SYSTEM AND METHOD FOR DESI GNI NG SEM CONDUCTOR

PHOTOMASKS TECHNI CAL FI ELD The present invention

rel ates generally to photolithography and nore

particularly to designing photomasks. 5 BACKGROUND
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and resist process effects. Optical proximity correction (“OPC”) corrects these small

25  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

1




patterned line to be too short or too narrow, OPC w ||
nodi fy the designed line to be slightly 1onger or
mﬁder Engineers typically use conputer aided design
(" CA to create a schematic design 5 of the nask.
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semiconductor photomask design is sharpened. A photomask design specification is
generated for use in fabricating such a photomask.
36 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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froma reading of the follow ng detail ed description

when taken with reference to the acconpanying

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G |
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BEST MODE FOR CARRYING OQUT 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,




some of the dinensions are for the clarity of
presentation and are shown exaggerated in the FIGs.
The term "horizontal” as used herein is defined as a

pl ane lel.tot ovent onal .plane or surface. ..
of ¥ QO bt G b ey Byl arecba TRt in e
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regi ons. Unfortunat el %‘fb i n phot ol i thographic
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even a Ié{é@ﬁd@ﬁtplwclamh?to graphic syHeRs: 8%H ﬁ@faometnca?y pergact 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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separate two points below a m ni num di stance. \Wen the
two points are less than this mninmum di stance from
each other, they cannot be separated or "resol ved".
This is due to 4 diffraction and interference effects.
Di fiffrastien ¥ iepfaence effehy dHITRPONAEot i therudiipdo Mgt (fve nature of
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the intensit the 1ight 1 8 paSSI n t hr.ou an ..
op Bl SRsERERLChE B GBI HAPEFHGEE Hdsp folling on he
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aneacy akcey s, @f cah Reéinfoicghbd waplefg cahnvthentdpdnding o&ahe&EcdﬂDns of the
cancel each other out, or can reinforce and anplify
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SIOIE IS5 (\:’\ftol(‘;)%ﬂltsegcgoﬁc he 34 g@%lsépst hl‘? tlle t%ht ﬂfngs A s}fgcﬁﬁ’@g cme the light
sufs i lod dfftabiyd cﬁtoééie pethef the dgns. InIIlDS WS¢,Itllﬂb@1rm Wlﬁlrfaéqce‘dose to each
ou t
F)ihgxf anh I?f?eg%fl gg gﬁc%eg n%adc S rﬁéoﬁ‘m&h&aﬁ ﬁ@ﬁ%m '{h% Iéeggiljiﬂtt; eof a non-
t heerchmetls éffpemdegmbrmttheowavgkength ef §5¢sltgéﬁf0umeanﬁ dbonyiegrigy aperture
Of ﬁﬁpg%f tlﬁ:el%;secﬁ“wl) 3&§%$g%&eM§ldéf&st 5&1?% Y@M@Abﬁ’ngﬁéﬁ t‘ﬁt: mtenslty
ht source an e nureri cal ure "NA")
t héetwmstheﬁrMm Waiij)eg:rcgrpté)f élmffg),agf'etp@asztas Thas, v unages are ccmmdered
re%éabl\ééo@é SrRToiIEnd QLARRI MsRet ween them drops to
O percent of the inmage intensity. Thus, two inages
are cortdl 5&FéMA 15 resol vabl e when the fol | owi ng

equat i Opheles Sitsfehd depfatiod PEDe BbliNAgesivhere: 2D is the
separation of the two i %is the vvawglength of

the radi ati ohis$guravee %@Qfg‘%‘i'fad‘a‘h‘lﬂs?‘gc"t Wé: #dneri cal

aperture of khgshersndRE.apdird ditiRnésnesce and
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OC cur dmﬂ{f?fﬁﬂce paﬁ‘l t af:fﬁ%lgF eﬁﬁycan-l-cﬁlg%ee STg ri1st0rt10ns to occur during
di %ﬁ&éltthdgﬂ@h)ar eT Heasiaall [istontink cad cauﬁéde b{ aipecut éntbddravee rbetween

releg eg‘?‘t“%?fgé"e IT%%{;P% 1ca|(%1?fa<<‘§tg)ﬁtaﬁ§ 6 lsﬁérg)gegsae elctgggyt)txcagprommlty
(" Qﬁﬁcmo:qomce?otcsﬂdchelseee sl distaii@borti ons. OPC is a

g?zi(o?f(?é(ggs ate rﬁg?%%slégﬁ n%arlr%%%%lflorcgdutreht%t (%)torggtse gntla %@Alons that occur
apﬂhxynwgatmmgfl Bat dpplydgt mocbﬂa:ﬂpetssmt emfp@nsatehbr the distortions, OPC

dl 21 %{I(ECIS sli fsha charp Sp 1% e s%m‘isoloﬁfgxhgor ée@ e rhe? e iii theFfagnce will
f ert er énce

e onat
vv| Iciluse @aaiemeahmc—atbtbe mm@dodt Drnteo tlawmbfeot’ﬁowtk hodify be deseamed line to be

narlr W logig;mmder nodi fy the designed |ine to be
g%t?’ Fonger or wider.

Engmeers 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




Engi neers typically use conputer aided design ("CAD')
to create a schematic design 30 of the mask. |In order
to predict the i mage the mask will create on a
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| nt er eshe ﬁeacﬁﬂd g(me toahtbdljub:ebeld@sme‘ tribletlask destine206 and is calculated by
1 ‘gy m% radi ati on source 202 produces
‘1“5”t°88p PRt 204 RE si nul ated 1ight 204 is
dlrected Lhr@m h a trial mask design 206 and a near
field 2087 cacul ated. The near field 208 is |ocated
just bel ow t trial mask deS|gn 206 and is cal cul ated
by 5 §Dkyhng—coupled Maxwel | s equations: Next, each
poi nt 209 in he near field 208 is treated as a
r ad' at iNgRx, 8RH b6igs 200110 tHeGleRicl BRI is fréfddds Qrh@atRat@dce, producing

o ot oS RoL o b Sl PR A afR et o «
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n exg}ag? mielnatyz(gghe peat e‘?é‘E’(%S a0 t?} %H%%g tp!lglgt%ylgtlig%r ?lfé 15 ai%llated by

e 51 nil or esi st
i stheadvatdrat ed by the equatlon: Uu =Ef, AP |n near

field %? mﬁfre f is the function describing the |ight
i nt ensi ém each respective point (P) in the near

field at hh@mmafer surface (P'). Engi neers then

15 exagflzr? Eéstn {1]15: ﬁmc?o 5escr%:n§ntﬂf Illlshtqulltenmty %*oz’n c% res;gegt‘?\!c%mt (P) in the

adjus
Unhmrﬁd&aﬁhhymxmhémsﬁﬁpl|f|ed flguratlve conput er

si mul atd, tgecrs then ¢ el fd Q:gultrs]%ﬂqe § rﬁllgigﬁa\ln&él a%&};?%igustments, and

t akes a or even Ssi des
Thos, anﬁthtarsuﬁulélocl phderometsiysthe patpﬂlépdwﬁmgatwmcpmb‘éer simulation 200,

grlqngﬁ l%l‘i’l Qgtr E%&E I nc thIEfo tak& anFJnel fEll & &&@HHE!@&@SI

tlng t € conposi e
20§ mage |Tﬂwsemsartfyldoﬂhomrmlssmﬁqmatgeﬂdl bsaniegpaduetrefer wethepimplified

2 1<§)nﬁ§(xte§ f;ﬁﬁfamﬁ@j&@ %cﬁﬁﬂnﬁga&ﬁﬁm %Qoinb@s tgmgaggm%ﬂf%@;f the simulated

the tria esli g IS not neant to inp

ussemgeoniston safer 21 @ydirgwslcwlet%éhq s figlhg)Bdiensg| haff“é‘iﬂlal fask design

phajoresl 2k meéxﬁl’@ fm;%l @snl?@/ thP ldEaIr i@ 10880 %btf&ﬁ ﬁE 8fhulated photoresist
sem conduct or waf er he near field
layer 216 by putting the 31mu1ated semxconductor wafer 218 in the near ﬂeid 208.

25 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

30  discontinuity point 302 (e.g., points A, B, C, and D) in a trial mask design 304 as a light
6




25 Referring nowto FIG 3, therein is shown a

sinplified figurative conputer sinulation 300 of

non-near field photoresist patter ni ng, where the

patt erns_of terest ca en scr.i bed i

one e GiBir] ErioREEGr BRCUO P ARUBUr bR EraE s 305
pr Qﬁ)ﬂﬁﬂing fvesd Hl@cﬂmtuﬂ'lt@ light 3MOl i fHe &ekubddglidcadtinuigy ﬁgf{'p}l]lﬂ &J directed
si mul atlo not | cul at e e near, field

( EPEe az'*)lmu atﬁg g]tlo %ramst é@’e'i g@g‘ﬂf a BV“E"I&E s&xpgglé(%l{;tor wafer 9?4 Thus, a
[ mz@m;tommunagh eitamszkofsknerm:‘ccammmmy pentadtil evidd simplaadgdtiorgist layer

30 .di nU|t point 302 (e.qg., points A B, C
grztj)walwlﬁct Al “ a%f% design 304 as a |ight 6 source.

Iha
S| nmul at gd-= dEgontl nuity light 306 is then directed
t hrough a sizel ated | ens 308, pr oduci ng focused
d| S tel. nuli C .
RO ot SN0 TR RS S SERTDAMLY Y 302
I awefersliizcm(n gaAs)i mul at ed sem conduct or vvaf er 314.
Thus, oC
di scon?l; nucl%t Qﬁﬁe l%alémglsgynqs?%hg%%&%a{egg D tartgceatr %Oé?pgflte mage
10] ayegnsitss 18the Vi:rsﬁcetaﬂnc,fwlsalﬂ@ale itAyget Pfenr@@ftpamﬁ&mnte@& dyes npt match the
P= A)rh og’tp:ﬂMb@rlﬁtcflsﬁksdJs%ﬁ a {ﬁ@tﬁlteh@réréjﬁt%gé‘ b Mtﬂeh%m&dle@!&ﬁ is run.

|nten3|t fromeach discontinuit ol nt 302 at
vvaﬁ@we@ar thigcamplatiqq, uping oniyhige eiefﬁ%@vffs@ml%@% it @Wéu fagter than

| s sgxphaadin %Qeé{ Qleldf Mic@ati AL I B i OSPASHhE fbrMRBRple, e embodiment
|nten5|ty he verification fails and the target

the ippegent W@@lop Afde ﬁg}pl{a&,orggé st pagnithe Prettha simulations using near

15 C 0 MR ShIb@atlNBERN sBLRNRI Yhe SMC%a@dH Kis ¥sr§QﬁHJ($r andl BighBARnificant
and anot her simul ati on ver,

this
si HOTRYBRE OVEATRERbRRL *ﬁ@%ﬁﬂ?&?ﬁ*ﬁgﬁ tﬁcwfowﬁ nts 302,
I s muchrdiashehow RAFIGsS ALt 4B) NBerdl§ laRQshDOA trahdvedsdl electric (“TE”)

Cﬁ%%gl at i {?ﬂls’gfpr ({tl% 483% Sag{ﬂttnr%%lﬁte%%gﬁ%%fﬁ{l% ﬁé@\'{%ﬂ%’mé’ Drofiles 400B

or agpstiady, m&gaapdnumg td agéreh if haasks My IratlmimCmgbm@s fEAr and TM

15 field c i ons subst the s

205 T g PPl R e R ooy i ey R sperure NA -

| mpRéyverhtohereade fxtrar = ar ttentleaidtf + @045 phodqoivelsk tebedi thickness =
teahnal.odl SSu. ReLEIaLAg NG 0 f G- 47 and 48,

nsverse el'€ttric ("TE")
| rradi divogedt,'d dojoup eloftiolragnedO 0Ald amdltar dnsibe Beiversity of California
magtn ggrl(e(ie }lsm\é )1ea|r %El@déal%gﬁgt?ongrv%sl 1!5@(? t049agc§late the TE Erad%ce profile
respectively,” corresponding to a trench 1n a mask. e
25TE4€}QPr ali thed®! pladifaitdceasoftl@@WBanld)W'ﬁMS%Bpwinad idaﬁheé curves 402A and

pr QBQB' eﬁlezl;\gg%e}/ﬁa% cglmlm:d’]ﬁ%m(&ﬁmggeé%bﬁe tn%k! 1at10n geriod and

val ues: nunerical aperture part | er ence
f agtibmtgvat uged in rﬂ@nfmlpmt dinlatio vO45! pp aad) G0V emtreSpectWer The

t FaRG qakteg L& k&ﬁ@lgge ngp selg@ & fed? 'ﬁeldaﬁgﬁik %IL; @@ %nﬁf@V&J £ ﬁ&hﬂm%oo MHz

= 0.013417 m a rigorous electromagnetic
fi eprapusirnul ator fromthe University of California

30 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
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at Berkeley using near field calculations, was used to

calculate the TE irradi ance profile 25 400A and the

TMirradi ance profile 400B, shown as respective a

dashed curves 402A and 402B. The near field was ‘ _

catrders af edzrudOfags whitn ivedusing tvireuai die, sap gesylitsnas| pplafipns using

peﬁéa{’ﬁel@&‘i’cula%ﬂsd interval used in the Tenpest

simul ation were m and 0. 0005 m respectively. The

t i me t &e@mrtgdmefotﬁﬁf@é ahesgit i SéOﬁearmnhépfg ﬁeﬁe}fvewen%gm 500 of
O d LR et (B toPestE %Eter{i{E ORIV pat €QEPUL @fest c&OgeTQx@ily be described

pr esent invention was en used to calculate the TE

51 ringio dhBIsiIRb it PEoHOTA WHdan flikgnamembodimbal e Fregft figention.
400Bn agBRuiBSHoiR SMERTI NA nkott i4digh BOY B3redOd & aamu &Q&B The trial
The tine taken to conpute gcgth the TE |rra%|
priofisk| eesigpoRARY °t ‘I‘%“O‘Eﬁﬂef’?sr fusicdoprostrricd Hod §‘“g¥ﬁa§13§“al or
S ERAAGEn @5 EeafdeRtSOB I’c}fblﬂﬁﬁed\/hiZmﬁlQmé Uﬁ@d’nalsTmlhﬁulaﬁeaﬂl ﬂlscontmmty light
present. i nventll'ggn IS sever

P SRar vte! el PR DU ERe Retina Trag T sta. e
10 Si fpghsad dRASitittsiyNight Fi@as diréceddchnead Quﬂuateldq)hﬁoreﬁﬁﬂe}rcr 51”(g Thus, a

b o T S SR PGt oo e
pheteas esdubtedpatiteermting, where the patterns of interest

can generalm e described 5 in tw dinensions, in

accor danhce lh an al ternate enbodi ment of the present

i nventi on.meaCh’ di scontinuity p0| nt 502 in a tr| al

n.504 is tr.ea u
P 7 R e b RE e By Reb A SRl g som e
15 compleseda@f a si ngI e materi aI or heterogeneous

feat ur e[% 208 & ? g@e{ﬁ &Bm%eﬁ% eJe 3)0% gtﬁ?%"wm%ﬁg image

di scont’i nui {mf}aﬁ rected t
si mnsityedf thewﬁsmbp faills @mthtbe ra@ef oopsatd idkgauensitn déds yrot match the

| gohﬁcp gyfmagb t?mén%t; (feagr?gd}qﬁﬁlaﬁptamﬁa&eyadd' gJatheﬁ %u fon is run.

ot oresi st |ayer :
a Howeqso diit semulntagtes mmhefmrttfgm ofnuldtiensgisivg oer fﬁé |0¥19uiat10ns

20P0I NtS S0P ggnéeﬁeha% 'EHJn %@Q d%l:lg& %Hﬁs?dnéﬁts aﬁ’d’ Simuld® inSthe OPC

calculated e equat U, di sconfinuily
Popiaesss, wh ererulfimjte uealﬁle deamtth@nwa@@@?ﬁ bbaﬂgcmheml fhgHPPC ~process.

' nh@Q&}eF ¥h§‘r156gmg‘?§§p ohr3fd @ltagrﬁél{tﬁlg oP@kL Hﬁs@&%g@t Ifttllfbeﬂa]gfrhentmg is

waf er surface. he conposite 1 mage |ntenS|ty
ex HReTFREH theé‘melevaswesssntvaﬂ GetndegResErsict ar Wﬁ@ﬁracteﬂ If this ocours, the

| NHPADEe¥ss muft e a\éﬁﬁ ldd Gt e ehigl aﬁpiﬁzﬂ & th@ﬁa&%ﬁ@t

conposite inmage intensit does not nmmatch

25 conposifeEnineegy P FI@RdPRIPR 484} &WY%FGE%W@E*IM il{pgigation 600
angr ANQLARE of%xm-h'lgetblb@ﬂxeﬂh&idldg@ 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 ecdge

fragments 606. Thus, the sotution obtained is dependent upon the positions of the fragmented
30 points 604.




However, this simulation is nmuch faster than

simul ations using near field calculations, 20 After

engi neers have conpl eted design adjustnents and
simulations in the OPC process, Penul ti mate mask

desi gn Terseiveuh diersgiaen srrardaring equl ©HBe ppmagipy ploedge placement

"lot\ﬁ%\f ?‘FEPE aéff?}%@ h@&]uElQl) HRSi PdeniRE Qaﬁécnftﬁ@@g&mahm heQbtual position
t he mask eS| the fragnentin

1 P LK reeey @rﬁﬁ\ﬁn el e e G o O deint
over - cocr_rzﬂ] If this occurs, the OPC process nust
be run ag ahd new fragnmenting applied to the mask
sdesi gn EaaﬁedBEfr@gxﬁdnﬂgOGmWeﬁ moFddCﬁo aGes@RBb&BsAE&T)Nhere its contribution
t her

ex 9Bt %osib%m%s?f\ 53 Hnbnuagn]é Lnl"g ed og f/acfl éﬁe Qr%@?? gs i updated

metuhid delcag funcinotab@igesbr eaki ng a mask outline 602 at

fragnent e oi n quEen

edge fr g(r%%l%t 5 i‘a%é’agé"rl é)Q % ({% C%I spl %%eg r%“é‘é%qs ga?nemed

i nTtﬂérdffereI it Bmsssipér fpethel pmu¢da1att¢ro t¢t frandespeetd peowtgarected. When
g}r ngvg gagrg{l}%ﬁ 601{:1{1%035 Qlluwbk 9@%3%%9& g galduﬁxt ons ?fl(l)n again,

depen upon ositions o ragnen e
poi nts f@@amﬂgamwo HEG i v tergin it $hewg olsimnilifer illpstratient 700 of vertex OPC,

f “chﬁck&ﬁagg%%h h%{rﬁj@@m%ﬁ{mﬂé ﬁ@seﬁ)@‘ mt@gﬂ@n PYBEE displaces mask

error he difference

bet«m@ﬁ wmstepésqfuew f@g@elttﬁ@oéa(&%aﬂ (PRBE ARBH T, fpdengths of the

pl‘ E&Ee?ggﬂ@r{tst ﬁﬁlrbeﬂ)rn‘;g &ah@ole %ﬁ(y ﬁﬂé |n@atsl§der@ctes g acsh P@Satediy, in
C3, is defined c= Y t. EPE; j 5 Each
15ed§@hf‘|&%bh@}’%ﬁf6’@6m%mﬁﬁ‘é Hlsﬁlﬁ%ﬁmﬁ 6r°8b‘ia’é‘§‘bect ive
posi ti of Wasl ﬁle cB§ec@ @ﬁﬁlﬁdcbﬁlﬁtb Qﬁadletn‘@e t;(')'lﬁtr&:@§ﬁrefdldﬂ(bﬂlsﬁ£h that the
is_a mninmm position_of each %efra nen

S EDR GhheiBoite 6ConaR L1 G085 s PR e o TS BB JaBiacements of

Thesefnhadiad critdel N2 datRBAdEENirafitRl e irdep, Qﬁdé‘aldll’ateh algesrbleauy from
mask outline is fragnented. Therefore, 0SSi

o SRS PRSI O PGB8 TGP TR BEF el (e nimber of
200V QémsGanitE Elﬁit%@ eqdéhﬁaﬁhe &Qlki:hd)ﬁﬂ&@ﬁidérﬁ varfudiss. f hagea] e constraints

0|nts 604 e sel d and.the | cul ati ons fu
B aEe RGBT RGP E o ot RENE TR UL RO (¢ Sope of e
Si ipldiahdegofitb biust eqaki ©h TROp®Gftiow of tak e€¥eGagmbm 704 is then updated
accorda%ce Wi ment of the present

i nVEHET W“CQ\?SPSEI@WS%&‘P&%%I aces mask vertices 702
| nst ead}mﬂ‘muedgeplfaccﬁ@ﬂenars cﬁ&ﬁm@é‘d @sin® Vel TIRTART Jedge response

3"%’%@? }d n%dsl%(yh(ie%nrb nug’, con{;g% qgrp}éiﬁe 79 ﬂ’1 %géé'zgggcal theory of
r eriéﬁicedi Q‘GTDﬁ) antiFldphinéi theognd imagti fowetipn I’iéSlI}glePER, the intensity at
Corarta(?ml p%stmgl &%%'3%9{1%1 eraefur?cp&%ﬂﬁgvertlpp%ogk&?s" n the

corre Iance constraints are

defl nedf %&d@n&%ﬁ {ggrl )-EPBER e . pPYDES, (fr;, Foncern

Is zero. The reqU|red
d| S pI ac&emrﬁns obthe viries sk diygiided elemt T0Rginglgtobisibry ithegiew intensity
the irradi ance constraints, are cal cul ated
30a| geprseti’ el heym*ft?eeﬁs‘

)+ arGy =3 v, +au,|’

where U, = Y ,VDER,
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15

20

25

a systemof |inear equations. In order to solve the
system of |inear equations, the nunber of 20
constraints nust be equal to the number of independent
variables. In general, the constraints can be in any
form Fosudrafphal, t then, cxvnste ghet oderiPrenshi&c iempiegiangs: Al can
Ie the sl ope of the irradiance profile at d equal
> o pREDEsi tion of each edge fragnent 704 is then
updat edasr u'l)'Ile pwrmadi ance constraints are satisfied.
Opt i mum d| spl dcenent's are determined usi ng vertex
di f f r adf thorereegeplr@spansenall25 ("VDER'). VDER is
derived y %9,?1% /n’g goncepts cont ained in the
geonetrlc‘aT t rvy Ydiffraction ("GID') and
Hopki nSIfamh@%ak;;a.fntma@q);iced mati on. Using VDER the
intensit a tar position t can be witten as a
functl .o‘F h%m@ﬁ ’e»(b)pééltl ons: I'(r') =1 k |VDERK
(r' % . + VDERK (r', rN z \Wen
one of qhﬁém?}lé‘r“ﬁ’h ggis t?'e‘?gwegb&i spl aced about its
ori gi nah;/(pysi 2ut e pBgyl-i -esmsny 30 at target t
can be wr(u?tzﬁ ?ﬁc}’ X (r )&?f?}r(r ) = Zk JUk +t WUk 2
where Uk = ‘E MOER + B AASsum ng Uk))AUk t hen,
i gnoring hi gher oro‘ier terns, the intensity change Al
can bevlerpressed as: Al'(r') =1 k 2UKAWK |If the
vertex displ acer I, 5 AWK |z%-
VVDERK ( #; 5 DI ) A, filhe break points are
di spl aced, AUk = Y®pWDERK(r',rb) Arb The intensity
change is HRIR, BY ) AI'(r) = b | k 2UkV VDERK
(r', rbf= BZUTO—‘U;‘E’TF A-Xb + Bb AYb where aVDERK
(r', r,") Ab YKk 2 ax Bb = r?VDERK (r', r,, ) U
Given a total of N vertices, and assuming the vertices are displaced in such a way that
the displaced vertices still form a Manhattan polygon when they are rejoined, there are only NV
independent displacement variables. A “Manhattan polygon” is a convex polygon whose
(nonempty set of) vertices lie on the integer lattice, and whose (possibly empty set of) edges
cach have a slope of {0, 1, -1, o}. They are exactly integral bisubmodular polyhedra of
dimension two. Therefore, to solve for the required vertex displacements, N such equations

are needed.

Casting the system of equations in matrix formalism:

Au Bn Aw Bw Ax! Mz
: ' : Ayl Nz
: : Ax,, .

Ay By 0 Aw Buy NAyy Aly

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

solved.

10




k ay Gven a total of N vertices, and assum ng the
vertices are displaced in such a way that 15 the

di spl aced vertices still forma Manhattan pol ygon when
they are rejoined, there are only N independent

di spl adethenertexdepPRis meodalpgynise figdl pﬁ@f@g} Gai#pm jsgogdependent on

C%N&Jth@%aﬂg%hmq}*'ld @Q’I@UﬁtA{R'ﬁﬂs iﬂifl)dl))\/iﬁ‘f)ﬁdn&ﬂ@ tﬂefe&ire greater
on the int eg}g{:ﬁl attice, and whose fOSSI bl y

of(’eg@gsgggree r ﬁ(g{ﬁétl(al S’I[habéhcdyoléem T undipcogsﬁtio ﬁ% r—correctlon
arg a@X&al daVing fhe@datsobicsd bmodul ar p0| yhedr a of
di mension two. Therefore, to solv

Svertex Rafegmgale‘éﬁ%ﬁ’t% 8, Nessirdh shogt &t eﬁl%gsd‘a&‘fﬁ‘ %fra Yslﬁélggﬂég_csigning
Cagtridagdudchre pRyGhARe 90 Loptdihi @Ns dnfbotiitent of tﬁ@pmhﬂ ﬁimnuon The

?Ihlgstgxlwétsfprsfleskﬁ; nﬁtsgmg%nc{gc%%o% é:%?fls N %eresu (? ?cavery that at
t hgfestdwinglefjudamestal iiddknan t;qlvecthaptgﬁemg pmengd zetrccﬁtese thge are seven
he reqd red vert ex

pl 0
di @B‘F %ﬁ?‘%‘s %agﬂlsvfnﬁ %Oble%reseq . 10 In the vertex

10 based QRE seret Hodohegst, bludre afel maleatpgmmeoﬁopaa tfensing Slock 804, a
not . dependent ..on r () -
6( ﬁ]_,a %%"%’A%‘?% SdI%Sa Ic%ana}ngxf;}b&%lﬁg@ﬁlgn %HB%!nt@rﬁeb?ogg aSE)zg, aereatmg block
gr Ssla)t a1d a dhepersmsblofk ¥12.e&ddmffiorblads pactand indeprhdestly tintbe system

pr% éi génorggaé\%ﬂl%%ﬁil&gﬁ rp%S {n%l](s %50 OM 8" withl tﬂ%&; i}],ga(s tjnﬁf be included

avol I'me ‘and resources. 5 Referring now to
Fl @rio8s COtﬂm@rfeaﬂm ayailalli trghniguep InsdledapEgs BRTETes. 4ndgnpraaghes as well

15 f qu 91%8 h4 Qrg d1s§1%§9deQéPQHCt Ple B Qoﬁﬁmgﬁi 80sage QGSLBRE in the

an enbodi ment resent invention, The _system
f oappdegn@wm@o@ew@b% @&ckﬁ arp st s Restapyr fesignig semiconductor

w&n sdohe discovery that at tinmes a single
nental bl ock can sol ve the problens presented

but
of ten tfiheseto Br deiing urautieit alotersaditeryit varggs clements

t hgr wn%rﬁﬂﬁf LSRN BMLctidd) dihen, SRy Q&efokdﬁ@xﬂm&mc&iductor equipment
bl ocks are a treating block 802, a faqcusing %Ié@(;ck

04
20 5 andy cisgyiteh I"i‘i}j(’hb PREKS g6 anda %WB@FI I’BlFl%(B!ka daéan which are

adpastidBPtdeRhQACKG08s “Eib@PReS"] NThdkpedn f(&l&slgﬁ\ﬁgi s@miconductor
shar penl n bI ock 81 Each of the hloc can dt
i na \lj‘eCFlﬁeStl 1’1’%289@{1 A0 afd&m: 0%&1 Sélﬁ? ?,?6 semwon uc or photomask

Seﬂ&scgan@steﬁqorTmlmmmsk%el&%es a0tk \s.tmlbchrﬂucttdsre;ﬂetobiaﬂckes;gn 816,
ma ncl uded .vari gus c nmer ci

te ?’Yfﬂ %gntm}p@f PO P ‘?re‘EaS 5?188%8 aflg§¥ysgeﬁhkor 3631%1ngﬁem1conductor

25 aS pMdrhasks 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

30 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.
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15 as the invention disclosed herein. The six
fundanent al bl ocks are di scussed in the approximte
chronol ogy that the blocks are used in the system for
desi gni ng sem conduct or hot omasks 800. The system

for dedicghithficdenries ﬁlﬂ’a%tgg“r» B § AR SRS fogs P*ﬁw?/aﬁféelé%ht from the
VagiiQiied BhIRTRALS ontdh sEANIRIBb @Ik @¥ai | abl e

production, design, and devel opnent sem cond %t r

equi pmehthe atsulaiie okt F JOmRENIE FNagp - Rp s gihh fgpused simulated
MaRiHe Bh akEsimifhea Fabtbeastamdt @ call@taid Ab@fRal&r ® create a penultimate
geneticalhxa efian herein as "information". The

5 Sy ST ARYTHHK AGP e conduct or  phot omasks 800
recei ves thofcompming dnodir 0N, ahd evr@eitd 1fageSinehsigs calculated in the

seni conduct o ot omask .design system. The device 814

oerselra etk DA sCBR s dict aPeiSrEe PP PGBy o s, e

hastinipgsict imegrittemsity tsyexpoinat © veilsh crgehasipovierimagasensipe

syst .emhfx Ye %%ISJ%U%QI’IH ntaocge%§ 9 nggtgqtegtr . a‘?‘es Qeo tt ORS It(ﬁ'c'ai %ngiconductor

provi des ‘a’ phot onas esi gn specification to a
10phgmmnmskdwﬂm@t@@t@pmpgKﬂvam@nvgismﬁmmmstoring,.

Do conguis sp Rk R 410, B HRLORRS e KRy bl sos, e

f r oaudatifgblock 8pihe opdprsingblock B, pad the pdiudiooni blagk 808 are repeated

s R R R SRR @ "Dl ot ommsk

manuf adinaynig yshepsngrsbledn Ske thnyenuitnatce samifegdesior photomask

15 TR0, is RELGRSS by HovRPRECAEL RSty S sPIARH GlakiONerfes O] and y
or nore photonasks. In the treating bl ock 802, each of

t héireglienso it shaireyngoisneipies the phofaeledrsign specidiriisprat ed

i ght  SQILGE: nobdto NRX 1, thbRintifgholh GUBIWNHarbb Ok tBRKI00 or designing
simul ated | ens focuses sinmulated light fi-omthe

si FRIENERFI iPEMP e EY BtV H! B FIPLTEY o HwarEY fypntion. The

| ayethed b ihé1€dcE Bloidlrnatal thg sBhREHu8SEhoRmadiREEH heigiR@6ntinuity

intensity of the focused sbn¥lated, IL%ht on thr 1 ,
204 Pmptéfrbqulﬁmo&tggﬁuﬁcaﬁbgfé ¢ qigeoptiiuity, poigity gs sunulated light sources in a

alhslem @0'4E ﬁig{ls)i/ngtsﬂmﬂﬁtaﬁﬁ%t fopeash dfiﬁmadgeuzatsd B @mde Ucd Bbck 906;

ot onas esign. .In the conpayi lock 807, .the . .

R OrLTPE SRS PGSy A b Ape ST gl 15 verity the il

cakgitoatihdng phbtomksk8@Egn inSa BlodkRSLchatpenifig tharsgeiconductor photomask

conposi.te. j intensity, Thus, the conposite ima o

R § bR At 5T 9 b gt R 1 o oricuing
251 MagR aiphdtensk irys blédk 9ihe adj ust ment bl ock 808,

adjustnents, are made to it tri.al sem conductor . 1

oot omeiGuar Bregtaor Ry BT Al p R NERRRY Flfpy i spparts o

C ot @rdsexg .invertich hfernisk e pdriantgand | ek f@d Onknbive abd emdviifagle solutions,

bl ock,.802, t f.ocusing. bl ack, 804 | cul at

o1 SRt B AR e bl Mol proceees

bl ack cB@gustiensr epeata@ghtforward, economical, uncomplicated, highly versatile,
30  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 1s

to be understood that many alternatives, modifications, and variations will be apparent to
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until a target conposite inmage intensity is achieved.
Finally, in the sharpening block 812, the penultimte
sem conduct or photomask 15 design is sharpened by
novi ng the dlSCOﬂtIﬂUIt%- poi nts and/or mask vertices

i nthgseahideq in ¢ piéet jiabhef hypiregpiag PeiTiNg g S EnEl it dntended to

ph&ﬁlﬁﬂﬁ%ﬂ s&jcﬁsaltgrﬂatﬁ@oe ﬁlloﬁllﬁﬁeﬁ’bh@ And VASh@IE WAGH ROW/ithn dhb Sope of the
9, thereinis shown a flo h%}gf a. met hod 90Q for
de@Flgﬁlﬁdrféa‘m‘éer%\“c‘aﬁ%ftfc‘f‘@f‘“‘gﬂfatsﬁ SR efel YoRBYHAhEE APEpaying
anueRReHEBRMe iérpleRe ilneBR fhtive ANt DiitinglRAse. met hod
900 includes providing a trial sem conductor
5photornask desi gn having discontinuity 20 points in a
bl ock 902; treating each of the discontinuity points
as simulated |ight sources in a block 904; focusing
simulated Iight fromeach of the sinulated |ight
sources in a block 906; calculating a conposite inage
intensity of the focused sinulated light to verify the
trial sem conductor photomask design in a block 908;
shar peni ng the sem conduct or photonmask design in a

bl ock 910; and generating a photonask design
specification for use in fabricating 25 such a
photomask in a block 912. Thus, it has been di scovered
that the photonmask desi gni ng nethod and apparatus of
the present invention furnish inportant and heretofore
unknown and unavail abl e solutions, capabilities, and
functi onal advantages for designing photomasks. The
resul ting processes and configurations are

strai ghtforward, econom cal, unconplicated, highly
versatile, 30 accurate, sensitive, and effective, and
can be inplenented by adapting known conponents for
ready manufacturing, application, and utilization.
Wil e the invention has been described in conjunction
with a specific best node, it is to be understood
that many alternatives, nodifications, and variations
W Il be apparent to 12 those skilled in the art in
light of the aforegoing description. Accordingly, it
is intended to enbrace all such alternatives,

nodi fications, and variations which fall within the
scope of the included clainms. Al matters
hithertofore set forth herein or shown in the
acconpanying drawings are to be interpreted in an
illustrative and non-limting sense. 5 13 THE

I NVENTION CLAIMED I'S: 1. A nethod (900) for designing
sem conduct or phot omasks (104) conprising: providing
a trial sem conductor photonmask design (816) having

di scontinuity points
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(302); 5 treating each of the discontinuity points
(302) as sinulated light sources (202); focusing

si mul at ed Iight (306) fromeach of the sinmulated |ight
sources (302 cal cul ating a conposite image

i ntREEY YNGR %lﬁ\’&%@ed sinulated |ight (310) to
\S/ﬁgllr L)elljnt ES %Hgﬁ‘iop I?Qz)m gre dSIU %gnor n@go%td&goarfpﬁotdeskgg 0£}8c0mlarlsmg
(816) ; pandink® gehematonhgtoa ppd‘tmtl@kulsskgtd@géi)gmvmg dzscontmmty points
specificat|@g2(816) for use in fabricating such a
phot omask ( i 2. The nethod (900) of claiml
5 wher ei meatjpg @mh@f thg dmcdantingity powfs (8GN dusmolptephet sk (202);
desi gn Y :
15 shafan ARl RAERL, Bk oY B o o3 0hy
(816); cdﬂdnmgemomgwwpn@%@1m%wﬁw¢@hm@m§ﬂiwmahwdhQﬁCHO to verify
verti ces. ( 705y RIRRLLE BRI Ak fkfth iRy N sk
[
sen1coﬁ@ﬁﬁpmg&Eﬁﬁﬂéﬁ%@%mﬂﬁgT@ﬁwU%%%¥“Ey@hﬁvﬂﬁg t he
10 Mask %QneYa%B;t;' Cﬁﬁ)t(ﬁtli@lg)demér sp-EBlﬁceﬁ'ﬁB he g(fgpgge Qf a6l @tiM such a
| wher €l n provi a trial sem conduc phot omask
desi gn (816wmﬁﬁvﬂﬁé 08 scontinuity points (302) further
conprises providi |aI sem._conduct or phot omask
desi gn? (816?“HEVWW3W§DB PR WS r i bed in at | east
two di RRR&IRNSrialsemlBdaduti pactohQQksigf (S¢h)aamng disberigiiry points
cal cul ating s %ﬁposite i mage intensity 25 of the
focused si naPat light (310) further conprises
15 cal cul ahdriging tleaffieahikendutragotomatkaesipt 816©f t he
fo&Hﬁed S|§ulated light (310) to create a penultimate
sel'CBAYORESY  phot omask design (304). 5. The nethod
(900) ofovilira arikl swhioedustos hisrtgpesk depignn@14) hiahg mask vertices (702);
seniconductq{ phot omask design (816) further
conpri ses sharpening the trial sem conductor photomask
30 desh@nwﬁagame@@ﬂmgnm@nmgxrdhﬁ@n@bﬁk@mléﬁgbbynmvmgﬂWIH%k
o' esponse. §§’ %% em for designing sem conduct or
phot omasks Y 5? npr|5|ng a trial sem conductor

phot omgsk degi %th()@ 1@@0&%# Bafll SCORLERULLYAREI Nkl semiconductor
(302); 14 CIrCUItr for treatlgg each of the

di Bobmeshddsiey (P& hezvgng(%@)tma%y RAiR4RSerther gypprises 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

25  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

30 design (816) using vertex diffraction edge response.

6, A system for designing semiconductor photomasks (800) comprising:
a trial semiconductor photomask design (816) with discontinuity points (302);
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sources (202); circuitry (814) for focusing sinmulated

light (306) fromeach of the sinulated |ight sources

(302); 5 circuit ry (814) for calculating a conposite
|mage|nt thefo W -
to ver Ry TOnG B PLrt AT RENTT, AlHABRE Ron' R ot Bl g
(816); ci rcaquItC¢S)(2Q?8:L4) for shar peni ng t he

sem co - h i [

(814) Pgéﬁﬁépﬁé?)aﬁl" ?ﬁﬁ%ﬂg@g&gé 2)6) @tﬂl? §aicq:1)Jf G LifMlated light
speci fi cat isoncésdp0dse in fabri cat| ng such a phot omask

( 304) cxlfgut?y (STﬁefoﬁyﬁéu%é §Q91)1p(@fte ﬁllla%le Eﬂtélsf)(\p&r §é Boudel Qimulated

trial sem conductor photomask desig
di scont i nui light @&Prie ser{fBihpyrial @ﬂﬁucontiw@r@mt@mf* fisﬁ pdd);

for Sh@fr&x@cé’(@@i)tf hirpdniy (REMInCORNALGE l%toﬁms QBBE816); and
desi gn (816) further conprise: a trial sem conduct or

phot orrﬁ%‘FP“EVe@@h fqr e yratigvd ﬁbOt?fﬁ§K deeipt (@185 spepihiggtiongfay use in
15 circui trndc@ddb) subios ;ﬁ)hﬁ{ag@@o@g the trial
sem conduct or photomasi design (816) by noving the

V\YTESK verti CH&s{zs?&&I&OO)Sochhxeﬁs&&&em (800) of claimé
er ei tria cond tao k _.design
(836 et sl i e adel GLS SR BRD hts (3023 and
c onpr i siesirauifry (Sa4) ﬁslesrlrmtpm:mgmé wit] sephotdneshotbeskigdesign (816);
&f&f\ havi ng a pattern described in at |east two
Si"GHE20 9. The system (800) of claim6 wherein
t h e Ci mel tdnycc(nﬂd_d()r phmnmasaldemgna(ﬁ IMyaang cokposis R age

i nt en.Sic:tré/uit CUI or s %11 E) th%a:f‘t ch)ddg%l éh%g{)gr)aslz Hés‘%\e{g]ﬁ) by

conpri ses a co

i mage int enisp\tuygtbémmkefeﬁmﬁaﬂ@d simulated Iight (310)

to create a penultimte sem conductor p_hot omask

desi gn8( 304¥he welemTHENsYistlaim f gUBeinthectial MTBCORAHE] fhotomask
UhgoGh T @ T hdn (d?’sleéﬁtmtl% pehar e Bgikh %om ed Tal &l semiconductor

sem conduct or phot omask desi gn (816) further conprises

ci m@mntaﬁlyde@saﬁﬁ)m} giving Ha?tﬁf’éflﬁeﬁf@‘be‘% Rt fepst fyo dimensions.

sem conductor phot omask d si gn g816 usj n 5 ex
Odiffraétion gad@féteﬁne@B(Bn%fé: alrj}56 erein’ the circu ry 14) for calculating a

composite image intensity of the focused simulated light (310) further comprises circuitry
(814) for calculating a composite image intensity of the focused simulated light (310} to

create a penultimate semiconductor photomask design (304).

10.  The system (800) of claim 6 wherein the circuitry (814) for sharpening the
trial semiconductor photomask design (816) further comprises circuitry (814) for sharpening

the trial semiconductor photomask design (816) using vertex diffraction edge response.
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