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SYSTEM AND METHOD FOR DESIGNING SEMICONDUCTOR
PHOTOMASKS TECHNICAL FIELD The present invention relates generally
to photolithography and more particularly to designing photomasks. 5
BACKGROUND ART Integrated circuits are now used in almost every type of
electronic product ranging from toys to massive computers. These integrated
SYSTENMAND YEERDY MOdeDESAGNING! SHOIIQUNDRICTER  PHOTOMASKS
involves manufacturing a template containing patterns of the electrical circuit
as transparent and opaque areas. The patterned template is referred to as
10 a "reticle” or "mast". A radiation source, such as a light, is used to copy or
"pattern™ multiple images of tHEEGHRSK antd&EpPotosensitive material, such
as a photoresist, on the surface of a silicon wafer. Once features are
pattefedPertiapleatore sitttcfugeneralo e BBl i qearrbsmad tolsrariaiials to
dStHEHIBRRhk& silicon wafer. The completed wafer is then cut (or "diced"”) to
form 15 the individual integrated circuits. In conventional industry practice,
the masks are fabricated starting from an initial mask blank, which is
transparent to the imaging lighh dyeigallynthe ggsk blank consists of fused
silica or quartz. The mask blank is coated by an opaque film, typically a

chromiw@rahasgetmataidalowhgQpaduembiineie 8139perocersadiSInG @ROAREIng

mask and a phatoresist to 20 create openings in the opaque film to expose
"3 BEhee TGRS SALEHTSug RS GIEHGR ARd hetoh cRE Al Spdhehc Y
pllalithobinfbrtupately, sthiah distdriomscafcecug durnglpattemingnd pesens of

R BRLAISIOHONS . MG EHRGT B 88&5%1’%' ifl%?s(@ﬁ@ﬁ%t@ﬁ%%@%ﬂ&?&?%&é&% as

mask design, optical diffraction, and resist process effects. Optical proximity
acHekich ("BPC") corrects these small 25 distortions. OPC is a mask design

enhancip@gacasiiee, thiah GoH &cts, SNaldistarppos thateacCrulGplaRgages of the
n@ tterninag. These small distortions are cqused %)%ogti&gal in erfer?nc .
& 8 I¥fPAC

BEnT BReaH B HEbCHEs B BEHRST ns,ugﬁﬁe r%s?s?%?SEé”"s%fer'
Osffe dtswBgs app | pirigermad dificditoplsotoreo sh pembatepior ¢hendigso proiosmegp tioaform
VB{Q&W&%@G&P% Qﬁ?&ﬂ(\\?zﬁ“@'g’hﬂe Jcompleted wafer is then cut (or “diced”) to form
the individual integrated circuits.

In conventional industry practice, the masks are fabricated starting from an initial
mask blank, which is transparent to the imaging light. Typically, the mask blank consists of
fused silica or quartz. The mask blank is coated by an opaque film, typically a chromium
based material. The opaque film is also processed using another mask and a photoresist to
create openings in the opaque film to expose and permit light to pass through the openings
and through the transparent quartz.

Unfortunately, small distortions can occur during patterning. These small distortions
are caused by optical interference between elements of the mask design, optical diffraction,
and resist process effects. Optical proximity correction (“OPC”) corrects these small
distortions.

OPC is a mask design enhancing procedure that corrects small distortions that occur
during patterning. These small distortions are caused by optical interference between
elements of the mask design, optical diffraction, and resist process effects. By applying

modifications to compensate for the distortions, optical proximity correction produces slight
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shape changes in the semiconductor design. For example, if interference will
cause a patterned line to be too short or too narrow, OPC will modify the
designed line to be slightly longer or wider. Engineers typically use computer
aided design ("CAD") to create a schematic design 5 of the mask. In order to
shsiesd idharas S imdbethenmreskugiitrc Assign on Epplastoralsist! dotefrieaee will cause a
pAHIRNARS O P RYQLBH  RAIRIRNG &EC Wi OMOAg e QRERIOGESR B slightly
computer simulation involves lengthy computations and, especially with
lonsR s mask designs, takes a long time to complete. After the
simulBiigindsCoipipigte nsapphopriatei dhhagem are AMadadeihe: mashkegasigdssign
d anothey lengthy simulation is run. This 10 process is repeated until a
Al b R A e e i e S S
sightapensofehofestent hetelimgaertherfidalingakk @BSigrecetowever, sharpening
of th%“q%ﬂfﬁd@;l"*%i%l@(fé%EE%WE@WQHQI%T tQ%ﬂ?ﬂﬁ{%JﬁSl%S'QHd, IfdhRcially with
fragmenting is incorrect, the final mask design will be under-corrected or
CORBHUEHERNUITHENS GECa% e BscosurBbEmAdth YAl a e RERIcte:
apfagprientingmppliechaddd the malsddasigmddnioity haialy theuGAD is run. This
pg)%%csedsu reeseare Ign gtgyeerr?u o 9 91?1‘&(8 é(e)s?%m elneetr%tﬁlsn thc%sirrggd%mmesist image.
marke pfage, where advancements occur dail , SUC daelays cah cause
Odigralioahuiprss thé deaiketstidare tarberandnueskJetigions to these problems
have heen long soeght it RriaE davRlgamani pave Rale Zh a4t Mask design.

suggested any solutions and, thus, solutions to these problems have long
Te el eE AHEREMSK e S ATTFR alte DISE rRSULEE D FYH B NEER 9B gcher over-
cqesent iIMeRtivouprovidera@ meikieict besigninignsamicondugiténting applied to

t}%hrgtts)km(flgﬁ% A trial semiconductor photomask design having discontinuity

points |seplgb\'/ided, and each of 25 the discontinuity points is treated as
simuldtédrtiglatetpuives ASI muletdd digieflorateachayitihe divyutatexdtipg¢ie. In the

nRREFFGRIRIPEISCHnERA & LAMRERLS LNRQS INtERFIRl NG faguse d SIMEAIg6:s

light is calculated to verify the trial semiconductor photomask design. The trial
OLBIHIS ABRIE IR YTBMask design is sharpened. A photomask design

specificationsiso gereratetefor hse inctabidaatiogesuohtappbotemagindlds have not
tal%:ellartain embodi&nents qf he invg’nH'jon hay .oth% %gvanta%ias in addi}ion 994

t
Ta%resuggeste any solutions an us, solutions €S5S¢ prooiems have ong €

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method for designing semiconductor photomasks. A
trial semiconductor photomask design having discontinuity points is provided, and each of
the discontinuity points is treated as simulated light sources. Simulated light from each of the
simulated light sources is focused, and a composite image intensity of the focused simulated
light is calculated to verify the trial semiconductor photomask design. The trial
semiconductor photomask design is sharpened. A photomask design specification is
generated for use in fabricating such a photomask.

Certain embodiments of the invention have other advantages in addition to or in place

of those mentioned above. The advantages will become apparent to those skilled in the art
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of those mentioned above. The advantages will become apparent to those

skilled in the art 2 from a reading of the following detailed description when

taken with reference to the accompanying drawings. BRIEF DESCRIPTION

OF THE DRAWINGS FIG. 1 (PRIOR ART) is a simplified schematic of a
fronotoldadgashichey Sl iBg-ietade(P RIORPART Yiem sikeplifietd figlatatice to the
2SYMBASheimNaLien of near field photoresist patterning, where the patterns

of interest can generally be described in one dimension; FIG. 3 is a

simplified figurative computer simulation of non-near field photoresist

patterning, where the patisiReRipHeIRSH cagae@igescribed in one

dimension, in 10 accordance with an embodiment of the present invention;
FIG. #f5is| arREPRISR TERESAPRIENGhdranrRVET s pIRIRGI6 dripRianseprofiles
correspondi trench.in a mask; FIG. 4B is a graphical representation of
el e 1RO A Ghrioa BROHIEL asor ARG o 3 DURLR e Hlsged
B dréGstSpstarsingplifiectdighr gtare simoflanomest 20 nenendbyr fieldgstrobedesisbne
d%@m{pg, in accordance with an alternate embodiment of the present
invention; FIG. 6 (PRIOR ART) is a conventional illustration of existing optical
proxififty tdtraciioRliiedndasryy; formpureissinsiininiicd NRISHENJIFlF Dhetesesist
pRREEADROKHRIH EPHIRGHO DS I RECATERNEE ZAIWIER aB&mMBOaMBBt @fthiRion, in
resent in\l(?{ntion; ql . 81is 3 lock diaq[ram of a system for designing
ASOMESRUEISP SROGITARS SAEBIGHY 1 & 8@Mbodiment of the present
invenkigh; 4AdiF|&. Gaphicfloveplesetofienmethoufarstesigning seadienred podbites

Hhatamasksdn ascRrdangs with an embodiment of the present invention. 25
BEST MODE FOR CARRYING OUT THE INVENTION In the following

desciiftiort Bhimereisipa cierersiiid O hilars 1S provitkadith dradighce profiles
coeprHand g akte inventign. However, it will be apparent that the invention

m racti ' h ifi is. In r ' rn
th:yp?jgepn fg{fﬁ%’#&? 1§clt ggl?reﬁ%%c'sll%lgg[t?(l)ns of 3'1’9%(;[1?—1%\21?'(}\13 ds%%olto esist

patterning, in accordance with an alternate embodiment of the present invention;

FIG. 6 (PRIOR ART) is a conventional illustration of existing optical proximity
correction methodology;

FIG. 7 is a simplified illustration of vertex optical proximity correction, in accordance
with an embodiment of the present invention;

FIG. 8 is a block diagram of a system for designing semiconductor photomasks
according to an embodiment of the present invention; and

FIG. 9 is a flow chart of a method for designing semiconductor photomasks in

accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in

detail. Likewise, the drawings are semi-diagrammatic and not to scale and, particularly,
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some well-known circuits, system configurations, and process steps are not
disclosed in 30 detail. Likewise, the drawings are semi-diagrammatic and not
to scale and, particularly, 3 some of the dimensions are for the clarity of
presentation and are shown exaggerated in the FIGs. The term "horizontal"
seBeuedheram e dfitcdrabachiaeop araksltas aharsbreehivmat xpraprated in the
rRg¢face of the semiconductor wafer or die, regardless of its orientation. The
term 5 "vertical" refers to a direction perpendicular to the horizontal as just,
defind8S 1&Mnd1o8EeREs bl st d5Ersi s hatismParalp-lo-diasopienfipnal
plsidewallhchighiaesétoaeiductorppeles ke, randdiessder fisasgetefinad Witk term
“\r/gélﬁ:%f;‘t rte et}g ohao. lergc tgrll Lq}g]g?d};bl ﬁ}%{)%eq{(%?z%sn%l?gs.%%t%se%glelaer%é?ms, such as
Includes deposition of material or photoresist, patterning, exposure,
“eEvelaprent, beking, Britaming, tamd/or sideolasl of tredaveidrlal bigha”, “lower”,
“phRteresist-asfgauiesinformingiadaseRec St odthepRERSENt System
is described with respect to wavelengths in the ultra-violet range. However, it

will bE e AR ERSASBS ath Bt th AR MRIAYARS APPIEBefom s Wat/eaRggsist
paferaidntiopoand, tieveiogificationtife; albativgvealéogtisnotiibefolbviahgddal or

Hg) Se IOS{ gsrgénlqé)é skiy(__)irr]:ll[l }Qe aéztesb%%%gs n ggleedescription of the present
Pivention pro%/l ecclllﬁereln. §ERe erring now 16 FIG. 1 (PRIOR ART), therein

is shda preseniplificdnsshdassatie o ivith perorslittvograghie by Stete 1002-Nolaerange.
H3bRIRlithogiaric.ayFiem Q. sadiation isdiracied Jpm A radialionaolEsgh of

102 through a photomask 104 and a lens 106 onto a semiconductor wafer

raglijionn aRfhiths WA rgAmE PR PRSFaNRY DEnstRy ML B RRURE AR &o Hptatyry

sidll phakonadistdayariiel d-faip haeor depasited ancthieispraicasithietor. wafer 108.
20T hotomask 104.incl light-transparent substrate 114, ofa .
ol R L B LRIE R I R AP (et Shingic of o

phelithdiztidncsasten 109.cdn Be ahightithergpbdutetiighfd. 18 Gitzosing irected

Ve laaaHn WHLR fie B{}E}ﬁgmédﬂs&%a%@%%%'& QWS HBromah 8miconductor
patterned light 120 to be focused by the lens 106. Focused patterned light

wibes 108 SHuRBEInEIthAEK Paedrh BIIAE Y ftdpistriFhskesits cBBthgoTIeEe- A
phelaeted lareasiofiephndepesistilay eielstthi Alienicxposire,ohe patterned

S AR IRl PSR
fused silica or quartz, with a patterned mask coating 116.

The radiation source 102 can be a light that produces light 118 of a single wavelength,
which the photomask 104 selectively allows through as patterned light 120 to be focused by
the lens 106. Focused patterned light 122 reproduces the mask pattern of the patterned mask
coating 116 on selected areas of the photoresist layer 110.

After exposure, the patterned photoresist layer 110 is used as a mask in a
photolithographic process to form features or to implant regions on the semiconductor wafer
108 or on various layers of material previously deposited or grown on the semiconductor
wafer 108. The goal in the photolithographic field is to keep reducing the size of such
features and implant regions.

Unfortunately, in photolithographic systems, even a geometrically perfect lens cannot

separate two points below a minimum distance. When the two points are less than this

minimum distance from each other, they cannot be separated or “resolved”. This is due to
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108 or on various layers of material previously deposited or grown on the
semiconductor wafer 108. The goal in the photolithographic field is to keep
reducing the size of such 30 features and implant regions. Unfortunately, in
photolithographic systems, even a geometrically perfect lens cannot
ddEpetraeanfanpolntenbe Ritpes mipifiesH wl stievts . WiisB riith dusnio phsimitavareatakssof
bafihis gninimeIpedigtanes IR each QL. t?{ée}ﬁt%f'flﬁ’t’smo?@h%eﬁg"f{ﬁ@@ Yassing

"resolved”. This is due to 4 diffraction and interference effects. Diffraction
et &n\ QRO Er UGB 8% A RBN AT d B RR S T ok 9A i ecH (s @eialling qg the
phadbeysstdagecut dnothenéndankidyidiictbeiglet 108 pJassiagntiareiighsarperiingide-

such as an opening jn the patterned mask.caating 116, and falling on the
o R T ST T LR B R08 gonce
egsbcohwitiside Gubyesifiuepadingwlitherehththgre drBeatid s/ alles bicii@night the
opéaUEs3 can interfere so as to cancel each other out, or can reinforce and

amplify each other, depending on the locations of the openings. De endin?

ﬁéﬁg t from

upon SARAILNIBIHE S ARe it HBh dkractep A hgs ey et
tHbesey b ipeinis@asrossihigilpaging lens hihedine painigfivesyiftieatiye light
e,.the light 10 will be diffracted out of the path of the lens. In this.case,
R B e e R T S Ry cach
ofleascludidrepitHEbsysnden tethenrd sdl itiohradm aiche pisitheet [Ehs eqivimels afponon-
péﬁ%é{\’ @éfﬁ'%@ﬁéﬁd@fdb&"%t watd R Q)tthﬁe”ﬁ'gﬁﬁ HealaReHUiR ANArLaf !iB@rture

lens. Two images are considered as being resolvable when the intensity

(Dwkeh fieffidrogs'ty ‘B FeréEntof e thage fine sty Vihias™ B thialgeasity

bareceomnsidedashs1o rosalnahterivnenthgefallonving ettuafioroisniugilea: 26hsidered
0.6 "INA where: is the separatio the two images; k is the wavelength

regf)? %)I\llrea Vﬁftlllogﬁes%)ﬁﬁ%%%ugtﬁ(&l ﬁﬁl }&;lfl%ﬁlﬁee numerical aperture of the lens

106. 2D mterfeiféfce and diffraction effects can cause small distortions to

OCCURGFiNg > BROIRLNOIFARIN.f theaf.SMAk distortions are caused by optical

interference between elements of the mask design, optical diffraction, and
resist process ‘Hcie EIpHER ok iep st AR IPE" corrects these

small distortidsis the numerical aperture of the lens 106.

Interference and diffraction effects can cause small distortions to occur during
photolithography. These small distortions are caused by optical interference between
elements of the mask design, optical diffraction, and resist process effects. Optical proximity
correction (“OPC”) corrects these small distortions.

OPC is a mask design enhancing procedure that corrects small distortions that occur
during patterning. By applying modifications to compensate for the distortions, OPC
produces slight shape changes in the semiconductor design. For example, if interference will
cause a patterned line to be too short or too narrow, OPC will modify the designed line to be
slightly longer or wider.

Engineers typically use computer aided design (“CAD”) to create a schematic design
of the mask. In order to predict the image the mask will create on a photoresist, computer
simulations of photoresist patterning are run during the OPC process.

Referring now to FIG 2 (PRIOR ART), therein is shown a simplified figurative

computer simulation 200 of near field photoresist patterning, where the patterns of interest
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OPC is a mask design enhancing procedure that corrects small distortions

that occur 25 during patterning. By applying modifications to compensate for

the distortions, OPC produces slight shape changes in the semiconductor

design. For example, if interference will cause a patterned line to be too
cahepneiatbobsatesvibePC wifl Madiiche desigrbdeiinedotig sightly23nefedeses
siviglere ENGINERrs fyRicAlly Hse e Piies gided AgsignH :GAR hiIEas 806 and

schematic design 30 of the mask. In order to predict the image the mask will
a oranfield P B8R 6tiaIEt: computer simulations of photoresist patterning are
run duhingethei QP pioteasdefebtlog navnrial hlisk2dgsiRIQB ARIT), dhlengirdby

q &Q%WQO% P'=1irgij’fiedej'ﬁgsuratiavéa(m%omputer simulation 200 of near field

photoresis pat%émlng,e\% ere the patterns of interest 5 can generally be
descr{pg%ig @e imension. A simulated radiation source 202 produces
simulate Ii@h}tZB . The simulated light 204 is directed through a trial mask
design 206 anglz a near field 208 is calculated. The near field 208 is located
just b¥low fhe*g;’ral mask design 206 and is calculated by 5 solving coupled
Maxwell's equations: VxH=aD+J at vxE=_aB at Next, each point 209 in the
near Nl 208hipareiaBY) iashe raiatiold 38Riiedropiestiticmegdingign source, producing

nfig!draiginatedeiohtid 1007 hemeasdicidierisginated light 210 is difeeted through a

through a simulated lens 2%%2. The simulated lens 212 focuses the gdiar ht 210
SRS e tight s 1™ G 5 olfileing FdCGSEs MSaPTRIATgRIE R §hdeht 210,
pfodusegd foearctlalchlighi @ lighisxd#ecTad tintea simiatédighdatotasidirtayer @6 a

sigﬂﬁgﬂg@#?e%ﬁ%%%%%%% W@(ﬁ&@&%&ﬁ%&&l&? WREs4gs! "lﬁgﬁ H’Eglﬁ}i@éiw

on the simulated photoresist layer 216 Is calculate
inggedigtpatitn o0 the vormariei 08 e thegimulated photoresist layer 216 is calculated by

the equation:

u= 2.1,

allPin
near field

where f is the function describing the light intensity from each respective point (P) in the
near field at the wafer surface (P’).

Engineers then examine the results of the simulation, make design adjustments, and
run another simulation. Unfortunately, the simplified figurative computer simulation 200,
involving near field calculations, takes a long time for even simple mask designs.

Thus, near field photoresist patterning will be understood to refer to the simplified
computer simulation 200 including calculating the composite image intensity of the simulated
semiconductor wafer 218 by first calculating the near field 208 beneath the trial mask design
206. It is not meant to imply using the near field 208 to pattern the simulated photoresist
layer 216 by putting the simulated semiconductor wafer 218 in the near field 208.

Referring now to FIG. 3, therein is shown a simplified figurative computer simulation
300 of non-near field photoresist patterning, where the patterns of interest can generally be
described in one dimension, in accordance with an embodiment of the present invention. The
simplified figurative computer simulation 300 does not calculate the near field 208 (FIG. 2).
Instead, as taught by the present invention, the mask simulation is achieved by treating each

discontinuity point 302 (e.g., points A, B, C, and D) in a trial mask design 304 as a light
6
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15 where f is the function describing the light intensity from each respective
point (P) in the near field at the wafer surface (P'). Engineers then examine
the results of the simulation, make design adjustments, and run another
simulation. Unfortunately, the simplified figurative computer simulation 200,
soruesivirghdatediclgcalsugtidishit ke sathsngdiisécforhevegh simipialptedskens 308,
prRRIgRS eQ FauUs sasahfigldihrtaresishpatiraingivihiguy deistaad 19 aafeted

to the simplified computer simulation 200 including. calculating the composite
Offag & RSP R e Siniished 2<hf ORI rWRI e By hir cHiduldimg 2
coheowarifialg 208nbizn eathetldaduadimnaglpciasi o2 206hi ismoitedgaiotdeesivybyer
3%5@%&1‘5}3?‘1 Qgggfi%g 208 to pattern the simulated photoresist layer 216 by

tion: : :
putting the simUlatedisemiconductor wafer 218 in the near field 208. 25

Refertihg n@/ﬁp FIG. 3, therein is shown a simplified figurative computer
simulatior=80® of non-near field photoresist patterning, where the patterns of

witgrest eanrgenRplysBvidesesied inonadirsension dif-assBapeR VD &nthe
embodiment of the present invention. The simplified figurative computer
WA $0® foks not calculate the near field 208 (FIG. 2). Instead, as
taughtiey theprese nhigueintion;tthés neaskistiulatiemiis ackhiexedtyijjosatingage
. each 30, discontipui int 302 (e.g., points A,.B,.C, and D) in a trial mask
AR D ESCHRRORPLT, 386 4% e U R e ARG L AT AR e
colitpetiel thasgghitansiniuldaaen erkusOBnisrétuBiAgefBd st BRScOMIHEIgN ihTun.
H3ARvdherRcuarmhdisconinuibhiote3 1 dsinagiedoAn0aSIRUIRLEd faster than

photaresist layer 312 on a simulated semiconductor wafer 314. Thus,a .
SRR SRR SR Bl R HideIHAR R BURS ST 5HMNE RS Rfagiment
ophietpresist iayanidn 3R e caltdulated bl thermgdationeUimnysifiRafMmBy&iId near

where f is.the functign describing the light intensity from each discgntinuity..
C5Biok 3695l o aleh SUMLC (o' MY The Gomposie Hdgu sty 8 "
inpepvsimelt @ b igratorestitddiposinarh dgegn Gehtehadiys. If the verification

fails ang-thadarget ©omeosia imaoeantarsity daesmorhmatchihe fQmRosHe: )
_image intensity, design a(%ustments are made and another simulation is run,

idiRsier, this ShiicdN)b<IRG SAKEHE dRESRtiRi) Polnts e sshimiies 4008

rdgsi@vtigncorresponding to a trench in a mask. The TE irradiance profiles 400A and TM
irradiance profiles 400B were obtained using the following values: numerical aperture NA =
0.25; partial coherence factor ¢ = 0; trench width = 0.045 pm; equivalent trench thickness =
0.2 pm; and incident wavelength A = 0.013417 pm.

Tempest, a rigorous electromagnetic field simulator from the University of California
at Berkeley using near field calculations, was used to calculate the TE irradiance profile
400A and the TM irradiance profile 400B, shown as respective a dashed curves 402A and
402B. The near field was calculated at 0.05 pm below the mask. The simulation period and
grid interval used in the Tempest simulation were 1 pm and 0.0005 pum respectively. The
time taken to compute a single near field profile was 30 minutes on a Pentium 800 MHz
computer.

The present invention was then used to calculate the TE irradiance profile 400A and
the TM irradiance profile 400B, shown as respective solid curves 404A and 404B. The time
taken to compute both the TE irradiance profile 400A and the TM irradiance profile 400B

was 6 seconds on a Pentium 266 MHz computer. Thus, the present invention is several

7
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simulations using near field calculations. In trial simulations, for example, one

embodiment of the present invention was several orders of magnitude faster

than simulations using near 15 field calculations with substantially the same

accuracy. This is a major and highly significant improvement over prior art
ofsisE fieltaghivtdenksietadidm Reashinid giesiae fberivgAdMs s FIGESIMNEMY 4802
nihergin aeshawn transverse electric ("TE") irradiance ("IR") profiles 400A

and transverse magnetic ("TM") irradiance praofiles 400B respectively,

corre BEBTNS a trE i in BerRigsR. SPAY A SPiERL & Profies ABBRIML MO
n@0eadialdgth proties gHoebiwe retebiaiiced isin@ L hadel ovingevalau@sbe described

W HeHcel aneue NA S 025, paial cofisienca acion e i rench width &

BVXSd%rrﬁeélauwélen trenc t%ickness = 6(51.15 m; an |nC|dtent wa\})éféﬁlgtﬁnl\(/egﬁon'
Egch 1i3seomtimiihenpiné S02a rig drioLimesle drognatyatidreieRd simdiabdsoroes. tHge trial
HH{HV%%}{ afy hﬁﬁgf@iﬁoﬁb&%@%@ﬂdﬁ% el é@%&@@u@t@%gﬁ@%ﬁ%ﬁﬁom

calculate the TE irradiance profile 25 400A and the TM irradiance profile

h%ﬁ’é?‘ﬁ%ﬁ/#%@ésﬂ@cﬁ%pé’ﬁgs%@@&%é‘lﬁff?‘ﬁ\l%n51%‘%9%‘3%%‘?%@4&@“
5wEis gateuwat@ebagid05nmibe blsnth®l Mmaskdutheg stnistatidscpetiodanghgiid. The
interyal.used in.the. st simuylation were 1m .and,0.0005 m res tively.
SNk SERI R A PR, SR A SR ORSR IEPRTE i, o
cereprilimi BOGNKENS EB pplite digomTineijyrecwit fNemtite vawliedhphotadanst layer

stalculateither bE dicadipmes: profile 400A and the TM irradiance profile 4008,
shown as reT}%ective solid curves 404A and 404B. The time taken to

compﬁf§bot bfg TE irradiance profile 400A and the TM irradiance profile
400B wask88t8nds on a Pentium 266 MHz computer. Thus, the present

invention is several . 7 orders of nitude faster while producing virtu the
e Rt G A TG L B P RNy BTG HETAT A R e
wif& sbiftlherein is shown a simplified figurative simulation 500 of non-near

field ghotaresist patterni fi t
(o ARG SR RSy ARP (1S BRSO RIS, ERRERORE S
I RHiEY pré sentarifiertfivhiapaerddhscOram GRPRRSIR BURGHHCRTHY fepsigesigph the

cafositraniad asenlignt saseadinentiak maskArRSIg MayHA\@mulation is run.
homogeneous features 506 E%Som osed of a single material, or

Hosteidobrey iy Rl F B dE 4 B%Eé&f%’ﬁﬂﬁ?ﬁ&%%ﬁ?&ﬁéﬂq SIEC g

discoAtiauitydightrs have completed design adjustments and simulations in the OPC
process, a penultimate mask design then undergoes sharpening in the OPC process.
However, sharpening relies on proper fragmenting of the mask design. If the fragmenting is
incorrect, the final mask design will be under-corrected or over-corrected. If this occurs, the
OPC process must be run again and new fragmenting applied to the mask design.
Referring now to FIG. 6 (PRIOR ART), therein is shown a simplified illustration 600
of an example of existing OPC methodology. Current OPC methodology involves breaking a
mask outline 602 at fragmented points 604 into edge fragments 606. The edge fragments 606
are then each displaced repeatedly in directions perpendicular to the respective edge
fragments 606. Thus, the solution obtained is dependent upon the positions of the fragmented

points 604.
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510 is directed through a simulated lens 512, producing focused discontinuity
light 514. The 10 focused discontinuity light 514 is directed onto a simulated
photoresist layer 516. Thus, a composite image intensity of the discontinuity
points 502 on the simulated photoresist layer 516 is calculated by the
equatiorerire ¥, thepipldisebritierityuperes wiieveld ibaisermumitionod éderilplaeement

iR ghiERensihedram aa¢hoIRCAMFMIL B%Eép%@%@i‘%edléﬁﬁf@Elétﬂéi&}ﬁ%ltlon

The composite image intensity is examined to verify a target composite
of g EPRIET" RHES LS ATRe TR S T&ry &206‘ fosité fidge as:

intensity EFEP‘EJ[ match the composite image intensity, design adjustments
are madéand another simulation is run. However, this simulation is much
faste Etishreddminiatioons @¥ing theamfistd talcdstishse Posife vdstin e dvsion

(CHORIRIGEHESION AdHSIMANSIRRI MR oNRHN e ARG R ESESSiRn updated

penultimate mask deS|gn then undergoes sharpening in the OPC process.
upidsvert SingtianikGiF&Rgs on proper fragmenting of the mask design. If the
fragmentifigalspriinearigcicrihetiniabmagiciasignioil e undenooiiesietla@hented.
ver-corrected. | t curs the OPC proce §5,must be,run a ain a
R s e e R e S e
tbd\@fyuthemwﬁsggmwd positn plificallibstraliois GO0 b anladampiewfaristing
OPCIE@F&HR%%QQ%@W@WIQEE noetpedol ‘%HXp‘l’ﬂP{&i‘{ﬁﬁsﬁﬁ%%”?goaofmé}%& OPC,

outline 602 at fragmented points 604 into edge fragments 606. The edge
ifrageTdmRscetEh ik tBAMRER RIS HISJEESFRP BRI NiFEEHJARC displaces mask

vaeiRrendiriasio @hed@esn@g}ﬁvﬁedge(ﬁragm@mﬁmﬂwsrﬂne s@uinhs of the

gR5ined o dependent upon e pastions of the ragented. 30.gint=.004,8,,
Ve at the soiution, AaBst finlchisn equal to the summatio dge -
bpflagementlisgiornt ERE Yodefinkthlascorput 4t tivaditiérence between the

desirgq ﬁﬂﬂlmﬁéggf@cpgﬁgﬁ&&éﬁﬂe1Hrd@if£{%&@6ﬁ%'ifhiﬁ¥9fﬂ% d@iﬁéﬁast&&l hat the

fragment sites Cl, C2, and C3, is defined as: c=Y,.JEPE,j 5 Each edge

ERE bR B ST I bbAdte & PeSetil 6 Pt W%Péqﬂg%ﬁﬁﬁ’gwﬁmms of
the mask vertices 702, satisfying the irradiance constraints, are calculated algebraically from
a system of linear equations. In order to solve the system of linear equations, the number of
constraints must be equal to the number of independent variables. In general, the constraints
can be in any form. For example, the constraint could be defined as: let the slope of the
irradiance profile at C1 equal 0.8. The position of each edge fragment 704 is then updated
until irradiance constraints are satisfied.

Optimum displacements are determined using vertex diffraction edge response
(“VDER”). VDER is derived by combining concepts contained in the geometrical theory of
diffraction (“GTD”) and Hopkins’ theory of image formation. Using VDER, the intensity at

a target position ¢ can be written as a function of the vertex positions:

I''y=Y. |VDER(r',r)+ VDER,(r',r})+...+ VDER, (',1}, )’

When one of the vertices, 7, , is displaced about its original position, the new intensity
at target ¢ can be written as:

I'(r)+Ar(r)=> Ju, +aU,|’

where U, = Z ,VDER,



to the cost function is a minimum. The position of each edge fragment 606 is
then updated until the cost function stabilizes. The final printed pattern
obtained depends on how the mask outline is fragmented. Therefore, it is
possible for the printed pattern to be under-corrected or over-corrected.
Wher\st@nihig 6Gouhs] néhwerfragnmengdugbeinislé04rmushbamselectebaagd Me can
bcalculatic()lns run again. Referring now to FIG. 7, therein is shown a simplified

fiITEH&EN 700 of vertex OPC, in accordance with an embodiment of the
preseﬂl"(m(aen@gzls/gﬂe;( OPC displaces mask vertices 702 instead of edge
fragments 606 (FIG. 6 (PRIOR ART)). Thus, the lengths of the edge
fragmle i VFo@disRlasenelriabtelind the mask vertices 702 are displaced

5 repeatedly. (ARt X)3ng y directions, until correct displacements are
obtained. To obtain the correct displacements, irradiance constraints are
defin&ichBuehtisak srents pE displiecdoints of concern Cl, C2, C3, C4 and C5 is
zero. A'De I i@gﬂﬁp@(’:gﬁeﬁs of the mask vertices 702, satisfying the

irradiance cémétraints, ‘aré éalculated algebraically from a system of linear

equatiaasatbadrdeiies ol veethehayistem of linear equations, the number of 20
constraint tegﬁ equal to the nur;,;)ber of independent variables. In general,
the cé}{s(trri%]tf K Z’nygﬁfﬁr(ﬁ\r S%xample, the constraint could be
defined as: Igt}::eAsI&pe 3}It e irradiance profile at Cl equal 0.8. The position
of each edge #ay ent 704<then updated until irradiance constraints are
satisfiggrOptimum displacements are determined using vertex diffraction

edge response 25 ("VDER'"). VDER is derived by combining concepts
contaj{})eglﬁ ;b@fgﬁéﬂzﬁﬂgﬂﬁeory of diffraction ("GTD") and Hopkins'

theory of iage formatiéh. Using VDER, the intensity at a target position t

can be written as gypRgi ’Qf)the vertex positions: I'(Y) = k IVDERK (r', rl)+
VDERk @' D0z P - ' ', IN 2 When one of the vertices, rb , is
displaced about its origlﬁal position, the new intensity 30 at target t can be
writteGias: & (B)at AiNrertiddsk 0 kssuAilk fli2 wheces die diYplvORRiz® a way that
15 ﬂ%ﬁﬁéﬁﬁ'&@e%@%%ﬁ (2%1 IOORHRA NG BIGRIG S, NS RIS GRARty v

expresse
independent displacement variables. A “Manhattan polygon” is a convex polygon whose

10

(nonempty set of) vertices lie on the integer lattice, and whose (possibly empty set of) edges

each have a slope of {0, 1, -1, oo}. They are exactly integral bisubmodular polyhedra of

dimension two. Therefore, to solve for the required vertex displacements, N such equations
20  are needed.

Casting the system of equations in matrix formalism:

All Bll AIN Buv A'xl AII
: : Ay, Al,
A)CN

ANl

By, Ay Buw \Ayy Al

If the resist prints at a constant intensity threshold, then the required intensity change
giving zero edge placement error is known. The required vertex displacements can then be

25  solved.

10
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Al'(r) =Y, k 2UKAUK If the vertex displacement is small, 5 AUk
=VVDERK(r',rb)Arb If all the break points are displaced, AUk
=YbVVDERK(r,rb).Arb The intensity change is then given by: Al'(r') _bk
2UKV VDERK (r', rb) Arb 10 bAbACb+I3bAYb where a VDERK (', rb) Ab =
k2UklaxiBlyere2 basg BRK (rethodolrRaTkihe fienh prisedl pitkrydsticeiglepaerdent on

wisRUMRINgdhe Yerteep A e1diSBIRREIRNUEY) & WaNailpbrdirthadigRiaced greater
vertices still form a Manhattan polygon when they are rejoined, there are only

degrsryBhERTHANTR 5 SRS RNt VR aBie £ Pl OBT I B 95 Y YarrrEse tion
ispokided vihoseai(lanempbyset. of) vertices lie on the integer lattice, and

who ossibly em t of) edges, each have a.slope of (0, 1, -1,,0J. . .
Ty 1 B I O bR R & e eigning
sephiepafrson dhaivaailss HH reqoifeet eriexedisplanerhehtbe Nresasth wgeritions The

s%ﬂ?&%@%ﬁin@%ﬁﬁﬁ&%&&s aheauaiiens indatix farmalises AlhBhd a
AIN BIN AX 1 Al1 AY1 A12 AKN "9NI BNI ... ANN BNN AYN AIN If the resist

UBYTH S SRECREta Aty T SSRE e REFP RS g ERPARS! i REE AERY BiTangys seven

figiving zarolecdgalanengent probleisskirossmed he required vertex

displagements can,then BepRRASONVES: t0ing block 802, a focusing block 804, a

calculating block 806, a comparing block 807, an adjustment block 808, a repeating block
810, and a sharpening block 812. Each of the blocks can stand independently in the system
for designing semiconductor photomasks 800, and within these blocks may be included
various commercially available techniques, methodologies, processes, and approaches as well
as the invention disclosed herein. The six fundamental blocks are discussed in the
approximate chronology that the blocks are used in the system for designing semiconductor
photomasks 800.

The system for designing semiconductor photomasks 800 includes various elements
of commercially available production, design, and development semiconductor equipment
and circuitry, which operate on and manipulate information and/or data, which are
generically defined herein as “information”. The system for designing semiconductor
photomasks 800 receives information from a device 8§14, such as a semiconductor photomask
design system. The device 814 generates a trial semiconductor photomask design 816,
having discontinuity points and/or mask vertices. The system for designing semiconductor
photomasks 800 provides a photomask design specification to a photomask manufacturing
system 818 for storing, printing, or fabricating such a photomask.

The trial semiconductor photomask design 816 can be anything from a full
semiconductor chip pattern down to features and phase regions of an individual
semiconductor device on a die. The photomask manufacturing system 818 can be any
technique, method, process, or approach for the production of one or more photomasks.

In the treating block 802, each of the discontinuity points is treated as a simulated

light source.

11
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In the vertex based OPC methodology, the final printed pattern is not

dependent on where the mask outline 602 (FIG. 6(PRIOR ART)) is initially
broken and there are greater degrees of freedom for correction. Thus, the
problem of under-correction or over-correction is avoided, saving time and

resouress.is Reftaingradieed BIG. Bsinslad iwhinguses ioukatiddiahh boa the

st f@hﬂ%ﬂ&@é%t@@@ﬂﬁ@l’ﬂ%?%t%@i@%?&ks 800 according to an
embodiment of the present invention. The system for designin _
semi&%rﬁ%&f‘é‘f%%ﬂ&%‘ksg%c?ig%WB%EuW‘&ﬂ‘iHét%t%\Régr;t}’ﬁ%F&feﬁ migyigted

ligingle thodanental fockesan hgbreadhalpibide mizgragatiie o hutaitenpdistemate

q eanrltlecg,g%%@o fuﬁ‘&%‘nr?eﬂltﬁ‘el llalgcks to solving the problems presented. 10 The
seven funddmental bIOCKS are a treating block 802, a focusing block 804, a
calculatiflg bloek808, AledmpatinghblcerBoOTcarmadiusatatitbleelcgagdain the

cﬂ%ﬂ%‘iﬂ@gb@&%ks&@oisam%@rﬁﬁr&inth é?%&%@si@aﬁﬁa‘g@ﬂﬂﬁeﬁ@ﬁks G, the
stand independently in the system for designing semiconductor photomasks

COBPOdUARRAIT TSR BICARRRd P DETHE RIHEE YAPRAE e IR I Yvailable
techriguas, meihiodolopies BOXessesnant appraadoes atsvelal Ssasitoaductor

in entic])(n discl%ﬁ%d herein. The six fun antzental blocks are discussed in the
p otomas 1n, res 1rcul Or Com

apprOX|md§tgég8hroncI)]log hat ﬁ%ﬁa‘fec s are used in e system for designing
semidoriiecrneatihetbingsisl 80teTheagysténdlorSeésidmingeseinticbiakiciot. the

cﬂ@@@ﬂ?ﬁﬁﬁl@@@d@yg&%ﬁ@ﬂ@%&h@ W%ﬁh@%@%ﬁ”ﬂl@é@ﬁ@@ e repeated

production, design, and development semiconductor equipment 20 and
U AR WARTRR B FRRED H SAR Phis ANiSYEd-information and/or data, which are
genenaally definee keipbniag doknsatonhe Thandyisiem fomdesignilog photomask
agmisenguetor, photomasks 800 recelves, information from.3 device. 814 g
Such as’a semiconducior ﬁho?omasolg aes?]g system.olthe evice 814 y
dgesionsteshs thaipsemgcgmdudes thetomastk desipsBtichiaving discontinuity
po'ntﬁéf‘éﬁ‘{ﬁé Wk’o‘ﬁ@.@ﬁh@@% %’%%thgrﬂ@%s&ﬂ@ﬂﬂgf%%&l%%@t%%‘ési ning
photomasks 800 provides a photomask der%grg) specification to a photomas

STRATAMHAGFIRBC SYtEh B RECEHGSHNG SrSt ‘UP FabrIc R stRiHmy ention. The
nelieiouRskclies thiakh s ipcandUcioi@hatomaskodesign & canviag anydtinguity
bloyktefd-gosusing benalyed0ight Aniguesmdtiedipriveddisht spproniharblotied06;
cﬁEgga'ﬁ(ﬁQOQ &trf?&%i&r [RQLe m%@m%e focused simulated light to verify the trial
semiconductor photomask design in a block 908; sharpening the semiconductor photomask
design in a block 910; and generating a photomask design specification for use in fabricating
such a photomask in a block 912.

Thus, it has been discovered that the photomask designing method and apparatus of
the present invention furnish important and heretofore unknown and unavailable solutions,
capabilities, and functional advantages for designing photomasks. The resulting processes
and configurations are straightforward, economical, uncomplicated, highly versatile,
accurate, sensitive, and effective, and can be implemented by adapting known components
for ready manufacturing, application, and utilization.

While the invention has been described in conjunction with a specific best mode, it is

to be understood that many alternatives, modifications, and variations will be apparent to

12



In the treating block 802, each of the discontinuity points is treated as a
simulated light source. 11 Next, in the focusing block 804, a simulated lens
focuses simulated light from the simulated light sources onto a simulated
photoresist layer. In the calculating block 806, a composite image intensity of
there fbdlesbth shoaraiedighyief dhethiorsninataipirttrediscdadiaely caleiéteded to
eAIIERIAICRINLIAEIRAICR RRAUIIMAIR, naSRieADAUGIALPhOIQIRaKIIESIGR. dPthe

_the comparing block 807, the composite image intensity, calculated in the

incdatatnyBlodk BB R CBIFArEY i Y tfﬁfﬁb%%ﬁﬂp??s??é)}ﬁqdﬁetl?ﬁté%fg}?a“ylng

drblviisgslhe: R poaipeciadag anniknsiyvis axdatminiditoyesifyea target composite
image intensity. In the adjustment block 808, adjustments are made to the
trial semiconductor 10 photomask design 816 in response to the circuitry for
comparing. In the repeating block 810, the treating block 802, the focusing
block 804, the calculating block 806, the comparing block 807, and the
adjustment block 808 are repeated until a target composite image intensity is
achieved. Finally, in the sharpening block 812, the penultimate
semiconductor photomask 15 design is sharpened by moving the
discontinuity points and/or mask vertices in x and y directions. The
sharpening generates the photomask design specification. Referring now to
FIG. 9, therein is shown a flow chart of a method 900 for designing
semiconductor photomasks in accordance with an embodiment of the present
invention. The method 900 includes providing a trial semiconductor
photomask design having discontinuity 20 points in a block 902; treating each
of the discontinuity points as simulated light sources in a block 904; focusing
simulated light from each of the simulated light sources in a block 906;
calculating a composite image intensity of the focused simulated light to
verify the trial semiconductor photomask design in a block 908; sharpening
the semiconductor photomask design in a block 910; and generating a
photomask design specification for use in fabricating 25 such a photomask in
a block 912. Thus, it has been discovered that the photomask designing
method and apparatus of the present invention furnish important and
heretofore unknown and unavailable solutions,

13
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capabilities, and functional advantages for designing photomasks. The
resulting processes and configurations are straightforward, economical,
uncomplicated, highly versatile, 30 accurate, sensitive, and effective, and can
be implemented by adapting known components for ready manufacturing,

THEpIE YO IMUC kP LW hile the invention has been described in
conjunction with a specific best made, it is to be understood that many . =
altern‘ativesﬁrﬂﬁ&ﬁﬁé&%@%ﬁoéﬂﬁs%fﬁﬁ?ﬁ%‘%ﬂﬁbﬁoéé’ SRy QQ‘%%"sf@éé‘léﬂ‘i‘éd
in thepartiididighttofithenaforelgoimgptiescniptiodeskea@idinbdyjrt idixtandeadytpoints
embrace all §ﬁ?)h alternatives, modifications, and variations which fall within
the scope o?t e’ included claims. All matters hithertofore set forth herein or
showticiHifigeeadeortiisafsiABtisraWRES 4 A T0 B &1 AdtSFebl i e (Eiative
?;gogl?eu%ﬁ?gtﬁmﬁ%a@ig_ﬂt%%E%Wﬁéwl@ﬁk%;%ﬁ@ﬂ@p&c& m@m%q

or designing semiconductor photomas comprising: providing a
trial SEHTEBNER G PSSR dBSHY é‘}%’i?ﬂﬁﬁ%%k&ﬁfﬁiﬁ‘é‘b&ﬁ?% to verify
(302); 5 treabingielacmabthiedis phntimuitk peiids (@062) as simulated light

sourcg; r%ggr;% J%‘}H%}Q%ﬁ@&#&ﬁ%%’r'QQ&&%&’S@J&%@%}; e simulated light

sources culating a compaosite image in of the focused
simulgteerdigi @ POYRngekifdementiardansiéonditeoriphatsmasiiiesigie such a
(816); sharpehingatiedoisl semiconductor photomask design (816); and 10
generating a photomask design specification (816) for use in fabricating such
a photomadhd304ho (Tite shetiodl (8@&xof: claim 1 wherein: providing a trial
semiconductor photomask design (816) having di tinuit ints. (302); .
and T R AR SEP e s
comprises: p¥¥idipg a trial semiconductor photomask design (816) having

MasksMeleeSo (04l semiconductor photomask design (816);
further comprises:
providing a trial semiconductor photomask design (816) having mask vertices (702);
and
sharpening the trial semiconductor photomask design (816) by moving the mask

vertices (702).

3. The method (900) of claim 1 wherein providing a trial semiconductor
photomask design (816) having discontinuity points (302) further comprises providing a trial

semiconductor photomask design (816) having a pattern described in at least two dimensions.

4. The method (900) of claim 1 wherein calculating a composite image intensity
of the focused simulated light (310) further comprises calculating a composite image
intensity of the focused simulated light (310) to create a penultimate semiconductor

photomask design (304).

5. The method (900) of claim 1 wherein sharpening the trial semiconductor
photomask design (816) further comprises sharpening the trial semiconductor photomask

design (816) using vertex diffraction edge response.

14
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and sharpening the trial semiconductor photomask design (816) by moving
the mask 20 vertices (702). 3. The method (900) of claim 1 wherein
providing a trial semiconductor photomask design (816) having discontinuity
points (302) further comprises providing a trial semiconductor photomask
desigp (816) having apatiermsiessriosskin @t |gRsMadimapsians. 4. The
method (900) of claim 1 wherein calculatingea composite image intensity 25
of the’fot gLl ISRRIGARGHE S PP e EaisthhdRe GNP posite
imagereiiensibh of the decoisadisinpulatest kghiildO) dhe coaadesa penultimate
semiconductor t desi .5. The method (900) of claim
et S A S, S e & e,
comprises dherpeivingithelaitdipbeniespidartor photomask 30 design (816)
usingeyriexdiffrastipsgd HRabe SRSy A ﬁ&}%m&ﬁ%&ﬂ%ﬁﬂﬂﬁ%e

semiconductor photomasks comprising: providing a trial semiconductor
photomask YBYBHFARUMY HSEBHERuity points: treating each of the
discoadinpityngalidtsoagpssinLilated lighissguscesiocustposiaitage dntighidfrom
each of the si&'nu[ateq li Iyls urces with.a imlﬂatted §<I ns onto a simu(latt%d

making a ustme S% € trial s€émiconducior otomas €S1 n response 1o the
photore5|slgla)}er, calculating a composite |mapge Intensity GF the TocUSE
simulated lighmoarities  simulated photoresist layer; comparing the composite
lmag?e*!@ﬁﬂ@%&@iﬁg@%@@éiﬁ@,@ﬁ@ﬁ'&ﬁd@ eeRPReSYd dﬁﬁiﬂé‘gd%i;lﬁﬁ%ﬂ&eﬁﬁﬁlt%e
the trial semiconductor photomask design in response to the 10 comparing;
repeating tr&4&iS OrBRRIRYM BRI e 8rhisaFtg, and making adjustments
until hargaiget e mpbsite dohdgedniensidskarkigvesdsharpening the trial
semiconductor photomask . design; and generating. a photomask design
e S R Rt S R SR
claim 6 wherein:

7. The method of claim 6 wherein:
providing a trial semiconductor photomask design having discontinuity points; and

sharpening the trial semiconductor photomask design;

further comprises:

providing a trial semiconductor photomask design having mask vertices; and
sharpening the trial semiconductor photomask design by moving the mask vertices in

x and y directions.

8. The method of claim 6 wherein providing a trial semiconductor photomask

design having discontinuity points further comprises providing a trial semiconductor

photomask design having a pattern described in at least two dimensions.

9. The method of claim 6 wherein:
calculating a composite image intensity of the focused simulated light on the
simulated photoresist layer; and

sharpening the trial semiconductor photomask design;

further comprises;
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PhgfoAk HrsiEB YsarcYs

providing a trial semiconductor photomask design having discontinuity points;
and sharpening the trial semiconductor photomask design; further
comprises: 20 providing a trial semiconductor photomask design having
mask vertices; and sharpening the trial semiconductor photomask design by
movisglehainaglcvanists imageandnpidirelcionec ged Hapdaddiklifaldhn 6
wherein proyidinged piatsemicRpausiorLpRApMARI nAe deRigRdiRNMPBhotomask
discontinuity points further comprises providing a trial semiconductor
photomask $&%gn?Adving a pattern described in at least two dimensions. 9.
The nietipodiaf ¢lapantlnhateiomtaialladn ghaoarykakiteinage intensity of
the focused simulated light on the 30 simulated photoresist layer; and

sharpening the trial semiconductor photomask design; further comprises; 15
calculdting domposttefiptrgeoinmemcinsbfriisaifgdhs sdhbvienadufighbatenask

asimyiated RhetorRsistayardefieais & Rantimate semicondyatRr Rhatemask

design, and sharpening the penultimate semiconductor photomask design. 5

"@%ﬁ‘i@i‘é‘ﬁ‘? eI FRSAMS the trial semiconductor
photomask design further comprises applying optical proximity correction to
the trial semiconductor photomask design using vertex diffraction edge

response. 18 Qﬂ;w%ﬁﬁﬂ?tfﬁ«mgmﬁg%ﬁ&ﬁ&%ﬁ%ﬁgmk&&i&r(%&@mﬁﬂ%@?@
comprising: a trial semiconductor photomask design (816) with discontinuity
pointd (HE2ETIAREHRYE A FaR ekl o S ErEBHH ARy BIRS (302)
as simiwlated (gla) soureamEPZOR) off chitais(Bhdniny feausingoginylsiadlilightlight
(306) from each of@b%ésimulated light 15 sources (302); circuitry (814) for

S

. sSources 5 - . . .
calculating a comp image intensity of the focused simulated
circuitry (814) for focusing simulated light (306) from each of the simulated light

sources (302);
circuitry (814) for calculating a composite image intensity of the focused simulated
light (310) to verify the trial semiconductor photomask design (816);
circuitry (814) for sharpening the semiconductor photomask design (816); and
circuitry (814) for generating a photomask design (816) specification for use in

fabricating such a photomask (304).

12.  The system (800) of claim 11 wherein:
the trial semiconductor photomask design (816) with discontinuity points (302); and

the circuitry (814) for sharpening the trial semiconductor photomask design (816);

further comprise:

a trial semiconductor photomask design (816) having mask vertices (702); and
circuitry (814) for sharpening the trial semiconductor photomask design (816) by

moving the mask vertices (702).

13. The system (800) of claim 11 wherein the trial semiconductor photomask

design (816) with discontinuity points (302) further comprises a trial semiconductor

photomask design (816) having a pattern described in at least two dimensions.

14. The system (800) of claim 11 wherein the circuitry (814) for calculating a

composite image intensity of the focused simulated light (310) further comprises circuitry

16



light (310) to verify the trial semiconductor photomask design (816); circuitry

(814) for sharpening the semiconductor photomask design (816); and

circuitry (814) for generating a photomask design (816) specification for use

in 20 fabricating such a photomask (304). 12. The system (800) of claim 11
(Yhefeincalsslatiag searicpnsiifciorph otbmabk dediio@se) withildisédraimuity0) to
cRQ!@ESp@QR}né{%%m&‘&iH%iH MoRlshdar &Wgﬁ%ﬁﬂlﬂ the trial semiconductor

photomask design (816); furtﬁer comprise: 25 a trial semiconductor

photolmask ﬁmsgmé&ﬂ.@(hwmgmsk wattieas t(%(lﬁjclanszl (Slrncpftrysd&:i:ﬂe)niﬁg the

«SHABEDIAG. NS 13l seieanductas pelamaskc desian. (BA6L 0% Maung e i

e R AL P R

ﬂ@etnﬁb@ﬁm@ndmhbpbmamsldé@gn (Bh®)unith diged ﬂtfﬁ@ﬁyq@cﬂdgs (B02)se.
further comprises a trial semiconductor 30 photomask design (816) having a
pattern described in at least two dimensions. 14. The system (800) of claim
11 wherein the circuitry (814) for calculating a composite image intensity of
the focused simulated light (310) further comprises circuitry 16 (814) for
calculating a composite image intensity of the focused simulated light (310) to
create a penultimate semiconductor photomask design (304). 15. The system
(800) of claim 11 wherein the circuitry (814) for sharpening the trial
semiconductor photomask design (816) further comprises circuitry (814) for
sharpening 5 the trial semiconductor photomask design (816) using vertex
diffraction edge response. 17
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