE 0SS
the area of the mask. Qther or additional Systematic

linewi@BdorEthé HaslPRCKIRESS fhe simislhgPFanC O RQfihdr @Mﬂgdlﬁgntoa[n 1Ha§1ﬁg
edge roughness may be used. In step 710, a post-

SEMRAK hs3Y & det@him tHEYIntRisibSal ARARLIAG mish eﬁjme}pargnjn%ers such as
sanpling |ocations in the post-OPC mask |ayout are

cornelr #8RAkInG] Bfster T18SthE Predshibd 1Rew RINR! (g @b@rbre%j&ngﬁﬂﬁ r(%%%ﬂ‘ing

for inspecting a maskmanufactured using t ost

that tHBEK-IEAY M hasltRePREbE: o FBiNhe désrg%eé ﬁ%\hﬂtﬁ galﬁésa(tﬁesgﬁ CDs)

generated using the net od of

5
in thenliogﬁ_(opg%ité lal S oEt al ne aﬂgﬁé’&%’\ﬁ%@@ bpag%luese sita tion of
actualj'{/sr Qisﬁénléd Pcﬁlﬁle{lsh(%s @ﬁx\é‘hﬁ&bﬁtho neb&?@ c%ﬁ er?z%%l?r di ng

e sanp Ing pla anot her e
patteljlnlr;ﬁgzgl Jégas 3 bﬁa% b lgm(rgarlrgcf gf’thg 9 eg ecr%galg]( Q‘&% cons%erg r1on I,In step 720,

Syste%%s*%}q%#% ﬁ%gmgé’rs %fgsae#%d P‘?as?nﬁfvﬁ%uabﬂm Bt Rgs te
mask%ﬁf&r&r%l ly ele gget%aglag St t d SI ne Bemh er\glg%ts Sz(t\g//%%}u 2
f t|n th W|dt devi ati on
mask d@ f%vagd R AT e iSPf%ﬂE? B eRpe Parpges may be
ze t
senrgsf Fip ?f%l@etargﬁ%%ﬁelﬂ& BhEr BT &2 feyicigerspipgprocess i
ci.fic nger copsi derat.i In step
simulge feips? PSR e oo Bapratiot Erdvdint Sl Da@timos aaghe
.individ . r nodel using the mask CD error
resist &aogsl oG b el o oeealo radise P@“ﬂ?é%dé&“?fﬁs t'Hen, in step
glffe ences betmeen t he mask CD val ues_and t
724, 1R Spyited repPThRttE 8RlyZet o delrepimamasiesirgdie het spe?s ‘and other design
garaneters may be generated using a garanetrlc fit or
defects, proeass eRirectgsiseand tep! giafshing Jnformation) Thprgeash paFrogtens awy
1nclude focus offset and changes to NA and sigma settings of the exposure tool. The simulated
patterns may also be used to verify mask and OPC quality using any of the methods described
above in conjunction with FIGS. 2A-2C, and to determine process windows for the lithography
process.
[0063] FIG. 7B is a flowchart of method steps for creating an individual mask error

model and verifying a mask using aerial image measurements, according to another

embodiment of the invention. The method of FIG. 7B is similar to the method of FIG. 7A,
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simul ated using a nodel of the |ithography process
(including, e.g., an optical nodel and a resist nodel)
wana7ieroi ndi vi dual mask error nodel to produceCT/us2006/035007
sinmul ated patterns. Then, in step 724, the sinul ated
excepBitiLif5738M8 adnta e @eris& dleh 6y Micher Wafk i peigfah indpetsensor
spots and ot her design defects process corrections,
array, 8 \Hed BQheatt 6 Pidjetddiinagd @i aie. makkén #f @aas produtios etgoons
may I nclude focus offset and changes to NA and signa

tool. Bk 'eﬁ59§dn‘i’1tentt RBas8XROSI HeflalliR@te usiti@ndinayd @had apatiser ns
may al so be used to verify mask and OPC qual ity using

lmple@&%e@icc&laﬁlgfmﬂa%%lo@ﬁ% of e tatah 0%e 6,803,651 Mes uiy thyvbdrial
and to determ ne process ‘wi ndows for the

1mageI dsfnﬁ ‘ﬁg:rlﬂﬁ seH RGRSPof thOB63batkilt Grovides indssive dnfaB af datin the

or ~Creating an individual mask error

form gﬁl —re?d?tﬂlo\ﬁqﬁlla ?omﬁﬁoﬂé%’f B FHRE i htid¥RE®ss the exposure

urenents, ccor |ng to anot her enbodi nent of the

ﬁeld o Qéés%Pe t'gg LHOH e Qireli b Gial TRhdeS0iS hidld 6&50@6‘15/ Eﬂé%ensor

,except that in step 736 an aeri al

1mage) mgig élOts diiegt %{ 1’ndﬁ5lt% I?hea@ldﬁl T BRSnd Wk ek RE b A BB Buitable

y, 1S use to nmeasure a projected

analyil%%l% ca{ﬂg{atrlgnt o'}%hngoniﬁ%&ullea %Q Qhta REPEHEINONHESHRR Sikfulating

one € urlng an aeri al I mage

ol PRS0 50 ot R SRR 0565 i
Ve J
changgs }%z'g}ars g?\ﬁlggms %gﬂ esgpgm?t%’le 1! &aggestub Svérm&eﬁ ﬁl'ﬂe?lgﬁy, Wthh

atain q q ;ggl % nmassi ve annug S
o A ) bl nsféa@:agzr;ﬁ@%%sg%hgsﬁf?ael%lm
measzrﬁ%g'éltal lg}age m ].n)égl a_y él&ei tgté vea ?fﬁzgnt%c% U eﬁ%ﬁzieggre@%ﬁ W mask
may Y HESRE ggt@d%ggesgw ?ﬁﬁ%ﬁ%&ﬁ%ﬁ‘@f‘ér ShitSlo A g
measur ed aerlal I ma n be defined thr

assistdjaphgr SRR lutiop ? ala ¢ T SHe a?ﬂr%)&eé%s gea%ret snzes and
exposure tool. For exanple 9 n%
variagefdrasire iz ereid waﬁﬁe\/ﬁea%lwn&}\ﬁ?fPS%ﬂéf‘aﬁe %a i F Py derived as

changes in overall signal intensity, ¥h ma
systeprptismPEETPHPA ERYRS] éltﬁgnataVﬁly’ ﬁftl'@gj‘r%ﬂ’féa @Fgl’rf‘éYl ‘?/azi}‘@‘fk etrot
over the cross section of a line in the
model may be expressed in terms of more directly-measurable parameters such as contact

energy or relative signal levels. Extraction of certain systematic mask error parameters may
furthermore be facilitated by acquiring data under a variety of conditions (e.g., through focus)
using multiple NA-sigma settings or different source polarizations. For example, parameters
of phase-shifting masks may have characteristic through-focus behavior so that aerial image
data measured at multiple focus settings will allow a better characterization of the actual mask

properties. Finally, as in FIG. 7A, an individual mask error model reflecting the physical
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nmeasured aerial inmage. Simlarly, the total area of
contacts or other small features on the nask may be
wdizoEaBip4 neasured on the i nages, even for feaPdr@s2006/035007
that are too small to print, such as assist bars or
strucotrdiefithsachral gedlctibn maskas séedtfod @At li@Sf pEtEé?ﬁihg pé&formance, mask
measurenents, feature sizes and variation of feature
verifshtiams andl précegsadotrestionslensi ty and across the field may be
explicitly derived as systematic mask error

P66 Tieths FIG\ 7Bednittidinddt Yor a8 &ai1ibuR@dn Be BdividiB1 mask error
i ndi vi dual mask error nodel nmay be expressed in terns

modedfis dﬂD}f@aﬁht@ﬁi‘efd'by'afﬁ?ﬁ&ﬁﬁtﬂ,bdaﬁatﬁ’cﬁlr@%"sﬁEff’ticﬁpcﬁﬁneﬁﬁ?nclﬂ{émﬁs

energy or relative signal |levels. Extraction o

acros§ Hetapdaldf S SBEBO IS SBIKitBhdl HasPat ARGl ﬁ'?l)
furthernore be fac?litaied bfsacqu?%%hg rétghﬁﬁa%Pmé

roundiAd brQin¥ e@%elArGIS’gFﬁj:sts nPDeuSedd In sk !7?%,‘ glr% éfr?&%'ﬁé mggli B%out of a

mul tiple -sl gma séttings or di t sour

prodiR1sdbiaFed. 11RRp 752 Earﬁﬁﬁ%&c@timﬁ% ﬁxg'?gset‘-roi’@&%slkéayout are identified.

phase-shi fti ng masks have ¢ acteris

In stég RO B B6Y ﬁla{? %I'h%?(%rgl'féd 58 113%2%1{1?%%@1'{ i ﬁﬁgcﬁ?rg&;vltu%ng the

neasured at mul ti ocus ngs w
_ agt eri I+ t tual. mask . properties
o GPE L RO AL aE o T PRI AR defios

I ' [ r re of the tu .
of I, B S 28 Rl ARy a1~ Seldt o Bhe ARG PE Rk var iy
. ngfr, : k.verification, .and process .. .
obtai R TG e PR b R TP o B RS aRl s mptpred usng
. ' tration the .individual sk error _node
o inEEEE AL a5 BR | O S Bl S 2 e PR G s re
itical dinmension |inew dths across the area of
extraffRE R HB?ged’Peaa‘aa?’?‘?’féiﬁ‘&!anﬁ%%Pf@?lrfmdséb%&a?@@@%? tool
o AR 150 PN e bR g QT e e B
roduct is ained. In step 732, sanpling | ocations
¢D V@Hestlﬂ 6;5’8%%(?1%16&5 ey %a?fgfa sk GBfrof fadg baspd o thep
er 134, a sanplin lan is generated for inspecting a
differgficei behGRIBRPERED FARG3gne e I8t CPPEugR R SieaydRieysiemati
one enbodi nent, the sanpling plan is generated using
mask Eper Rl BF Senergtedgor anindiyyalmask egoryaedel framihamed R
ccording to the post-OPC nask |ayout is obtained and
error ‘gar‘ia' akieisyy CaHig gRasl PRI RERIN RS MAYbhgenRrated @ising A patametric fit or a

exposure tool is measured using
look-up table. Then, in step 744, the lithography process is simulated using a model of the

lithography process (including, e.g., an optical model and a resist model) and the individual
mask error model to produce simulated patterns. In step 746, the simulated patterns are
analyzed to determine mask-specific hot spots and other design defects, process corrections,
and tool matching information. The process corrections may include focus offset and changes

to NA and sigma settings of the exposure tool. The simulated patterns may also be used to
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an i mage sensor array according to the sanpling plan.
In step 738, the mask CD val ues are extracted fromthe
waeni7aBoiomage neasurenent data and an optical RrodaIS26/035007
t he exposure tool and the inmage sensor array. In step
verify AfhS add P RRHityGRingahy eSthaneoaspatitd apaiers todjlietion with
design CD values in the post-OPC nmask | ayout to
FIGS. gﬁﬂﬁ, ah@1oRitkm AP pRIcES ivifkihng ofararhdagraphprodéssf er ences
etween the mask CD val ues and the design CD val ues.

' rgm%l] GRGTARis abHoBATRS S et ABBHe R T5Vrealils AR IdaRhSSK error
generated for an i1ndividual nask error nodel fromthe

model 3RS l@erﬁ‘?m fa sk g%ﬁgaan O-E)h@alsrﬂaﬁ: 813Bdckibn BB KcddFdif to another
p e

ar ane S may be generated using a paranmetric fit or

embocgrrnlglg%lf fﬂéﬂn&eﬁ?&rﬁ l'Th-g I od! JRFEE e 18 4fhilat 804 nbe@bBIIGY 7A,

ess 1S sinulated using a nodel of the |ithography

LGl i I i | m lus r Ras
exceptft‘;elé)[ﬁrg ?tg%g%ﬁ(elc}%olﬂg%ag 911taﬁ1? _Qpectlémtogf,’:éé 5 3bmABAIS lus@NEr Rask

e I ndividual mask error nodel to

contax%r 9 %’rllclgsg)%&t%l 0?&(21?19%2%;& tﬂét ion,I i uscetd%’ inZﬂ:%t a bl %ﬂﬁébl&ﬁ%ﬂ

erns are a o determ ne mask-specific hot

i i d. o | ' steps
1nspec§1§13 %Q[Sobsgalrr]e txjglfz%l idﬁ:g gfi?‘eldg& fqﬁfc&?eﬁ'a%e _IQE{hQ CERFlete AabiBamba, QB the step

ntormat 1 on. € process corrections

of ideﬁ@i(nig Eé‘lgglg)?g l{x‘% 1O a% gén%atl‘ﬁg g?lﬁﬁl%%g)%s £BmNL %Q@b%k

e exposure t simul ated patterns
vonl B8 S5 SRS Pl TP Pt 8,
T U L B
Methafl g3l ColRth R SRy PR S8 s P bl (3, BRG] 96,085, the
e RS B S BA ) RBRL SRy SRRREL ot o

R e 5 o FeSEly LAy B bt

contam nation inspection or point-defect, detecti.on,.i.S
model S HsIabRPHEEE by 3 PHRRC P BRI ST LSBT B

are typically designed for full coverage of the
acros&thnpteepéthg«mk. a@f@gr’ or gddifippal giaélbgrrcgfparia@gﬁfs-r 1‘,1&9%1 ﬁ@comer
roundi oS S0P PSR e P e b b RIPE G i e ok SF%
produ?:!c icévgb%/a;n\ég.r %/“kilerr]l?inso%fi(t)nealinsitg}ia ’(7:5flr,nsia:c‘hii(pli(?lrgrlc(>)craticg)nasrilgjl t etpgsrt-SOl;Fr\rllaskf(e
Jayout are identified. In optional step 754, a sampling plan is generated for inspecting a mask
manufactured using the post-OPC mask layout. In step 756, a mask manufactured according to
the post-OPC mask layout is obtained and the mask is inspected using an optical mask
inspection tool. If applicable, such inspection is in accordance with the sampling plan
optionally generated in step 754. In step 758, the mask CD values are extracted from the mask

inspection data and an optical model of the optical mask inspection system. In step 760, the

mask CD values are compared against the design CD values in the post-OPC mask layout to
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determ ned from an optical mask inspection tool, as
descri bed for exanple in "Apparatus and Met hods for
wa@abd7@seiomg G obal Data during a Mask | nspecti 8aT/Uskao&035007
Patent No. 6,5 16,085, the subject natter of which is
genchermisy GInerosrpiatadiased obyhe dffaeeies Betivier the mREE €D €hles and the
[0066] In the FIG 7C enbodi nent, for ease of

designlQDusdluast [0stef 162, kyRebinaticlhatk s kargheRfs AR brated f&2hY
characterized by a systematic variation of mask

individubl thasilerdi MO8 oM th MEWM CIb BSortdak0 StheshRerfdiR Ak eddle
mask. OQther or additional mask error paraneters, such

paraiiiers @1af ©F gbrRpel WiehgQlpatdnREicORGR a ICUAPNESNS TRY, RSt F8H the
In step 750, the post-OPC nask | ayout of a product is

simulaled Ptk ard Bieiyzed B Rk AL asiEtRBifil Bt spo R biRSr desien (cjiefects,
| ocations in the post-OPC nmask | ayout "are identified.

proces§lcRREiEA8 And St RatbRiflg irforftANBY. 1198 pRIcAR cbﬁe&i@ﬁ‘sqfl%gﬂﬁ%g&cus

i nspecting a mask manufactured using the post

offset @MQ@Hinged 13 NBA SRY szé?a seﬁin??&(thm%glﬁg gﬁgﬁﬂmeﬁﬁ@ﬁ%@i Ie;sng may

t he post-OPC mask | ayout i s obtaine

also ﬁeﬂﬁé@t%tv%gf}”ﬁésﬂlgm@@P@%Llﬁ?gsiﬂ?% df@ﬁeqﬁ&héggrhegc%%c% ehblogf%len

appl i cabl e, such inspection Ts"in accordance w

conjuR 8Bl v iROr RisafA Dt .Eﬁ%%ldé%ﬁngﬁ@ﬁ%@ésg Qi ddws {og@w erél§ﬁl]‘a%)lﬁ' rocess.

step 758, the nas al ues” are extrac

e S U T, S
ey AR5 SR TR S RSPL B3 o 5o R0 PP
s BRSO L 085 BRSO B
con i RRSAPE 5B BRI P o A )
ok BRL SR i S04 OB SARGL I B8 L s o,

764, .the simulated patterns are anal yzed to

ste
Scaﬁe@&%?ﬁ%eelwgw?t%eci fic hot spots and other design
d ..process correctigons, and tool matching.
B R 6 FRdeRbeRs b R B P oneoHas P P ey
of f set and,changes to NA and sigma settings of the .
proced B ERRIGRT HEP S T APRLSPRNop HE A0 iy a0 rgsib tudesiye
to verify mask and OPC qual ity using any of the
or ver, 1S¥§6ggat%é%3(§k ERassiess fopan individual mask error model from SEM

measurements on printed test wafers. In one embodiment, this derivation or verification is
accomplished by using fitting routines that allow a variation of values of systematic mask error
parameters while keeping other (separable) model components at fixed, independently
determined values and by subsequently using the calibrated individual mask error model to
predict mask-specific hot spots or process corrections.

[0069] An individual mask error model can be used in a wide variety of applications

that go beyond OPC verification or mask qualification. For example, an individual mask error
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conjunction wth FIGS. 2A-2C, and to determ ne process
wi ndows of the |ithography process. [0067] O her
wenhodsemmt s of net hods for creating an indi vi #aailusamsk3s007
error nodel may generate systematic nmask error
modgarag e tigxdso prediot mbikesppéific ORCTRSHotsbs RREI Are4l, which may be fed
t echni ques, such as atom c force m croscopy,
forwarﬁttceai vefeoimeiection jrbasetoRlet®ledAodiRs thd BSRF erRRE deice areas.
"Optical Considerations of Hi gh-Resol ution Phot omask

Alterbitbely, Meinukiogys 4 lithogrdph gﬁédekﬁm&'&g inttividual dBSIC8 ror E{oggl can
SPIE, Vol. 5752, 1392 (2005)), aerial 1mage netrol ogy

ident(f@ p@cess UstdtgomthAlcMbbd RaldrwaRiGaHE BE SR aﬂfi-
el [ ipsometry. [0068] Wthin the e g THyse process

corre€i@dnk Bia@ iRHidb QG ﬁﬁg@%ﬁﬁlsﬁmgﬁlof ngtlcgl 48&&?9&{ fe Q%po%re tool

process (as disclosed in U S. Patent I cat

such QSJ-NAGS:lglﬁg @umlhitldnspréﬁlé Fod %éﬁtéﬁ}' &p&)&rgﬁ{l&}ﬁ? 6195 leé‘sa’ E#JI@fments

systematic mask error paranetefs for an I n

If se{?@ﬁ kexS3stRN o dTRAE v fifa B fﬁ%dﬁ%ﬁ&y Eogm{:ﬁ' c%gtlgal LTSI may

wafers. I n one enbodi nment erlva

knowYx%ro‘nf %G]%llﬁgtlérﬁn%ﬁ]%%hﬂs ?(I;]ﬁlq B &é@%t{bgntf c{ e, Lng lrn?]r‘glil grrllge S

that allow a variration o

perfofthdn@é m@ﬁ@ﬁ@&@%lﬁ )r;&’gi sbgcl lﬁﬁ)gkdzgln?l{l hbeat T{l %b lf%d&tégr%er to

conponent s at epen

maxn‘ﬁﬁg mées% gﬁ?ﬁ%ﬂ%ﬁ&iﬂmg ﬁévné% Cptrtl;]a%cF on o dn té%t | ?rbdl yi dual

err spots or
An divid
L T 5 V@gﬁw Ko o
f [ificat
entif NGRS Orﬁa?v@%gu@s%s N SR T
d' Kk hot t k
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produfff exgaﬁufevtgi‘?v*d AT e ghedby & PROGP TPk froniea

J ndi |du k error, mpdel can identify
ihoekiHhl Bah Pl ofr oL nsEa FOBUFeR i GPReEoD biseia sk
roces These rocess corrections may include a
may Hzfésw%@gafl TR SERREATY "G TS brononr il
illumnation profile,

osure uch as, NA, sig
acrost EF%’%‘E%%%@ Mg etiigatisinsn 2SS fitriectsivs feaj e e on an

estimate of agreement between measured and simulated images, defined by suitable image

processing metrics. The method of FIG. 8 may be particularly suitable if a nominal mask error
model has been established for a particular mask manufacturing process (as discussed below in
the conjunction with FIGs. 9-10B), and if the consistency of the mask manufacturing process
may be of concern. Alternatively, the method can be used to verify mask quality over time if
any aging processes or progressive defects such as haze need to be monitored.

[0071] In step 810, the post-OPC mask layout of a product is obtained. In step 812,

sampling locations in the post-OPC mask layout are identified. In step 814, a sampling plan is
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If several exposure tools are available for
production, tool-specific optical nodels may be known
wénremweol cal i brati on neasurenents so that PCT/US2006/035007
t ool - dependent differences in printing performance may
generdd 1BF ReHsGLifthnl #fialams geiniah iekpd¥as Kool asiag dhienage sdnsoratahy. In
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[0070] FIG 8 is a flowhart of nethod steps for
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Or & particu ar “nask FRnuT acturing
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[0071] In_ st 810,
maskp e tom el Rt eaoh oS ey %Iﬁfagge@%"ﬁ% ik Ca"‘f’%ageéit@odﬁ%“mg
in the post sk, | ayout entifj ed st e
st DS o8 eBRHng i ngém?cif% GG Pﬁ%c*ggtmfﬁfa b ity or
aerial image in an exposure USI‘fr}g ga% Se(?z
charagfpriziye the faglt BAUEACHITNG PRRESES: %{c% Breg detorar may
t he post-OPC mask | ayout is_ obta hﬁf g Hat anal
also he@sveé@@ﬁvang SR 4 A OpSeeten CE g ABoH 5 siFay o Sﬁﬁ‘a‘é( at analogous
produced using the mask are neasured u %HE Hg%
to prosessgendelaelbrptioieoaranniyused 1¢ ¢rdibeifkl ESIS aHion gl
818, the expected aerial inmage
[0073] A clear benefit of creating a nominal mask error model for a mask
manufacturing process using test patterns is the flexibility in defining suitable test pattern
structures that can guarantee a complete and dense coverage of any systematic mask error
parameter space. Such test patterns may for example be automatically generated by a
lithography simulation system and then provided to the mask manufacturing process to create

a test mask. A method of creating a nominal mask error model using test patterns is very

similar as that for a product mask, however, with the simplification that no algorithm for
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as neasured by the image sensor array is sinulated
using a nom nal mask error nodel and an optical node
wofhod7leo@iposure tool and the inmage sensor arr 8gTHUS2006/035007
produce a simnulated aerial inmage. Then, in step 820,
identify 1} s%?lﬁ%ﬁ@@bti_@ﬂib adquirsiBiiee ipstteto tpas & [vdatibnstaefixed and
Sinul ated aerial imge. In step 822, a determ nation
predeffled Y@L RRE mhdtQaypask i s acceptable or not is based on
the differences between the neasured aerial inmage and

t 9781 1T 840nRRhARbS heBEEsteds @O /c#Hatihg a hbQinpl B4k @uST model
ehbodi nents, each single instance of a nmask is

for a nitu{éﬁ %&Eﬁgtuﬁﬁ’g SBNRE ab@rdk folilb ¥inBodEneRRE theiivedtion A &ptional
or that specific mask. wever, it may be sufficient

step 9%(& gl'trcéotlgsz pgﬁé‘@ssfo; PreHENEK A GeeritoNby@lithbBaMhyRirh@latidiRgetm. In

aracteristic for a particular mask

step 913 A6 LitfeBls a%lgé%eﬁﬁﬁ ¢hihé OPOBAK ofIBNMIERGH Brdda&k 4 R8I-OBC test

process, | nstea a particular mask. Such nom na

L

1 bl P 5L Rt
e SR Tt SIS PSR FRSH R Sl Rk e
tool acl(‘:cz)rqsuliﬁnt]glttl?egﬁ%%%glié)%qﬁr%}%&aiﬁg?ei %q)ggjcﬁllc%&aﬁg iﬂfpi%?tﬁon@ge by step 918,

_ _ use rate ogr aphy

s A R b O G20 IR Ll g

S Sy B RSB SR S BaL ARt e

po QRS o, SRR SRR pERS1 89Fufl F b sk
P

atterns may for exanple automat.i cal | ener at.e
enor im0 raphy s gt o) SOEyFhlo s SUBUE e
t k f [
FtingeoRATOE BF SR MG RS A RE g G aP S I ng
_test patterns is very simlar as that for a_ prqduct
optinrgs s OHeRAe PE 96 19 P51 g TR GBS ik Ehate b 2a i the
algorithmforidentifying sanpling logcations is. .
post- PR ioFle yaindroster20ed PO aRASk S B [ogRarapd i pighthe
and predefined in the test nask | ayout. .
systematic mask error parameters of the nominal mask errof model characterize the mask

manufacturing process used to manufacture the test mask.

[0075] FIG. 10A is a flowchart of method steps for creating a nominal mask error
model of a mask manufacturing process, according to another embodiment of the invention. In
step 1010, a test mask layout with varying line widths, pitches, and orientations is produced.
In step 1012, a mask technology and a mask shop to be characterized are selected. In one
embodiment, a specific mask manufacturing tool is also selected. In step 1014, a test mask

manufactured according to the test mask layout using the selected mask technology and mask
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[0074] FIG 9 is a flowhart of nethod steps for
creating a nom nal mask error nodel for a mask

waoramrfiaetur i ng process, according to one enbodrPaemiS26/035007

the invention. In optional step 910, the test patterns
shop if QJtalﬁeci 95 biepB616, BhEvigHE (DY) e tHeytesa makk drodireqilyymeasured using
sinmulation system In step 912, the test patterns are
a CD-BENGESS &fsttS1 NS, FPmeanebdabfiR COSElscohpafer adthake design CD
post - OPC test mask |ayout. In optional step 914,

valuesstméﬂ AehLosaihoBSHoalefisa! BY stpnedo,aggandicngask errdrtparameters
est patterns and a sanpling plan is generated. In

are geﬁér?t@d %39 noinhBRisk TR Km RN RGhdNySEmasCalisticRgr data Babal on the
post-OPC test mask layout is obtalned and the test

differ{%és"qqe%eh H%ﬁé‘a"s&‘éd hAsIBCIRSHcd HARRSdkRA CIORIucaC ThE Sinfigal
e sanpling plan, if available, to produce nask

mask i:@c?r%o%tef {&o Elath |8 B8 §Rd BlGaraPRME B beldthakn AR Eifopaihe mask

acte n1t e mask I nspection data and systematic
sk error data are determ ned based on the
P#fer ences between the extracted physi cal mask data

d Eﬂ'g h %Ié)q%%pg ﬁ'o dt %%? steéss St Raddgld o doﬂgna{l Qabit Beor

m nes val ues o temati ¢ mask error

modeg%?gaﬁltéﬁar‘?’ufgc% l1(1i3'g eﬂi‘@é@ssn cogiﬁrcg# gﬁ({ﬁﬁk’i‘ BB meht'o? Betii@ntion. In

rror at ta fitting routine

step lgg(f grtr%sp Iél?éy lgqt;'ozltrt@vtithc a%ﬁ’%limg Widths, ﬁﬁ&l@@h& bSerfistioh fstphﬁﬂced

bare |hmze order to provi de the
s SRR b SRS BB, St

rro

o1 TR A 1 0
L
o W 50 e PR Bt
ot e I SRS TER: S TRk o 30

and orientations is. produyced. In s
extraqiab TSRS AU RO BB SHEPLE 8 Pedaarg. n sep
sel ected. In one enbodi nent

1040, o4 565 MRSKIGRNAING o S SL e Ao CHD e oued ich

test mask
across the exposure field. In step 1042, systematic mask error parameters are gener ated for a

techng

nominal mask error model using the systematic mask error data based on the differences
between the derived test mask CD values and the design CD values. The nominal mask error

model is a model that can be used to characterize the selected mask shop and mask technology.

[0077] The invention has been described above with reference to specific embodiments.

It will, however, be evident that various modifications and changes may be made thereto

without departing from the broader spirit and scope of the invention as set forth in the appended

39



manuf act ured according to the test mask | ayout using
the sel ected mask technol ogy and maskshop is obtai ned.
wonoetae04016, |inewi dths (CDs) on the test nmaBKTAIS2006/035007
directly measured using a CD-SEMtool. In step 1018,
clainish hedasgsirgtesmipkioChinl drawingoapaicesdmbllytotbb @eglqﬁ&jd @arlCD
val ues through pitch across the exposure field. In
illusisdti®p rathe? Chan  y&trénime kehs¢rask error paraneters are
generated for a nom nal mask error nodel using the
systemati c mask error data based on the differences
bet ween t he neasured nmask CD val ues and the design CD
val ues. The nomi nal mask error nodel is a nodel that
can be used to characterize the selected mask shop and
mask technol ogy. [0076] FIG 10B is a flowhart of
nmet hod steps for creating a nom nal nmask error node
of a mask manufacturing process, according to another
enbodi nent of the invention. In step 1030, a test mask
| ayout with varying line widths, pitches, and
orientations is produced. In step 1032, a nask
technol ogy and a nask shop to be characterized are
sel ected. In one enbodi ment, a specific mask
manufacturing tool is also selected. In step 1034, a
test mask manufactured according to the test mask
| ayout using the sel ected mask technol ogy and nask
shop is obtained. Then, in step 1036, an aerial inage
produced by the test mask in an exposure tool is
measured using an i mage sensor array. In step 1038,
test mask Iinew dths (CDs) are extracted fromthe
nmeasured aerial image using an optical nodel of the
exposure tool. In step 1040, the derived test mask CD
val ues are conpared with the design CD val ues through
pitch across the exposure field. In step 1042,
systemati c mask error paraneters are generated for a
nom nal mask error nodel using the systematic nmask
error data based on the differences between the
derived test mask CD val ues and the design CD val ues.
The nomi nal mask error nodel is a nodel that can be
used to characterize the selected mask shop and mask
technol ogy. [0077] The invention has been descri bed
above with reference to specific enbodi nments.
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It will, however, be evident that various
nodi fi cati ons and changes may be nade thereto w t hout
wdeparosong fromthe broader spirit and scope oPCThE82006/035007
invention as set forth in the appendedcl ai ns. The
Whafiotlemaddrig descri ption and drawi ngs are, accordingly,
to be regarded in an illustrative rather than a
restrictive sense.Wat is clained is: 1. An individua
mask error nodel conprising: a nodel of a |ithographic
1.  masKinBRWuatm Sk Siermbdet comShsifl I Or par aneters
determ ned froman inspection of the |ithographic

masKodeP of aliBodrihionh shitdbv iR S¥steaki0 mabP& ) thtfam%{eﬁi d&etmined

wherein the systematic mask error paraneters are

sel ect g@nf dnaMpe&RONDF MeNitkRRAPhRtAdE, of |inew dth bias,

phase bias, corner rounding radii, |ine-edge

roughness, etch depth, and sidewall angle. 3. A nethod

conpri sing: obtaining mask inspection data froma mask
2. MeidhiRGTilhe thatlsd g n%(?ll%flc%ll',tWﬁjé‘éiﬂ'the‘%z&ﬁ{lmc%%g error

di fferences between the mask 1 nspectio ata an t%e

parang@ecrg aleB¥IRYEd H&h e ggﬁ.gbed'oﬂ&gtﬂl of 1ﬁévﬁﬁ?ﬁtbiia%hﬁe@?‘e§bsi€s{ E&her

ata based on the differences between t

roundif}SR ',tlinelédgafoagﬁgg, LebeadRs knd QQYH aﬂ%a? and

generating systematic mask error paraneters for an
i ndi vi dual nmask error nodel based on the systenatic
mask error data. 4. The nethod of claim 3, further

c hshng. sinulating a |ithography process using the
7 Rt En gt

error nodel having the systematic mask
ARG RRTLSETh AR TERE R i BBy Gl PR e
i .ndo f & | ith h .5 Th t f
B e SRR B S i A B
tp rﬁglg:e?%usngus}sfétgrgatltorﬁleasi( Qr(ljrcl)rvdaga%aalseﬁsthe &i%él%lrlces gt(\?vleerp t \e”mrelt

inspection data and the mask layout data; and

generating systematic mask error parameters for an individual mask error model based

on the systematic mask error data.

4. The method of claim 3, further comprising:
simulating a lithography process using the individual mask error model having the
systematic mask error parameters to produce simulated results; and
analyzing the simulated results to evaluate a process window of the lithography

process.

5. The method of claim 3, further comprising:
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systemati c mask error paraneters to produce sinul ated
results; and analyzing the sinulated results to verify
woOheo7vaet4 6. The nethod of claim 3, further PCT/US2006/035007
conprising: simulating a |ithography process using the
| rdthwladhged lithegkphSTpiaess Bk the iadividgal gk Siteit iReRl hayifgabk
error paraneters to produce sinulated results; and
conpar ispgerhdi ridskgtrad fRehnteSdtotpBodute AmiRSIIGEulidaet . 7.
The nmethod of claim3, further conprising: sinmulating
a dnbliyhiag tRBONuIEE CRGIE b Sy tHehmaskndi vi dual  mask error
nodel having the systematic mask error paraneters to
produce sinmulated results; sinulating the |ithography
process using a nom nal mask error nodel to produce

nU]!'Hefih@éthoiildﬂélaﬂh@dful’tﬁ&%bﬁlﬁrlsﬁ%’d conparing the simulated
results and the nomnal sinulated results to verify

t hen Bl a 1§hog-|fﬁlﬁ1ylﬁ6c@§§(ilsfﬁ ttfcl iRdiPAdBa] nfddk ERG model having the
conprising: sinufating a l'ithography process usingthe

i ndi vi @y@émm%s@eﬁ&rpam?érstwddaee §1H;ﬁla§e)ﬂ§$s‘ﬁﬂ?tah& mask

error paraneters to pro uce sinmul ated resul

S'c@ﬁﬁa%ﬂé‘tﬁehﬁﬁﬂa&éd&@ﬁ%ﬁﬁ% heggss using a pOSt oPC

mask | ayout to produce |dea sifrul ated results; and
conparing the sinulated results and the idea
simulated results to verify the nmask.9. The net hod of

Clﬂe%eﬁmd‘mgfaﬁhﬁ £ RBerSYSES Sr;@gtl c mask error paraneters

are selecte romthe group conS|st|ng of |inew dth

e
r o u tggrgaslﬁh%)% %ﬁlaf é:) ci%%&%rsmg ‘a{éq 1%@ 2{1 sk Frr(!)r r&%leﬁ%%leng the
nethod [ sk in ction data is
obt ai n e}_g&%n%u _I{QSQF ﬁr%%glf %IISI it 3”0 art Sérpﬁﬁprétr?slucss of the
rmsisirlfulgt'?nlgqge ﬁth(r)rger%;r)h%/l p?gc)ésst u%%g asn%m%g:a‘i I%%SII ér?orrnrr}oggl g proldﬁ)ce
nominal simulated results; and

comparing the simulated results and the nominal simulated results to verify the mask.

The method of claim 3, further comprising;:

simulating a lithography process using the individual mask error model having the
systematic mask error parameters to produce simulated results;

simulating the lithography process using a post-OPC mask layout to produce ideal
simulated results; and

comparing the simulated results and the ideal simulated results to verify the mask.
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consisting of a CO-SEMtool, an inmaging SEMtool, an
AFM tool, an OCD tool, an optical mcroscope, a
wohew@3etifting i nterferoneter, and an el |l i psSORETAIS2006/035007
11. The method of claim 3, wherein the mask inspection
9. déarte neshoolif alaine8l, wherelethe sysioniatig nask drdr PaadittersGse 2fec@ from
aerial imge produced by an exposure tool and the mask
the gtfipeonsisting DRIGRWSED BRE, phbdectiasiiosid S@Eding rddielix QRS Wuhness,
tool. 12. The nethod of claim3, wherein the mask
etch dépiipead sidswallahglei s obt ai ned by determ ning pattern
metrics of the mask using an inspection tool selected
fromthe group consisting of an optical mask
i nspection tool, an electron beam mask inspection

10. t Ofe meMd oXBIa@ B] Wherbil RGN AR ARZPEBOR Bita BYGHEIBI bl Jiredie
nmet hod of claim 3, wherein the nmask [ ayout data is

measSHACHHitbrndRSHE bR Iﬁask]tﬂiné-glﬂfetrﬁfo%ﬂ 1 RliectdddM the group

wherein the mask | ayout data is test pattern data. 15.

constiBEIrAQD -SBRPGHHIS b Qnégix%@E@jI fUioﬂ On AERKtobBYR Wr(]lljjt%t)g &l’l optical

creating a mask inspection plan based on the ma
micrdsBNRUS pifhad-ghifiine RREHLBletdr, IREY él'@%%@t@iu_r ed using the

mask |'ayout dara according to the mask inspection plan
to produce mask inspection data; extracting physica
mask data fromthe mask inspection data; determ ning
d'"lg‘lfe Rla%F cﬁF‘ﬁ g\‘,e\%lar%iﬁ 916_ f(ﬁl%ée%ﬂoﬁ)wé 18%%&2&1{@%. dgt%l.[n% ing
and the mask |ayout data; determning systematrc TES K

pattel%rrﬁé?lrics%égffi‘ %&%’f’ﬁ ﬁgaég %ﬁcgadggedﬂjgfaﬁl%gﬁogﬁr%‘%og %}lds\ﬁl% rllnatsﬁ S%il’l & i{an’age

extracte ysi c ta the ma [ayou

' SYiSt i.C sk error paranmeters by fitting
wn“?Eggéggkgﬁgﬁﬁ%”%ggiﬁ%??%r data to input variables of a
mask error nodel; and

11.

12. The method of claim 3, wherein the mask inspection data is obtained by determining
pattern metrics of the mask using an inspection tool selected from the group consisting of an
optical mask inspection tool, an electron beam mask inspection tool, and an aerial image

measurement system.

13. The method of claim 3, wherein the mask layout data is circuit design data.

14. The method of claim 3, wherein the mask layout data is test pattern data.

15. A method comprising:

obtaining mask layout data;

creating a mask inspection plan based on the mask layout data;
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appl ying the systematic mask error paraneters to the

mask error nodel to create an individual mask error
waonaelo307wé. The net hod of claim15, wherein creariusgo6/035007

t he mask inspection plan includes selecting sanpling

| daspectinga mask naeufb@siled usipg the nttak lybiltathtaaosoedingito the mask

paraneter space. 17. The nethod of claim 16, wherein

t he pan@p&iien phpacgodure mmde mspatian®iigr s sel ected from

the group consisting of pattern density, pattern

Orex@AdtAk ipBykicaP@hdkelaty fRnk @8 masRidspctioBiAg, pattern

polarity, corners having different orientation and

P Aettitinhg dffidelcesTerRasShOttiRc@phyiste] HRREMAANd #8 mabR Giyout

met hod of claim 15, further conprising: sinulating a

|'i thoga@hy process using the nodel of the |ithography

process and the individual nmask error nodel to produce

Si gty s8Rt olrdask @RGr BRAbNZ] Ghd MigreheBd balieOthe extracted
results to evaluate a process w ndow of the

| i t hograpi MERBESIG the nTAAR 147BLNAG; OF clai m 15,

further conprising: sinulating a |ithography process

U%eﬂ&aﬁr@%yﬁ&gﬁlc sk bh6r n%faéeﬁt@gg thﬁgg El%%gﬁ%%ﬁqnésﬂ%ﬂor data

i ndi vi dual nask error to pro ation

resul t%dinﬁxﬁi%ﬁeﬂﬁésyﬁh%&ﬁﬁ Qﬁ"ﬁ%ﬁjl%?& on results to

verify the mask. 20. The ne claim 15, further

%ggpingiftﬁbt@m 1}115% Al oPpdrhh 399 E@tﬁl@ém@%&&?%g)ld\%ﬁé ggla{efaﬁ

I thography process an e

mask eﬁrfd?JidLLéngg%k&ﬁ%r Ogglyce simulation results; and

conparing t mulation results to a design target. 2
1. The nethod of claim 15, wherein the systenmatic mask
error paraneters are selected fromthe group

c I St f.11 1. dt h bias hase bi or.ner .
16. ; g[%% éllae&]%o'&%g gllallm hﬁi%v\r’]l\{lgl:elen dcérgatmg thd hss fnspection pﬁm iitRdes selecting

sampling locations in the mask layout data that cover a parameter space.

17.  The method of claim 16, wherein the parameter space includes parameters selected
from the group consisting of pattern density, pattern orientation, pattern pitch, pattern size,
pattern polarity, corners having different orientation and polarity, and line-ends with varying

spacing.

18.  The method of claim 15, further comprising:
simulating a lithography process using the model of the lithography process and the
individual mask error model to produce simulation results; and
analyzing the simulation results to evaluate a process window of the lithography

process.
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19.

20.

21.

roughness, etch depth, and sidewall angle. 22. The
nmet hod of claim 15, wherein the input variables of the

waorsk/eewer nodel are pattern environment and partusewe6/035007

| ocation on the mask. 23. The nethod of claim 15,
further conprising: creating a plurality of individua
mask error nodels for a plurality of masks nmade by a
meRte niahad Eetaitn il fgfuplied casprisigy: mul ati ng a |it hography
process using the plurality of individual nmask error

mosgehiatingon PHhegshe plocpsswisik itheymedel 6f the!lidbadpHyaRtdetSand the
and anal yzing the plurality of sinulated results to

char actigfividel ifask &R kno@any haahey iR RsOeads; 4. The
met hod of claim 15, further conprising: creating a

Plagkigking YheQfmilibntbfiuado WESKhEMAY, nodel s for a
plurality of masks made by a mask manufacturing
process; sinulating a |ithography process using the
plurality of individual mask error nodels to produce a

plmaﬁétﬁda&fclaﬁhﬁylf@ttmic&ﬁﬁwgs and anal yzing the
plurality of simulated results to identify process

C Qirh @&t L ihdRhphly Iib?oc%%gmgﬁ{é%&ﬁ il th@gtho?%ﬁ‘fgﬁaﬁocegéa 8’%16

system conprising: a mask inspection to i gure

t 0 progisRIRaHsH aﬁo?%ha%pl%aa& SI,ﬂulQ@&QEsuﬂ@%%ﬁ mask

data anal ysis system coupled to t i N'specti on

{ QBhnpardiensBHRlbRRStTRS el dhpgnal ysi s system
confladggg to é%tracts ys?ggwgﬁggk data fromthe mask
i nspection data, to detern1ne systemati c mask error
data based on differences between the extracted

P %% irr%ﬂlod'@%ﬁing %,%vh%ﬂ:% ﬂ@?}%tel 0 yﬂtask error parameters are selected

from the group consisting of linewidth bias, phase bias, corner rounding radii, line-edge

roughness, etch depth, and sidewall angle.

22,

The method of claim 15, wherein the input variables of the mask error model are pattern

environment and pattern location on the mask.

23.

The method of claim 15, further comprising:

creating a plurality of individual mask error models for a plurality of masks made by a
mask manufacturing process;

simulating a lithography process using the plurality of individual mask error models to
produce a plurality of simulated results; and

analyzing the plurality of simulated results to characterize the mask manufacturing

process.
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data, and configured to generate systematic mask error
paraneters for an individual mask error nodel based on
woheo7apgetemat i ¢ nask error data. 26. The syst eRCDMUS2006/035007

claim 25, wherein the systematic mask error paraneters
24. arkhessdtlent @@ldimdn) fuktkergom@piisigonsi sting of |inew dth

bi as, phase bias, corner rounding radii, |ine-edge

I cigHiing 8 pluratitg bf ideipidial nail esdrdeou!s foeplulity2of matknade by a

system of claim 25, wherein the mask inspection too

I's sel egkedahifatrutifepreéegdip consi sting of a CD- SEM

tool, an imaging SEM tool, an AFMtool, an OCD t ool

ansiDibiingad [itAbG A GRRRss u’iinF !ﬁﬁﬁﬁur&lﬁt&fof indB/idual mask error models to

interferoneter, and an elli psoneter.28. The system of

cl ai m rdu¥depiditt dTRinBakd lefigiemdi on tool is an inmage

sensor array disposed in an exposure tool. 29. The

SYanh§Hh e fhnghﬁfhl'i?y 35simARN 81t B8dMBEKprbAIPES ek @hs FRFhe mask

is selected fromthe group consisting of an optica

mask i AsREmEAR; h@edss. an el ectron beam mask inspection

tool, and an aerial imge neasurenent system 30. A

nmet hod conprising: obtaining nmask | ayout dat a;

sel ecting a mask nodel having nmask nodel paraneters;

25. Ob QR nifRRIngl NSpection data from a mask
manuf actured using the mask | ayout data; extracting

p@ﬁésﬁ%sp%%%g it@k&ﬁf?ﬁ&%%@?dd@%slﬁ gﬁ%ﬁ%ﬁ gf,.dat a;

determn erences ween tl yS|caF mask dat a
e AR Bk AP TAATRC AL R b
o 1y e bR AR D TRR s Bl b PR ualimask
:ng K S >e/ rﬁ%tg ?r%%l;t?% %iaskg irngpre[:t%n a%%t, f% Je%rrg{n% dsys%e?mﬁ%%a%@rtrcl)rcdata
based on differences between the extracted physical mask data and mask layout

data, and configured to generate systematic mask error parameters for an

individual mask error model based on the systematic mask error data.

26.  The system of claim 25, wherein the systematic mask error parameters are selected
from the group consisting of linewidth bias, phase bias, corner rounding radii, line-edge

roughness, etch depth, and sidewall angle.
27.  The system of claim 25, wherein the mask inspection tool is selected from the group

consisting of a CD-SEM tool, an imaging SEM tool, an AFM tool, an OCD tool, an optical

microscope, a phase-shifting interferometer, and an ellipsometer.
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31. The nethod of claim 30, wherein the systematic
mask error paraneters are selected fromthe group
woansiseiong of |inewi dth bias, phase bias, corRET/US2006/035007

rounding radii, |ine-edge roughness, etch depth, and

28. si Tewwgbtbmanglain 23 vhethetheviablogspettichl 1861My ADimaab esrRbihrray
the mask inspection data is obtained by directly

dispssed EibnieRgospiitbedr n metrics of the mask using a
nmetrol ogy tool selected fromthe groupconsisting of a
CD-SEM tool, an imaging SEMtool, an AFMtool, an OCD
tool, an optical mcroscope, a phase-shifting

29. | ntlfysfyﬁélﬁ e t18in 25 Rchein Bk hiaRSRRERIN tos13s seldd@dTRInD &€ ¢Rfup
claim 30, wherein the nask i nspection data is obtained

consBMngj@Eaﬁroml&'l REsIPREIeBlidh 1B &d d&ueh b@dﬂn R84K iBbpebiBABoL, and an
produced by an exposure tool and the mask using an

awmnﬁ§%@n§§&§%&mgﬁgéﬁldlsposed in the exposure tool. 34.
The 'met hod of ¢l aim 30, wherein the mask inspection

data is obtained by determining pattern netrics of the
nask usi ng an inspection tool selected fromthe group

30. ﬁ%kﬁkthmgﬂmﬁ£SOptical mask i nspection tool, an

el ectron k inspection tool, and an aeria

|maggnﬂggﬁg{%gﬁﬁhm§ysten1 35. The method of cl ai m 30,

wher el i N"spection data is obtained in

acs%ﬁ:r ﬁaéﬁ"ntl ?ﬁgﬂn%sﬁ%%&l cdaf’a%ePérén 36. A method

conprl optl nodél for an exposure

t o@otalnlﬁg ln[%gkt Ho%ct(f‘on ﬁ] om 8%51? I Fnu@c@uer ;flsi(:i:neg e 1311 gl? f?l%out data;

e Xposur opera
er Rorithsdd g na aﬁ% ! S‘f'o bt dloL iy 'S:.V'm‘ﬂfii e&mSk
{ o sncea@%w%% gtcafmf%'?ﬁtg%ﬁg ARk apor da
nageiﬁerg 1r§gosr}/stg8(ajt(1sc mask eiror Qé%g Based {}]fej dlsf%egclﬁlcgst b%gween he pthyélcal
mask data and the mask layout data; and
modifying values of the mask model parameters based on the systematic mask error

data to produce systematic mask error parameters.
31. The method of claim 30, wherein the systematic mask error parameters are selected
from the group consisting of linewidth bias, phase bias, corner rounding radii, line-edge

roughness, etch depth, and sidewall angle.

32.  The method of claim 30, wherein the mask inspection data is obtained by directly

measuring pattern metrics of the mask using a metrology tool selected from the group
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performng a conparison of the first sinulated results
to a design target; perform ng a conparison of the
woeecrrdo®imul ated results to the design target PCT/US2006/035007
andconparing the performnces of the exposure tool and
conswﬁﬁ?omfﬂ@l\ﬁb@l? S8l i i B END &, thn VFM b1, @0 1D toehas optBial
he net hod of claim 36, wherein the i ndi vi dual mask
1’1’1101‘05%6%@5 pAREahifiRGhdaEmENS bedEt ¢éllipssRsicr.er r or paraneters
detérm ned from an i nspection of the mask. 38. The
met hod of claim 36, further conprising selecting one
of the exposure tool or the second exposure tool to

33. g‘?‘ﬁ)@xﬁ%gd gf QAMGh, WR&h ShetfdsRSnshBRion B is cbinelilg derihidthg

claim mhereln the indi vidual mask error node

patterril i%eﬁfcg %eﬁldaeem(l im% c&gb}nﬁ? bﬁﬁ@%@t dr@ihiahsk ufsihQ ah ihage

t he was nmanu actured usi ng mask

pg differences between the mask
Smmorm7 &h%jm?algﬁg%t(% mask | ayout data; generating

systenatlc mask error data based on the differences
bet ween the nmask inspection data and the mask | ayout

st SO R AR RT3 Gt gt

ased on the

patterg és éﬁc{sm ﬁgle mas léser?gr ! onrlsgg? ?too‘i geleﬁbm&ﬂ% F AP S bt of an

hography process, the no

ncl.udi n pt i re it
optical g)gﬂg]lns;ﬁ:g togl ne ef‘ctrﬁgggagxl; Jlrn% | 131%1389@0[3& T%ld ea?%%?zﬁnlq dgl
for a mask nanufactured usi ng mask | ayout data;

measweMefit SYS' Y the 1t hography process using the nodel of
the |ithography process and the individual mask error
nodel to produce simnmul ated patterns deternining

35. Sla“];l]; g{;tell%gl%ggbet :ﬁﬁ&/ﬂe}e{}leﬂ’les ma 1%§p%9t10[r)1adta a 1S Qlic’ralﬁgdjm%ccordance

with a mask inspection plan.

36. A method comprising:

selecting an optical model for an exposure tool;

selecting a second optical model for a second exposure tool;

simulating operation of the exposure tool using the optical model and an individual
mask error model of a mask to produce first simulated results;

simulating operation of the second exposure tool using the second optical model and
the individual mask error model to produce second simulated results;

performing a comparison of the first simulated results to a design target;

performing a comparison of the second simulated results to the design target; and
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nodi fying settings of the exposure tool based on the
di fferences between the sinulated patterns and the
wdesigaoar get. 41. The met hod of claim40, wheceius2akhe35007
i ndi vi dual nmask error nodel includes systematic nmask
ercomparieg thaperdormankes ef the evgpdsifre wol anl thesfoent dxposuds tobltRised
mask. 42. The nethod of claim40, wherein the settings
of t he oetlposurparitonel are sel ected fromthe groups
consi sting of focus, exposure dose, nunerica
aperture, sigma, coherence, |lens aberrations, and
illTumnation shifts. 43. The nethod of cl ai m 40,
37. WiEgie@hdthddnef cthiith 36 valieess the @ldiveanl mask &tirwloatiasclnes tRkdstic
and the design target are selected fromthe group
mask@oias pahh grsQktethintd B@h aflindPRELOHE thé A& end pul | back,
and corner rounding. 44. The nethod of clai m 40,
wherein creating an individual mask error node
conpri ses: obtaining mask i nspection data fromthe

38. MEISH meHRIdRITRlalth N6, fohitHel SRR GRS sBREMBINe LPfie BBNSure tool or the

i nspection data and the nask | ayout” data; generating

secor@Sh &AL tb6l thBZHosBE hRIud NaferPRBRANOMabie di fferences
bet ween the mask i nspection data and the mask | ayout

data; and generating systematic mask error paraneters
for the individual mask error nodel based on the

39. SYi%k GERddGrORK 3&%%@%% thdiviRral rﬁa#}'fér}?)? glodTl is created by:

conprising:selecting a plurality of optica

a oBlatHiR thhsk iﬁ%e&f&ﬁ g%ﬁ' fr@mtﬂ%%:?sk, WREOmE B‘fa%lf@%s&ﬁ%%ﬁa%ﬁre&usin g

representing an I ndivi dua exposure tool;

t he plﬁﬁgﬁhy&ng&aoptical nodel s, simulating a
| i thography” process using the optical nodel and an

| RdieMhd ! g for_ a. k t roduce )
si mﬁ alt I rlfgés}g tesil?e&@%ea%eq%z!lsk 11%pec%101q%§ta ah @t RS i:ayout data;
generating systematic mask error data based on the differences between the mask
inspection data and the mask layout data; and

generating systematic mask error parameters for the individual mask error model based

on the systematic mask error data.

40. A method comprising:
selecting a model of a lithography process, the model including an optical model of an
exposure tool and a resist model;
creating an individual mask error model for a mask manufactured using mask layout
data;

simulating the lithography process using the model of the lithography process and the

individual mask error model to produce simulated patterns;
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eval uating the sinulated results for each of the

plurality of optical nodels to determ ne which of the
wohkoraBoty of exposure tools perfornms best w t RCTHS2006/035007

mask. 46. The nethod of claim45, wherein the

i ndtiterinthire diffaskcee bétoremihe simuland patass sast digh it gdtRmt

error paraneters determ ned from an inspection of the

maakdifydng: settings sfehd\@ghosire 1©bljaseddn, thaMiffeehdes G¥Rlctidth Kighulated
the sinulated results for each of the plurality of

opt i calpati@alednd thd\@dsigd@sgggonpari ng the sinul ated
results with a design target. 48. The nethod of claim

45, further conprising: selecting the best-nmatch
exposure tool and the mask for wafer production. 49.

41. Thenemdtisachiefaik 4o whetdin thefQli Al hask drRF indddtiablud®$stematic
error model is created by: obtai ning mask inspection

maskdéillto@pzirﬁlﬁgtbltsr&l@teﬂﬁﬁgd fr¥@h @ns%)é?:ﬁo e W@s manufact ured
usi ng mask | ayout data; determ ning differences

bet ween the mask i nspection data and the mask | ayout
data; generating systematic nmask error data based on

42. thﬂle%étﬁo%r&egﬁﬁ 46 SRS L 5&1 oKk eg%g&le kS alAbBet@ om the

he mask layout data; and ge eratln ystemati c nas

grou croﬂ%stagwgegw Jsfile dbenit oy aﬁi&%re@g;fha ChEPincEads!

ase sys emat| c nas or di

aberrations, and illumination shifts.

43.  The method of claim 40, wherein the differences between the simulated patterns and
the design target are selected from the group consisting of critical dimension, line-end

pullback, and corner rounding.

44.  The method of claim 40, wherein creating an individual mask error model comprises:
obtaining mask inspection data from the mask;
determining differences between the mask inspection data and the mask layout data;
generating systematic mask error data based on the differences between the mask
inspection data and the mask layout data; and
generating systematic mask error parameters for the individual mask error model based

on the systematic mask error data.

45. A method comprising:
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selecting a plurality of optical models for a plurality of exposure tools, each optical
model representing an individual exposure tool;
for each of the plurality of optical models, simulating a lithography process using the
optical model and an individual mask error model for a mask to produce
simulated results; and
evaluating the simulated results for each of the plurality of optical models to determine

which of the plurality of exposure tools performs best with the mask.

46.  The method of claim 45, wherein the individual mask error model includes systematic

mask error parameters determined from an inspection of the mask.

47.  The method of claim 45, wherein evaluating the simulated results for each of the

plurality of optical models includes comparing the simulated results with a design target.

48.  The method of claim 45, further comprising:

selecting the best-match exposure tool and the mask for wafer production.

49.  The method of claim 45, wherein the individual mask error model is created by:
obtaining mask inspection data from the mask, where the mask was manufactured using
mask layout data;
determining differences between the mask inspection data and the mask layout data;
generating systematic mask error data based on the differences between the mask
inspection data and the mask layout data; and
generating systematic mask error parameters for the individual mask error model based

on the systematic mask error data.
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