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5144606US TI TLE OF THE | NVENTI ON [ 0001] Formul ati ons
wo-o006/08368Tt i on OF Cat echol i ¢ But anes, | ncl udi npCTMDER06/002823
Compounds, Into Ani mal s CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0002] This application clains the
benefiFETHOD WND SKISOEM FORaA MASKDBESARFTHOMR AP Kos .
GOA SEIR BT 1ONITBCHBUQUEASA SBDION IGIIGBIA L DREIMIZATION
2005, which applications are incorporated herein by
reference in their entireties. This application is
also related to an International Patent Application
filed sinultaneously with the present application and
identified as Attorney Docket No. 682714- 9WD,
entitled "Oral Fornul ations For Delivery OF Catecholic
But anes | ncl udi ng NDGA Conpounds, " the disclosure of
whi ch is hereby incorporated herein by reference in
its entirety. BACKGROUND OF THE | NVENTI ON [ 0003] This
application relates to conpositions, including
injectible fornmulations and nethods for adm nistration
of catecholic butanes, including NDGA conpounds, such
as NDGA derivatives, for exanple tetra-O nethyl NDGA,
to animals, such as humans, for treatnment of diseases,
for exanple, cancer, psoriasis or other proliferative
or inflammatory di seases, netabolic di seases such as
di abetes or neuronal diseases including
neur odegener g ACRGROEGNDOF THETNAEMTION ner' s
di sease, stroke, anyotrophic |ateral sclerosis and
Par ki pnson' s dlsease [ 0004] Nordi hydroguai aretic acid
mNb@ﬁﬁﬁ Iygai®en tested for therapeutic applications
in certain experinmental animals. For exanple, Jordan
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subculitheewspby (MiLh an abwwﬁﬁvaﬂpsﬁgﬁﬁ @Rgﬁ M ce
t hat devel oped tunDrs were injected with various doses
f ﬁ%g%% day 1, in a single intratunor injection.
?ﬁ% 0 dgi i zing solvent for the NDGA in this exanple
was not disclosed. In another exanple, a stock
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di net myadulators 56Me)-* Ann. KY. Acad. Set 243: 497-5086,
January 27, 1975.) If the catecholic butanes,
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such as NDGA derivatives, for exanple,

Furthernore, it would be desirable if such
formul ati ons are not only safe but al so stable, have
m nimal side effects upon adm nistration to ani mals.
It would further be desirable to devel op fornul ations
for t hese conpounds t hat woul d allom1d|str|but|on of
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injection into animals. [0008] It is another one of
the objects to provide fornul ati ons as above that are
WG 2608/083%85 have few adverse side effects when PCT/US2006/002823
adm ni stered to animals, including humans. [0009] It
is another one of the objects to provide fornul ations
as one or nore of the foregoing that have a-
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i nvent1-on, ere are s |nth raw ngs I men
whi ch aeer npteme of the ipragé ex residt), the imhgaibpiirhigation approach
under st ood, -however, that the invention is not limted
to the enbodi ments shown. [0017] In the draw ngs:
[0018] FIG 1 conprises FIGS. 1A and IB and depicts
the results of cell proliferation assays conducted for
the C-33A cell line and the HeLa cell line after MN
treat rrent FI G IA |s a graph| cal represent atl on of
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nmeasur enents based on percentage of dead cells for

C-33A cells and HelLa cells in the absence orpresence
wobomsas3ssfng concentrations OFMAN in a DVSO ( Fl BCT/283006/002823

formulation or in a HP-b- CO/YPEG formul ation (FIG

2B). The MAN concentrations varied fromOfMMto 80 nmM

[0020] FIG 3 conprises FIGS. 3A and 3B and is a
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b-cycl odextrin ("HP-b-CD') and 25% (v/v) PEG 300. FIG
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I i thm c o] Lon. DET D\ ntiionts
P oy oirlh%F‘q‘l‘F‘f‘ié Bﬁﬁﬁ%&%‘%ﬁé@l%@%&‘?ﬂmﬁ?n’
pr es e mbwienrefititsosonipaeativaigshi flo tompwtetionab oged s datlo iteration

kits and nethods, for treatnent, of diseases, .includjn
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“carrier) constitute fornul ati ons appropriate for
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of di . .ornmul ations are suitable for

i nj ects(s(gﬁ, esebsgﬁﬁg‘gg'i ntravenous adm ni stration. A

sui tabl e pharmaceutically acceptable carrier includes
at. | east one_selected from (a) a ter-sol uble
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400 nonof aur a g propylene glycol ("PG"); polyvinyl
pyr r ol statenewill' RYPEYs, bet Approkimabee naljiioughcdieolerror of this

cyel odRrRTHAL e Wodh RS fordiedl bty chat
(" HP- by£D" 3mSl  Sedchppett Y1 toet iy kol odesoluitioR  length;

("SBE-b-CD"); (c) an ionic, non-ionic or anphipathic
surfactant, such as pol yoxyet hyl ene sorbitan

ol aur at . n o) rhahe) ' .S
T o B, oo B OGRS RAROR) Suckpd Slhstoring
pol ysosiRélk geBallycdmsy satisflyltlye eotmirhintyl inpascdiovetefa hy ¢e
or Tween(r) 80, d-al pha-tocopheryl polyethylene g]ycol
1000 sbleinisgl desigyHous 9Rt1°§ll§/§b\“8Pd‘Fﬁ§’r?o§9Fﬂé%S clog Feycing
known -0 : 0. i £ f .
aci d e S e Fithsi FUROBUERE heo@RurfHh Bty Al oadebings
castor oil in a nolar ratio of 35:1, comercially
avai |l abl e as Crenophor(r) EL; (d) a nodified
cellul ose, such as ethyl cellulose ("EC"),
hydr oxyl propyl nethyl cel | uldse ("HPMC"),
nmet hyl cel | ul ose ("MC') or carboxy mnethyl cel | ul ose
("&MC'); and (e) a water-insoluble Iipid, such as oil
or a fat emulsion, for exanple Intralipid(r).

-~ . 1 o - - o I



cel lul oses include EC or HPMC, for exanple. For

pur poses herein, solubilization of the present
w@ooposssds can be perforned at room tenperat ur BCDUS200€002823

heating. Particularly useful are those solubilizers

that maintain the present conpounds in solution after

cool -down when heat is applied in the solubilization

pr oceddis gmvRATovevensinfeducss ruighh dessewbishi iveenerally npe

i nvent,i grr 1the catechol i ¢ butane or NDGA conpounds

herelﬁ 8 Solubilized in a nodified cellul ose such as

EC or HPMC. The EC can be diluted in ethanol ("EtOH")

prior to use. [0025} The resent invention al so
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mat eri al or |nject|on or |n usion of the co 03|t|on
into esquans ofilep SUdhwils ai reek-valesdograyiong \fl‘l}ese ualsﬁimngmons

t hat |s ati bl e rdelver
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. [0031] The term "active pharmaceutical ingredient,
"API" or reference to the "conpounds" as used herein
means any of the catecholict butanes of Formula | or
t he NDGA conpounds, such as the NDGA derivatives,
present in the phar maceuti cal conpositions herein.
[0032] AI kyI ene di oxy" as used here| n refers to
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car boxygl utam c acid, phosphoserine, phosphot hreoni ne,
phosphot yr osi ne, N-net hyl argi ni ne, Nacetyl |l ysine, and
w@nooklodseds met hyl - substituted am no aci d resi duPCT/OB2086/002823
salt of any of the foregoing, such as a chloride
salt.[0034] The "buffer" suitable for use herein

i ncl udes ag%h buf fer_ conventional in the art, ;such as,
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conponent s OpR{HIESGRARARY OPTHE NEVEKITRONL he active
phar maceutical 1 ngredient. The carrier nmay contain
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(a-cy ' . ((bagyel o 110) 4514 .
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possi bl e (primary substitutions are defined as
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sclerosis, anyotrophic lateral sclerosis ("ALS") and

premal i gnant conditions such as intraepithelial

neopl asi a or dysplasia, andsinfectious di seases.

[0040] "GAN' or "tetra-N, N-di nethyl glycinyl NDGA" or

"tetra-dinmethyl glycinyl NDGA" as used herein is an

NDGA derivative of Formula Il (below in which R14 ,
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[ 0045] "NDGA" as used herein neans
nor di hydroguai aretic acid and has the foll ow ng

wo ovoao83wss [ 0046] " NDGA compound” as used her ei PCTVESZU96/002823
singly or collectively NDGA and/ or any one or nore of
the NDGA derivatives.[0047] "NDGA derivative" as used
herein neans a derivative of NDGA having a For rrulfaﬂ{el

WHBki n R1More ppecifically, dbg) gtobab QpHIIZ e dRwIuey 0

o= OHL- P .
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NDGA fdakidablet condiBions tthig ImatEdGA, spfiRidnly dikadDand tie partidea
(MN and no- O net MLN).. Alternatiyel

DA, QBRI EROE T (B SEVEGHBARR iAo EFHEs:e) 08 g o
of the Mma@eeRzus N the hydroxyl or nethyl groups of
NDGA are substituted, such as, for exanple where Rl14,

U] R 6 abhilike theQGT iappropeinuieied Riovieetbe edebal eptimizatiny
al kox a | owe cyl ax r_an_anj ACI

subst I¥§cﬁp@ge ahi noe° a%’ie%%&&é’ gﬂpnt %pg%?? g%}gﬁﬁlsgfoarnéh ©
Ri O eashbtlahge pe ke flodMlatiep casbilittes -dfl the SAM pidteld. aych
as a |lower alkyl. The termincludes, faor exangl e, a
conpotiesdlti HelitHpeshcan be elpmater gt significantly ggdyeed. I fact,
i ndep : I on B Iz =

di sub??ﬂf%lggaéﬁﬁgﬁgﬁgi%d rteS| d%eo?pgﬁt%&ﬁg?b@ngawpﬁd
N, N- dige@mhétyibs.subst i t ut ed am no aci d residue, such as

- C=0) CH - QQ C=O) CH 2N+ 2-C . and R18
ITEURC oo AiiiagAE s i he ARREPN siRgtees, o frodifin e
exanPly@ailabfdiod 88 SIMM 2hdFastbPAASH nﬁﬁ?‘%@ ohah&i fresent

"percent,"” "percentage” or the synb means t he
per cefvegtion han bewpefnkin reprduciagsa ideplidiacebidsalspatican

based _on 1 he t . ' pr.es j

corpodtii b IR e BhkleP T FberBluelpt Sieh it iFis o
(W V) idpledhtionavdlysios fhotomaskasThengeseat Bdentidnnprovides
respect to any partjcular conmponent, all based on the
amounfONM}E Witk 2 capshilety tpcaalinney Plases Q‘L%Pé’ giiong fbat are
Thus, .dj : : : in an
amounf Oy A RE IR ORTRAGR Dalbsasf 1BORRRRY,
0@2i] ude t e potedestoweothet lgbAPIoptimiratiomoiecimiqe whith

may be indicated as ,a % or .a gertain nb f.

o SseRresPit ERetienndeerd oh Stk fr 12Rof WoSE PR

g/ ML s@kie&an the apPRIpRiate O Mits 0B (¥, bhd Rasieazif8 tHeizht

amount of the total carrier present in theconposition.

Cer t ailgpst yS¥1s edtegoay rafepensiaipisharepthes mggulation limitations
b . o .

el B S

I s norftexilting minegiipdlents at the dosages and
concentrations enployed, and,is conpatible with aqther

ilABF A di ent Ansther fwpeitasrastialy onfis stales @b the pixpls 1s that
carri : 10 Ml t ;

cat cchop i AU RBICG: BRRb Al e SR ESeRion of
pr ef erthblfield de shaektended pugil,omuttiplied dpyagescalsng fabtat GEr
conmpounds that are known to be del eterious to such. A
phar mE€eHE4¥hI | y acceptabl e carrier conprises a

sol ubil'i zing agent. Suitable pharmaceutically
acceptable carriers include, but are not limted to,
wat er, dextrose, glycerol, saline, ethanol, buffer,
Cremaphor (r) EL, phosphate buffered saline, PEG 300,
PEG 400, nodified cyclodextrin, and conbi nations
thereof, all as set forth above. [0050] The term
"pharnmaceutical |y acceptabl e excipient,"” includes
vehi cl es, adjuvants, or diluents or other auxiliary
subst ances, such as those conventional in the art,

.y I




sport animals, and manmmal i an pets. [0053] A
"substantially purified" conpound in reference to the

W@ 2406083585 ¢ but anes or NDGA compounds or deri VRCT/VER06/002823
for adm nistration herein is one that is substantially
free of materials that are not the catecholic butane,
NDGA conpounds or NDGA derivatjves (hereafter

10931 NDGA Hhe eglobal sopfimizgjios, fsshniayasapioyided da the present

at le 209 SN dBieiid! e

pref e?}g‘}t?fl@g}g%’i tgwglgs tf}é%?ﬂ?ef t}%gﬁl Piore pr e%?égbﬁ%?%atms m

| east oaded W re800§ oreliatinat®lightjosfie rablting@MLgagtmabout

90% free and still nore_ preferabl that | east aphout 95%
%Qf]

9] of  nofiNfsAetiics AR pdvaniag PBreEE dnvrEien 3 Welhe
terns . %gﬁg i ' L f

obt ai r??‘r%eea eS|é rmel(é OBE%?&H%%W%%@% glgﬁédrlé%ﬁ%%el Iggsle?:lp
ef f ectinvelitien, ebifee ciesanibgd bim pietydh pekst i with rrefeenvs &f the
conpletely or, parti.ally preventing a condition or

di sead® P@W%ﬁﬁ'ﬁ'@ﬁ%r eof and/or may be therapeutic
interns of a partial or conplete cure for a condition
or di sease and/or adverse affect attributable to

t hecond BRIBR DESCGRIBEHIN OF THEDNRANWINGYRUsSURESr

exanpl e, covers any treatnent of a condition or

di sease in a marmal, particularly in a human, and
i[0e2Skdes: (Thp aprompenyinggiraviage whightaremcerporitesdiesein fpdm

occurring..in a subject whi.ch. may. r edi t e
condi tcf’%%mbt‘? *Eﬁréé’gs ebﬁ?f‘mﬁg%mﬁ’c)tlnlgs&a? gglr?%gl?lgeglgsog gcfhas
havi ngréskat {kntidihiakd,! togethbhevitotdl périal OdesCifdAs given
such as, arresting.its Ogeye_l opnment; and. (c) relieving,
al I ev iR Tedd e debiled desoringiontse B sarooHisReTiy 2P Below;
such d : ' Si .

condi g oI FincR e R R al e
i[0020)t i on IKGf Listdiedoclddisgmirbifdstrationios & madkdess hithegspbyd

that this inventionJjs not . limted to rticylar
embodiSYERPSTYeUEsd Hid prranged fprenEl c%ﬁ‘@&ﬂr?ﬁ)fﬁ% of
I't is R pRsdnPirRentidieler stood that the term nol ogy used
herein i's for the purpose of describing particular .
dB8BAi ment FlonRyis aarillusteationtofi atcasdbvrensonsd nifraf gfiddn
since the,.,sc Q 4 dnvention wll be

i it &8“3%?‘&%‘5*9%%%%%@r‘]r%’;ég‘ﬁé‘i"ai ms. [0056] Wiere a
rjpozsy of valiges issanpillovicaiog, ofl 4 tvs dimewsiciabadrrbhatid in
each interveni n,ﬁugal ue, to the tenth of the unit of
the | GResrdpmosiviinhe prsentpdveaBpbext clearly dictates
%bﬁéw se, et 4Lk ilﬁ@tr%tébg&eéf PBUARE order rﬁb&?rﬁfgeﬁéi%d

range and any ot her sta or intervening value in

t hat dtyanddeal angle in acsoxiaucempitls thepresentinvention;

[ tion. e upper and lower Limts of these.snal.ler

r@ﬁg@s may F;Eﬁ'd e%éﬁd%‘ht‘ﬂﬁs%gmp ng* Jgf%‘bwﬁ] lpnger ;"#?BH”@P"H

r angesprolBs afc> shalier EREBIRARBS &E dadtbidante tigh | My e pieban,

subj ect to any specifically excluded [imt in the

st at ednyentige. Wiere the stated range includes one or
of th i mts, r : LN ' t f

CRRRUCT e A 15 ok PG RGL Sl g ShACEE B ohP Al

i nventdoefficidn®én/hoth poditisd atiborivatagidn b ai edige; used

herein, the singular f

orns_"a",. "an", . and."the"
i 9832de pl JAS 7ristaegephisal Mustsadion e mapmsing Bghiless vs.
di ct at < hus. - f f ra
compouign pEEhE of plting rc B AR Reah kPR R0l ot
r ef er aehe present inveatidi)GA conpound” i ncl udes reference to
one or nore NDGA conpounds, such as NDGA derivatives,
and equi val ents thereof known to those skilled in the
art. [0058] Al publications nentioned herein,
i ncludi ng patents, patent applications, and journa
articles are incorporated herein by reference in their
entireties including the references cited therein,
whi ch are al so i ncorporated herein by reference in
their entireties. [0059] The publications discussed



the art. For exanple, such conpounds can be nmade as
described in US Patent 5,008,294. [0063] Preparation

WOR00bI0836BIDGA Deri vatives [0064] NDGA nay be pupchasmde/002823

fromany avail able comerci al sources, such as, for
exanpl e, Al exi s Biochenmicals Corp., San Diego, CA
ﬁ3ﬁ (Cat LKT- N5669) or AG Scientific, Inc.
ego, &Jl% apflopcdiegrano of N agmplaty @efhoeinof an’

Cheni cgl; US A (Cat. No.
70300) . ?ogggi le]ge%qu\?gﬁn\(}es and formnul ati ons

t19834Jof carFIte 9rimalelooy dimyanp bﬁ@tﬁé}&nﬁﬂﬁy%ﬁﬁlbﬁﬁ%ys'té?n bhe

art. %%1(15 anpl e, fthhe NDGA derivatives can be nade as
descr i Fgh periopsoishe present inygptiomenn hopramticedht

6, 291, 524; Hw, J.R et al. (1998); or MDonald, R W
et al. (2001). [0066] In one enbodi nent of the present
i nvent i on DEMAINBRADBSCRIBEIONQOFITHE ENVENEIOM NDGA,

al so known as

neso- |, 4- bi s(3, 4-di met hoxyphenyl ) - 2, 3-di net hyl but ane,
dﬂO-‘ﬁﬂN i s Thedbllawidgldkiilsd dascsipiot IdfnthbSprBME invention

cont ai_n and pot assi um hydroxi de_in nethanol in
ar eacrf’f B% tf’ngék acey g é@"f’%ﬁ% that tlﬂbﬁfaéﬁjo%@mlﬁry
the reafdodBRerftd a&sisRAd v&tﬂi‘xethfseﬁ%ﬂtfoﬂ 'é ﬂ?(ﬂmteﬁtts are

pr oceed. The reaction is final quenc
causi mgstible, sdomadificationsrmaay bé tmltie to ﬂlaeembc&hmpmtts atithin S

i sola [ tr t| and dri acuum oven. . The
con‘pofﬁ%sﬁ% %dn dskd 988“?911 eﬂ’fb‘%ﬂ’ter fgﬁ ovrag Hgtailed
chl or iddgcriptidn mtcw mantacaduﬁm@weﬁﬂbﬁ YRMES feQofdBrahgh
an al uni na columm. The solvents are renovéd by rotary

evaporBY§BAm isiflefinedby teiappended elginpended | n

[ opanol I ti dlt

10950 02000 e B, PO o
t et r ai@ommiraty| tNDGReafvéN) of stidg yaivahtidzed e r @idclbsédg

the fil er ca sopr ol and re-isqglating the
crystd& k(e)( Fﬁ’f‘?lbrfg‘ ‘F‘ng’ﬂhel HveRion. ek dcorm s ths
t he pﬁlﬁ&ﬁﬁén Is i @ to G dhBioRod DB HEERY! THERvRhd®

present invention, such as (AN,
neso- fis dﬁfmpépsthw:(la;m@pp@ﬂadwhmocet oxy) phenyl] (2R 39)

e o s SR EHGE: dedtheY] ks, Plisemitinin e
havi ngpaification o d'ofiel eaibolnesnt's . "af SRS A 'Rh SRARBL

accord%g&ito conventional nethods, as described in,

for efabpfimentis cis mdicats, thet the enjbodwemt(sr deserited ameyof
the Themarew pLti®IPRINL, OQ:ﬁlc[:lQQ 63) ﬁt‘%ct@ﬁ&ﬁ:e Wat every
i nvention provi des conmposSitions,” Inc

phar ng@bodimsat manpti hecessarilyc dngludes ithg pdﬂﬁctﬁat €edngb) C

butan i nclu , such as the
ger s ?r\/cglgx ?gsﬁ%ﬁo Mé’ P5cHP nphpgcawralt s
( API teferriap do mmﬁﬁﬁdcﬁlﬁbﬁﬂFﬁ‘x@l?&%ﬁm 8 paffc Eia? FSanfl
exci pients. Typically, the conpositions 8 e i nstant
i nvenﬁ‘i‘"&?ﬁmﬁn |qr @bﬁ@@ﬁmsmr mndee@zbedhan cinpedtion. mu vatav )

P o SR aflod B8, 15 WABUE R RS Gt one
i ncl usklﬂql frhthe NIDCR e@éﬁﬂ@ukﬂﬁﬁeaﬁﬁ@ ﬂ@@ﬁr@%'cﬁ%&%ﬁﬁtc in,
her ei n; %)tl onal |y, the present invention will contain

about CaBeetign, \Wiily” ofber, t cnfipshiments ) whetheth eorAmbt - Explizioly
The pg&sgidg. i nvention additional 'y provides
conpositions in which the catecholic butanes, such as

[038] der i vEtwordd be fapparentanpine MANJ iartBe Bft@BRthe })fbsent
concentr t| ons ,of gbout 1 ng/ i to about 200

about miren 1Ry At desgrt eéiollﬁlo‘f{’ﬁa)‘rﬁ? AP eotenfﬁéommaam difarent
to about 150 ng/ni, or about 30 ngy/nL to about 125
ng/ m., or about 40 ng/nL to about 100 ng/nL, or about
50 ng/nL to about 75 ng/nL.81n one enbodi nent, the
NDGA conpounds are present in the conpositions herein
at a concentration about 1 ng/ni, about 2 ng/nlL, about
2 5 rTg/m_ about 5 rTg/m_ about 10 rTg/m_ about 15

I I I o a2




solubilizing agents in which the APl is dissolved. The

phar maceutically acceptable carrier or excipient my
wa@daiswsaal |y contain a diluent. [0073] |n onerPCT/US2006/002823

enbodi nent, the invention provides a solubilizing

agent that contains one or nore of a water-soluble

organi c sol vent, other than DVMSO Anobng preferred
wat er exsbodipieatsopf dardwars| eediens the eonditisa nlustraieh Ay the

al coh I

Sucn vt PH BEREAR anlf onyyiGh P he RACHREANIGS
PEG cofilp osen desdfibed ewiiii ethe nindessiand gt ltlmmSmb&ﬁpatmns dadl
in an anount of about 5% to about .10Q0% or ab Ggé)/oto
about V&trieng ot fsoermbadinents ageBotsidR Ve thersvR o

about %gg frePhe gig%to about 70% or about 40%to about
60% 3 concentratl ons bei ng a percentage of

yag3ane/ vol Blye;vz(wa/))ackgﬁéuné,yFK}a Ppises datuckadlagam view of a
concentratio P?’é{m 5% to about 100%

[ 0074masiHgssc Hle%% tiSYPter ARBEPEGT: ApY g M,
Pr eseplLGAIRAS! df e;ﬁ'é’é%nﬁ’ qh¥erfBREN AN F1GNT Waatm RkiaeY
solubilizers or diluents or excipients are al so

pr eselithogfaphy esxaﬁtpl K0 nhlkders cantiol HEEMG02. orThPE@ntt@b
nonol aur atelé) H@B@r esent tl nvention can _be a ser
conce RSt Bt SEtST EeSioqe. BB 10530
about 1&&%%&58%%& % eadiih wda%o RbaUdats 86 insthRtihg 380
about 40% about 45% about 50% about 55% about 60%
about mEskisssdithegraphysystamd0 to smdughdptinigdpsticabout 85%

90% l; r
I, oo 2 18k PRy o3 i BCh FIRAINS Mtk SRR O RO
The phm&eml rgmﬂwpﬁlsesmf&igﬁofrmnm/hglﬁ?ommamsh s omsxaher
cat echol i ¢ but ane N co nds i.n
cycl odfSSE PF $OmGHOtRET F‘H@BGAE@S%GI:IJW’QGU% areshrsism nkhe
The C?Sﬁig@&*ﬁ trsba%e@@maauﬁm tbabeaxﬁyahygaaﬁ L0 which is

b-cyclfodextFin, g-cyclodextrin, and the nodif
cycl otpitalliynan naagmmphicumtempiham i@Eudgsda SBE%Sootﬂrnsmto

exarrpl e. . |l n.one.enbodi t he t conmp

cont ai’fFate aﬂ%s&eﬁunala“"%%%a%%r‘?ﬁ‘?ﬁ ﬁghg ggrﬁlcpén Cg{ilbgn Of
about poafied @ 80% Wik atlighO Yoo AbAULe BEA rak
about 20%t§ﬁg§ggﬂcte 60% grﬁgggoultghsogl/?to abou? 50%r a}lll
such d@ﬁeselmagedwﬁ@m@grwgn@bkst@ﬁaaé & percentage of

AL 0\ LB SR

pr eselp‘atta:rn datael ldf)orqpmseﬂtatm\msofat degirgtdn dighatgraphicorattefn, and

about 12.5 about 15% out 20% about 25% t
200 " aifist ha S BB v e ab e Hae 10 ASvE LB P D (RO IS

55% bR Wait&d %atPDOUE afde YnoRh ok the/RPaOmaddRYdut Galkh TR |

such concentrations being given as a percentage of

wei ghﬂllghbtftﬂvete(lvﬁmn)l progarmablerastayet O henseratheerchcthe :ISO
or v (1D a6 BRE o ouil oA 1, 1B ARYoBBLUBFO M

I nventd @&l 6n dBageOst the objEot b® eCsubktrateahd 2t toireduce the
surfactant, such as Crempphor(r) EL, pol ysorbat es,

whi ch izege rompaEs do sthef distearions alotheoRifsh-e, A pattern,
| b
Cva | SpE S 206 85 YR06 BhE T, SOTRE e guie o

I s an phopkensitivei surfiue fofctubsttate 4D guatinmy aotvhfer substrate,
Furt her exarrpl es of SUI tabl e surfactants inclu

wi t hoUhieh 1 Bems s5anne |a§fa@9ataq% ltGafs tafigSiand by those
esteridel gdnfiatiy A€ fh a&hgas% att RASH w%reﬁuea SRSandY
transesterlflcatloﬁo vedetable oils allable in
several varieties and grades as Labrafil (r),

Labrasol (r), and Gelucire(r), from Gattefosse Corp.,
Paranmus, NJ, U . S. A The surfactant can be present in
any desired effective anount, such as at a
concentration of about 1% (v/v) to about 100% (v/Vv),
preferably about 9% (v/v) to about 80% (v/v), and nore
preferably, about 10%(v/v) to about 50%(v/v) As

e - o o o Y o oy o s o




percentages of nodified cellulose are in weight per

volume (wv). [0079] Another pharmaceutically
w@ewepsmwhs e carrier or excipient that my be uBeDustoose2823

or with others in the conposition of the present

invention is a water-insoluble |ipid, such as an oil

or m xed fat enul sion. Exanples of oils include corn

oi |, pheiasmsitize gudide, 1 iPepisetontainedoin the gugtyemmably array

e s 105 Hempb By PHaBRE! B ani i 5 pARRT {36
fovazql i pi d(rhe P&@‘eﬁtsh%mioﬁ%umﬁﬁiaim@@ﬂuabpmeelhhﬁl@&@]ﬁgﬁhe

wat er-i nsol uble carriers may be used in conbinatjon
wi th 08§, asslscussedpbaveptienepdingandhe pasterppnd thy illyraingtion

such PE u C 108UC :
Tween Ry SRTRRSH 34 gt MRt OTHARKE 108 RolPing]
|'i pi ddiadnsions shet are beffipicaSe Binaller thmy titessolatore lifvdg tthe/ e
anmount, such as a concentration of about 10% ( /ﬁ to
about glababeoptimigation teglgbqre PEokhe \present Jnugion )é@ tates
(v/v) : ( ) :abo 75%,; ( e's

be pr énsag{]ht“?é@:?ﬂ %\ %\g)(r}}/fzzeﬂ/netmr/aﬁﬁéﬁagf Hg 0%319%%62(%/1{1/ ic;[ﬁﬁsy
about rdfed®cing thg pupil field withtlitdernt 0 waualeyrooe present

69 concentratjon of about 0%0% WY .toaé]gbout 30%
{ J; and Apher e&brfvs%aﬁﬁl 8o8Y Wl%%t!on[ g3 pasterization
Conbi pat RNSLIAE thitenMNR hoMRatidd plifliple® MRANARKS BBWele

used wth the API, as noted above. One non-limting
exanplapprokinsaieth bin gadonésaentGlobalt opimigatigenelsy allows

preferred i.s GO sjtion of ' 50

P vy PSS T E B drp " faheccr B e MiPlokhatigito be

carri gffleentflg av&kae. suitable for injection into

animals ("Wl ," which designates. a recognized grade ?f
Al i n ot veatghanotics siay; glabal optinigatigy engblesiggmpltation o

prefe i . P: ;

O LSRR B BB bR prERler o8 e et

enbodiofitint ficldrie thweP© pupil.hiThe tdesiresiciigié i fhet D pupil can be

i nventj op, .as noted above. [008 .t is be

under ShoBd Bom Sy SRk bb R HE SEVE i gustom-
her ei QegbRedphSHP HERIOrRARIng GHBLE imBgd NWith H&ved YP6peRfies.
nore of The solubilizers or diluents or excipients
her ei OmMuyhdhparhgficht PO psnd affeting thenaerigl Bpagenesds to be
del i V%rﬁigfr %uch to a subject in need of such

treat e %.TB 84] I n another enbodi nent, the invention
qo@4s]des a Thel avendf the PO pwpibadtudlly affecting dre dehial imape is
suitable for injection. In gne_aspect of the

i nventPBef . haerssenial ool pupil yFIr 3 rRartipllyy reberset (B
COMPOSitifinel . . | et ] i 5

used zléﬁrgﬂfét}niné etﬁits.%faOOS S?ﬁpgﬁ)gﬂ r érgg ec gltl‘itdg{gll?d;bgg%e%{?? bl %
car r i epsrcorwith thepemericat aperibk dNAJr citde  Hdieegieraled PO

d i bed .i i ety of | i cati.ons. Ex f .
isef uipigis M slles oot Y doRBtHRE Bie, SEGTRLED) Sloit
exanpldatchinp AL Opupft Beld( 38R the'\BSRhtial-PO. p&il dbr, as a
(2004); Rowe, R'C’ et al. (2003); and Garg, S. et al.
( 2001)simpHiREpn, THhe edensisdi RO dnwil) rallowsane oo compety the

i ncl ude_.a. buf whi-6h d
aosi r amgaty s Sl ey BECRE & SRR hOE,
CONPOWaeSspondiz tathis beeddo@howes.i Vhikicumept Brddieesed ahae

i nclude other substances _appropriate for the intended
use. THBYbelewiin referenee toddGattt can readily sel ect an

pri at fer. . 1.d ' : [
TDAGIE" o B, ' KA EkAafln MU il SyveREHE
Ther aprattuse thétgbnstslly HGBBheaDhfinciorpdasctibiap the defteadenicag
the catecholic butanes, including the NDGA conpounds,
find use as therapeutic agents or for treatnent in
subjects in need of such tneatnment in any nunber of
di seases in which such catecholic butanes or NDGA
conmpounds can be used. [0089] The present invention
provi des for methods and conpositions for treatnent of

o o o o N .




i nvention provides for treatnent of neurol ogica

di seases, including central nervous system di seases
wa@pabeneissddegener ati ve di seases such as Al zhei PET/US2006/002823

di sease, denentia, amyotrophic lateral sclerosis and

Par ki nson' s di sease. In a further enbodi nent, the

present invention provides for treatnent of
i nf ecof resfield astosadhe pxiandedrifupil oo the madwlaigf wipte of thees

that requiye | ..bl nding,for transcripti S

ol  BEEF SRl BB R it ARGEcBlentinBlion s o us,
bi ndi pQlihdag| gagondl afprodithdiontHPVThisSY, vatiBViorEBMM pixels
Varicel | a- zoster virus, adenovirus, parvovirus and JC
vi r us producigpreak valied graytanes (8. rdiingiautas)aprovided dhal thee
accorig&&éég&lflﬁﬂgg%&hv t hods, including human and
non- htiman ani ma g. neral 'y such hosts are "nmammal s"
Q0047remmal Watien'"a lntear grayioas epproxinmtion ¢ nia edlid) foaekaynplieo
descri be organi sns which are w hinygge_cl SS

manma Pt Be caseQl pastoning merers e SeRHAR 'édltl%a@ﬁ,fat%fdﬁ“&he
and ¢ , i . | 108, i~@nd
ot her Dot R 1P o rosHpE FeglinS is BTl Tlatich
r abbi Fer genagie, comirdstplevives, es pfréicgar embodimsnt of the present

chi npanzees, and nonkeys)..|n many enbodi nents, the
host s Wemw‘b%a“ﬁlﬁf’éﬁgto M%%ﬂ’é‘%ﬁ@%?(ﬁf i nterest
f[mmsfx per i meatrddntY Sith $8tireRss inveiidbn2emila8¥h @8 céh

model for treatment of human di sease. Further, the
pr esehe niningned iorthe follpypng exesindary gnapaererif g4 thecgeter ok

wel I .  [0091], Formul atiqng, . a

i SRR G2 i e RE G AR Bl o cBhnplex-
i nventvaed dakieitibe of igrstdnied ind tef values oftieseelt through an
conpositigon is admnistered to th% hosf, where an

" ef f e€pSepBaldpiperiendedimdl. thep ghtagethe arel atehp by o
produce a desired result. In sone enbodi nents, the

desired result is at_. i nhibjx i on of
progression of the ?lné%%ﬁ%%lilgngp?dyggul asia. [0093] The
appr opr,.at ose to.be admnisiered d nds _on. t he
SUibj eBrbify T e epnstfaints SEEHTSE bY HE mARERIR vl or
g_he S ghiafiplo: ﬁ@%é@)@iﬁ)f fok PRtonitY Bffors e pistngngof the
i sease or condition, 'the weight of the subject, the

si ze @ﬁspﬂ&t?émmﬁﬂsrpha%r exanpl e. Generally, about 0.1
ng to about 500 ngy or | ess may be adm nistered to a

i and out, 0.1 t,0 .about r ar | e
T o0, e Savtaile o8 9 Stirmtefy BRBmG s, 850 PR R
t he briegagulatedgeriele a@itiond Qairincdided€dri sk@mple, (a) reducing
pharmaceuti cal ingredi ent per kg weight of the subject
to abdbe tsdmraRjedftocsat vk I%bpwgk%rm gz é’PulﬂPﬂgWé&fl% ferm
per k L:aht: | ect '

b 23 B huciiu bl B8 noniclf £ LhIZ, RAPOLRPR 2
doses.tinkt. e Aaother valbsimgeb) €ar inaluge whamgimpevdrizhies inesadh &y

det ermi nabl e by thi?)se ﬂ{? SEI%” in.the.art by a v%rj ectly
of medty. % iPertaBFiOERt ife 20QCa P& lggnmg% e JLPRFrame

g : . . . h
eter leag?ég‘iﬁ‘@ol%. oFfii DA Ve &did dlobdllyt t9o@ily (b6 DAy

routi establ i shing dose response curves. T
anountabofe)agert fimial [variationc €)r eam, ing; claplainaignidie ughone
the parti.cul ar e used.. [0094] .The, freguenc f
ad PSPPSR B B (BEOpPrl ARt S 45ionks BHE priodbude
W 1 BRodiRk@piAEp rdiertthe: sptinal @1 ver based on age,

wei ght’, di sease status, health status and pati ent
ri083lnsi ventrsherpremplaphembesiment ofilie DyeseatimveRtionGas o
one or e ti. a . hl: .
appr Tl 9 s, sRF ek i BRAE Rlio SRy, Thatis.
may befopdidtfiing eniedr idatieesyid siemlified spedssias, Eqprivadent to
period of days, weeks or nonths, then not again until
sone tinme has passed, suchlas 3 or 6 nonths, and then
adm ni stered again for a period of days, weeks, or
nont hs. [0095] In pharnmaceutical dosage forms, the
active agents nmay be adm nistered alone or in

o, S Y a0

-




carrier. [0098] The term"unit dosage form" as used

herein, refers to physically discrete units suitable
w@200a083685 y dosages for human and ani mal subj ee¢HFUSBaEMN2823

unit containing a predeterm ned quantity of APl of the

present invention calculated in an anmount sufficient

to produce the desired effect in_association with a

phar mideigaiziag|lphc &Eﬁ,é@n e golved Ht somegnpresimated sense.

vehi clye 1f peat | : . [
o ma oo le SREEIC (66 bAfnlAtioh e R RipHiidnaf 03249
parti simhifar) efdiizos nel sanptheyedationd it tiee ehftesqhartosdnee, for
achi eved, a% t.he ]ﬁhar cogynam cs associated with
each é@%}&f adigogt{ @464 f0lo99] Kits with nultiple
or unit doses of the active agent are included in the
present invention. In such kits, in addition to the
cont aBer s hol di{H2) kel pit-einfl o= (2x(gdbged of the
conpositions containing the catecholic butanes such as
the NDGA conpounds will be an informational package
oAt W t iy s tddmbledNBe Q%ﬁ@ hbdd Rt RBrdd&@s aR8l average
attendant benefits of "'the drugs in treating

pat holgoytasl for dweliadiagent ghirfoms, e dbe ap@pxinaaialgraytongrof a

applicat or,. for, adm pi st ratiqn of € ent v .
corrpo?f)if"?oﬂl B%twieﬁ%l e%pgl%alggg h EHA Sﬁ#%éo?‘% dl'h%nflulatlon
pr esentiowdtBE wad|of o afirfdrO 08 theRalde Aghalithé @figthal
parenteral ly, including intravenously,

i nt r a{@RYORE)aPNS), 2 Goppidpablie: uiyantres overy those derdpisyey in
o be THALEEh EltyicYe 1Bz ANRRARD B rorppistiimf o e
t{0@52¢ onposiFiGo s infant benplayeiltustratican ol on axealimansoméd

to be admi nistered by j.njectjo th may.al.so be

sui t aBREHE BB BanPRIte dethoiolosye AlsPHHe Aboyg, More
exanplsgedificali9PiFa! .2 iifdinde a8 aine-difleadiaddl Ofhiféd grid 200
i mpl antation admnistration. [0101] The Exanples_ set

f or t h iduding araytoageR f@r ¢ reahmimen gred. dnsteard ef Fystaging the

interpreted as Lintin [ '

e e 3F ot oo MRS S i R, o Ok
and/ orvitRiG gad R (40haB1s shifteédh. et dfphiom i Nesamirror grid.
prepared as described in PCT/US2004/01 6 117 and was
sol ubifbagcetngles 206scme somuyirdaior FONN GG TEERFFIYhgistons
sol uti; t Lomnalkl.y. i Lk exfi.pd r
2 i R SRR (Al B SR uB BB
may bequaea (Iht er changeably or i nconbination with each

. On | upi.l i zi t. i pi.ent d
I i e a6 i o ASRaRERY o BiSRIE Boct dudrfmenional
(" HP- hafh¥ion @t denepufation Memeas1esy LibagdOThatCss, FIGE. 3
(Cat. No. RDI-82004HPB, | ot no. N188P) (Fl anders,

NI, U.isslpdes a taipotimensiens] shified gvidd0Qyeing Tk adiaeeny ipéels.

. (i, breuiiofal ARG ohl o BERd A L FGis02

U. S.bA. ();hiﬁ{xg 1043ixélrin Goth dindecichs)e Phawf anghes 30:4\&&’%& pistons
HP- b- CD and PEG 300 were present.in a sjngle .
f or mule | GHended prmedicelly sins Both tixeations 1w ResRadanep r ith
di ssol : to formaMidN in PEG 300 sol ution
(" Nweég%d?g%f’%ﬁoﬁggsw PEG 300 sol ution was then
added to a pre-nmade solution of HP-b-CD to forma MN
solution in a PEG 300 and HP-b-CD (hereafter, a "CPE"
formulation"). [0105] Wen preparing the HP-b-CD
solution, a volunme expansion nmust be accounted for.
For exanple, for a 40% (wv) HP-b-CD solution, a

vol une expansion of 0.7 niL/g (i.e., 0.7 nL of water

di spl aced per gram of HP-b-CD added) nust be accounted
for. [0106] A 100 nL solution of 40% HP-b-CD for use
as a solubilizing agent and2or excipient was nade as
follows: 65 nL of WFI were placed in a glass beaker

containing a stir bar. The beaker was placed on a
magnetic plate, and the stir bar was set to stir at

Al r . o M ' ~N~ o




be simlarly nmade, for exanple, by substituting
HP-b-CD with other nodified cycl odextrins, adjusted

wo ovoctoBsssRppr opri ate concentrations in the proREEES2006/002823

descri bed above. [0107] Al OnlL solution of MAN at a
concentration of about 10 ng/nL in 40% HP- b- CD was
made as follows. About 10 nL of the 40% HP-b-CD

sol ution were ad@g&t;}ga gligss quk r containing a
stir bar. The be +ovagk pd aeedy +1%- ggetid . P at

and the stir baflwas set to stir at ng%i ngﬁ( sg’qp”géiﬁ“)e
About 10 ng)of MAN were slowy added to the 40%
HP-b-CD in the center of the beaker with the aid of a
spatul a. The MAN 40% HP-b-CD m xture was stirred for 2

ntil | i . . i
Mosaf, i L A1) b olibaliatd BBty Xy bO RAIHES uhhd BOU or
ni Xt unevedn ept idimalsion) heatisdontoR0Cnf two dimentions) piichs
or longer .if 1l arger vol of sol.utign s desir.ed,
foreRafhs @me ikt o Gobd OFgmALST: 0T S ERy i 0
b- CD Hoffildss asdb b8 setBSE $_ 084 thet KOS aSRAMIEIE

di ssolution O MAN. The MAN b-CD m xture or
sol ut bemplamentod econgatelfy asing tiesabove sluftedigyd apaoxisationd

y hol di ng t beaker ai whi te backgr.ound
YRSy e e AR Sesialieg SRl BEherE R RIS,
parti gad ?Is%iling;r RArrbi BadicdWdikdiRsedHibovh, &da srovidei DRighais
stored at roomtenperature and was kept protected from
| i ght levghp§ lighogeapbee perforpaness dbeadiptype drmaties dpicsi n
the r .S g [

For murdP ik el i el GREARGRS oo Beplisl bove, the
sol ut paRentriayedtion s i barday limided tethele paticdlar teekdqguese,
by substituting HP-b-CD in th rocess. descri bed ahaqve
wi t h &uﬁwo‘@yefﬁ%@mapﬂ% appRoRthet $1 stbq? Ve e gpirit
demonghd alope b e MtbLiigMERIkBEd i n sol ution after
cooling at concentrations of 1 ng/nL and 10 ng/nL in
1005630% HPIf heCRxiabr marl-bBudap rveksen qfetieeglobdlanptimitatien
[0108] A 100.nlL solutio f N at concentration of
bout WSEiRP i e ks S0 atyses tgtier B AR E A orihe
100 nhétid BEGoRSMiNGT ® e dRfitd habal @lzed@dakag the MLL
containing a stir bar. The beaker was placed o

. . \ o > n a
nmagneteal operatien (el ma¥e tif@pgleph the {HEng wirrerpizel). AL, op the

medi u f :

The PEURRER, hF berZeryn® RSy s QU ETLRS okt
of a shatldiba donstraimedetot thdMikmifsr dictaet ibykthagctual todulation
beaker \N%l l . T?ﬁ] MAN/ PEG 300 m xture was stirred for
24 hr cghabliftes ot (EPA@N had di ssol ved or was uniformy
Mﬁﬁinded ' ioRNYs féliiRRd R R pRsseReiRVentibiis based
f\[/m\v EG So%wa%'n@g%gjlrog’ V\s/agéopti o%w; I y_plgééat_ ed at about 60
C f or upbousingoheyBEM pigels|tomapseh the daffiagiieqepaticot generated

sol ution s.desjre far 4 | e, 0 Of .
300 Yo e ke S it PR ey Blnelbreiutifl in
needednt igha@p Skitle desifddl piopefiies.sOAlhduph 1Bk MiBsenil lievention
MANVPEG 300 m xture or solution was observed for .

pr esedsgagy addresseslirasiaizotion nepse (61 anfigtelnperindized)
agai n r

packoPaian® el fE g uattal el Ut e b e ormodated
Af t er eithér bbbz wilis thecontituoub diffiacdoa fiekbpatteins through
resul ting N PEG 30Q sol ution was, used, i dj at e or
bef or &hg REP1k:0p DY RoPSACTHE thg depse RAtiEIWER E,‘gf‘préy iﬁyfg?
ot herrgggﬁci pitates mght form If crystals forned, the
MAN / 300 solution could be heated again at 60 C
for about 1 hr, with stirring, on a hot magnetic plate
until all M N was dissolved back in solution. The:
final MAN PEG 300 sol ution was stored at room
tenperature and was kept prdtected fromlight. This
process may be scaled up or down to obtain the

requi site volunme or concentration O MAN. Fornul ati ons
containing MAN in other PEGs may be simlarly nade,

s o o, . L PN NSNS "




as a pre-sterilized vacuumdriven disposal bottle-top

filter nmenbrane obtained fromMIlipore (Cat. No. SCGV
wa0&eeR368 Bi |  erica, MA, U S A ). The filtratipOr/US2006/002823

process was driven by vacuumforce and the filtrate is

collected in pre-sterilized 250 nL gl ass bottles. The

bottles were then sealed tightly, stored at_room

138k at ur Ehapogromeblectirayr MR FagHicludg ax SEM. s@1 iicon

of MAN/,PEG.4 or _MAN PEG 40 I [ '

oan pater iRy Plrb iRt AP BT ot diisol EESTAFR:
400 o&n Fﬁﬁ@y%_?@é@bﬂw RAURithde dhmddviaedlssemtdisd pixteid
above. [0110] The MAN PEG 300/ HP-b-CD, MN PEG .
400/ HEathermseorelaved tPEs ST96 slanmtsiurBach/nim! ggn chrageqity
sol uti_gp ' ' - 0J

o or P BitBelsls b Eed BoRENL RiboBYO har HRSA i e
ani maptne kin 8é hisdulatedi A tpixad ShMyhastdyearstpiadks arednged om
is preferably diluted in W, instead of, salipe, foi
exanpRdect ARk el apk PEShBrYRs 23 ahbifn to Kealy
100 f : [ | : S | W d@F: el N ],
abou:T10 gg orrii1 tlg)ef the ege{r %é‘é&a@%&eﬁ?@ g nhalaqg)ﬁg%d g%dp?glég Egol\qgss
vi al . padametrildcatimmiuldfibh) wibinaddgdintrangehe 50 ni of the

B0 o5 b pstuling KEM e b et iR B hs
i xed el dedbiy 9640 RS 120ekal I8 ki bhe 1VKEL réfrdsBWate.

tinmes. The diluted solution was filter-sterilized
usi ng The Gightmoduli@rprinsitesinwlemenierd agligferent SLMs can be

' 5 ved dri . _ N .
it crrhufind S BaHiTeE iy PR AP fReoigns,
TO5 RiphadeBihif efddatiohAle-ldods Aodulaiidis ahd/ot babinbination of

process was driven by vacuumforce and the filtrate
was cd@pyeseliaddhe afossmendensdimodulaionsywesy gl ass bott| es.
ottle ue:t hen . h Q3 ; ;

QB0 ur 185 iy AP MUBERGH 4bb QF bk Rt AhtRam
be scairdals Wp.oor) densratéd byba anaskt wahinethei syistesn V@0un&hor
di luti.gns, .su as 1:2.0or .1:4 di]Jutions [_ex l.e.
o1 1 TR SRR BBl & fosh HipeB i ofyfe pip AR e
contr t:aioRi i Ak ionbsi Je
made %Ct?gﬁ lg\?g%yn% Q%kgﬁgﬁe%g%ﬂﬁn{&gls gﬁﬁlﬁugﬁnof g??ﬁg%

pl acetMdomrspedifically, givenruP@twitn a rabegicalsgpertireoiNA4 for the

HP- b- CD are added to . | ass beaker contaiping a.stir

bar orfasf r?gg?l e?‘ﬁ’@r Fdﬁ%‘%ﬂl?ﬁ%n et i\gavrgfegg@ ?‘s Y tk‘%

stir the HP-b- [ ' 2

o peciEiaPataaih agRoR IR HTIEPeE F OREPY. B
t he glths aichialakasgey Hoir petharet genctak cagmn o€ rpaniiallyh eoherent

beakerto prevent the PEG 300 .fro tj cking t.0 [ 1
of t hAlBBHEEP. Sreital ot criended neph ot e Forchari fepeEe
Oor  untht afaXh Ak piepiCeSMRAiRASs (fgb tzgg 1B FRED GrofOw Hih Alffers

is filter-sterilized using a mm PVDF nenbr ane
filt erthelpgriadimage. vacuum force. The filtrate is

el or ¢ | e Ebailel ol FPoRR gl QPSP 1 Sana G
t enpergikitiar iBRdinseot moto(RE tiege bf M@ dkicptied sclifdes. In the

reci pe may be scaled up or down as required to produce
the deBpstegenerhcasn riat mathemaical seimse hemseivndal miph Fep,

PEG 30 s LR r QELGN%) :
nonol asglpg% ,O?a(j\ascsog1 gglﬁlpélgto?%%éj%%su ?tgmgf()ft e Gircle
sol ubi dridt it @ktehddd sourdecinntit planend topidl coandinktes I66.C6).
and/ or_ PEG 300, .PEG 400, and_jn fornul ations .

cont ai Farnigstapesy icBGnd, %&wb@n@ﬂ& gompur( ‘&g@?‘}ndmg the
hydr ox VAgskihy! BS SicfiEPYRee G21R0%Kbntial pupil
met hyl %ﬁ%ﬁ%s@%%&k%%ltg\é/ieaﬁg}FPpyr%eol I done (nP\a/lP)p,upt)r
Tween(r) 80 made in accordance to the foregoing or
simlar processes as well d4 characteristics of the
resulting formul ations are shown in Tables 1 - 5,
where N represents "No" and Y represents "Yes." [0113]
Table 1. Modified Cyclodextrins as Sol ubilizing Agents
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systens (MEMS) device are dynamically actuated in
real-tine to genetate the desired pattern. Due to a

wo 2ove@s8s d | nposed by the pixels and use of PCT/US2006/002823
short-pul se duration excinmer |asers at deep
ultra-violet (DU) wavel engths, spatial nodul ati on of
gray scales is required. These c|asses of MEMS devices
are t HROEERANEMETS arcestainsdipele dltumingtion mode withdhe radius of

SLMs tid | .
é eo rre% ?allc{é gﬁ%gé]ct)%ggit (Sw )7/” z‘e Is[{dlf’éee @p%@ﬁcg]{lY’ S)E]i\‘/egg’ g’i’il,on edcthp
for crdifftdctign ipaB@BSn tRY plsil Bfedth@ tﬁ@%m,ﬁﬁ%@ 9t Q%iv%ﬂd
y

resists as conventional nask-based photolithograp
scanndHumingijpn modgiis kaaw gs therepsentislipupili fihis exsupporhgf the

l'ine fagili i n.. i.n rated into existi

f abr i c‘%;ﬁ f’ééﬁ‘ﬁ?fgz’fﬁ?? ilgjg @ ct?eﬁ aﬁ? éﬁ% e tr i%?( a?ﬁﬁimB{ec ﬂ?ove
equi prenespoitiy to dipoldesunder e design turns in less tine
t cilitate optimzation of chip yields and speed.
[@B@] mealﬂﬁ%f‘o?faamle ebhla ¢ agircuipr partion 484 rdtmomess VL
and t raeisti : - iithography stens fromthe
T 1 or e s B u et od OML, and the
traditional masks. The SLMs consi st of nmany pixels,

Wi th e?)ch pi xel havi ng an,ability to vary its optical
propef®l es in a cont (Bf 40) & [awnedNARNF cal Iy, each
pi xel is subresolution in size and can assume one of
many possi ble states. Some SLM designs utilize the
d09a3lcal prliheceytemizdopupil @bés AOHAbFINA0HN th@tshAsE of Ohe
necessar | Jr%/i.eq.%l valent to the ones utilized in a

desi gi"GRIERARY P oY% o1 the REXinmER of nst ance, tilting
0649r pi xql e I Afp) t g i ght

ef I4gct i on, h\%h?[gﬁlbli% na%%/plm%sggri Pi; %gu@?‘gf‘%{rﬁ’%l toggegs
f r agmpatticafating try thdifernmtiah ofrerskerial HifM6]ard givadbly ti on 1o
defining the necessary specifications of the SLM
itself, one of the main challenges in OM is to

‘under ¢hand how best to useUPhea@\-M pi xel s to reproduce
the desired pattern. Rasterization, which presents
significant, chall en%es in this area, is one technique

used PEEEThISiAgFClT SF Mefss 061N pirelsegd tibeoftalting nrigors,

Mor e i T : j : L.Pt f.a sk..
ot ¢ eParas dfAeting dhikel, o), SRS A QP EBreafed Pitian
not athaéasgepeadk ton déher mingd t hedskdses mincigle Spiel

pi xel s. that result in that. mask ttern, or that nost
cl os eﬁi’fﬁ eé%}?ﬂd%????ﬁ ewad@?fﬂgéuoéj %ﬁd’@h"’[lﬁé@ﬂatl%mdﬁl
appr oandF2 d¢fahé M, rast eri zati on have been described in
e literature. One such approach is inmage
L‘B\ﬁﬂﬁ zat i BPL thengase fpBLlMszeft sastaimntadniation tpyinsiplese thehe
opt i myzat i;on, pr performng iterations of th
pi xerbé(?gtlgsm?o&g%?[%% V' purni? a %eggqa[lgdc?}gpl%-ﬁzﬁfue
whi | etracsouitiaceefldotivity atpixd gagshel t ExehprRs ifcladd the
optic {: intelrference bet ween the pixels. On a_ )
conc eg Danxels guanemetheir applivde fransnittange orpisjoning mirror
t echnpst i b I: XLty gf fect
cor oo o B B BBt o P BBl Bl Bl For
mas k ssonQothel medulatisre ptiheiplebjusst inveL Musigsls, ahe afffadion
opti 'zlgtegéoon canlbe. f]gr n‘ull?fgt e<iz| in terms of the
pr opel ¥ e f Sygle prelan beawell approxigatadiyy a dgkfrom an
t er msolgécttthe HaSr8fifen bt | JRos [ Lon
appr o%lghzl | ows rel a{itsifb\?gﬁsk}%r%gaggﬁg{mt r OP%?)M@I&Q
desi redugsy bpesmittarcesbfieativitpat Far exampléetilting nhiechr $I1aM
princj. 50 sachieve optim zati on, one can place an
edge fg?!elg %rérg%qr%ct?rgggt 36nt?He VPRI, éefjigl%?‘fréi’i 35e gomplex
i nt enanplitudOto SeBRE ah NikelivatlgpRorde Fof d8Re SALLSTHKLRY

a specific threshol d.

=t
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[0009] The mmjor challenge associated with inmage
optim zation, however, is its conparatively high

W@ oonp08mwBs onal cost - each iteration typicallyPCT/US2006/002823
i nvol ving re-evaluation of the aerial image and its
derivatives with respect to the pixel states. [0010] A
second conventional approach known as off grid filter
( OGF) seotons (Appeaximeliqnngist ppheables the eparayMm of xidis

t mat.e -t. i ff ' el d of id k
2, 2B PA el Lo S gd ookt

appr o¥omipire®@tdb A/pAperformed locally. That is, several
nei ghboring pixels are utilized to approxi nate the

#0060t act i oForf pepdseyefdHagtationyconbider  pgriedizedideplhmask

mask ¢ red.by on [ ft e, Di a
appr ot e 1 2R Hlop L &y Blockl afo S StRRM oSS Such
t hesepaeirgd Redultnér PoXBtaed td\es ofidrd fHel idea] eeakf it et S
corresponding to the selected filter stencil)

advangkytongie sympresoftamaBlk  The @@ﬁplﬁaﬁﬁl@ﬂ%ﬁ#@@&f ghd
o o- o SRSt PR IR B¢ Bl B ubilTTl BRRIABHY, 2

pattern. However, sone of the tradeoffs suffered to
realize the advantages of are as follows: (i)
Becau the filter stenciP nede®saril y involves a
limted nunmber of neighboring pixels, the match of the
pupil field by the filtered pixel states will always
IROGIPpr oxi wiieee, g il at weoteg kompesedrof graytdnes horgesponding to ail

appr oxinpti o be made .relatively small .for. pixel
af menST-OnERs kg Trefigrork. 8 Bis ssgvdng spsoripio poove,
resol wd &ﬁnﬂﬁl@ﬂ abdplitdde bf ke BERYCHOA dratrs GRsidOthet Seertiar
approach, the filtered states of the pixels generally
do notPupiherest yinearcfupefinsy olatha ixl gswdenes d8)-t Aelh Hnawik
SLM pi xel ' e L oM. 11S g C al4. ng
r ot oy 5 AporlR PRt Hl” a3 o
neces savylehgih 94 theslight itlemimatioh maddetand VA of dptR@mnd the

however, introduces a light |oss, which.is. gengetall
ot i) of G pixoh Pt Pl Fop it tppstate
appr Ogmmeté;feggg}éﬁs.l XiiDBorhFHl bE MRbwh of iHaakisckdl® fourier
nodul at ed pi X@&l “stioul d be wel _approximated by a

gr ayt cresfoouPET) Dhedrigyr ecoprespandafg toudle-saaffesppg dhd Haageng

Suar Svtriienysofph SR FREER, ARG R RRATE TRHRF 1%,

pi st oidédsicd ofthegikel. and the second condition is only
ag&%)xi mated for . a tilt mrror pixel. [0011] One,

A0Sl em as SBvem il dgpaription ieAt avka LAY By Gee e S0i%c AT
as j i b BlinddPSRd PR (hmifatenbat he
patte gl}’gﬁniﬁfﬁhdvzgﬁqﬁi@ tb%lmrl?gt 2nd ph % frabmi .
conv ebbclgnaindagpiha dacwe singplivwdedandaphaas tansmittanen one can
solution th reproduce variati of. the. aeri

 mge OPbfahs ERPE anpntes Reaithe AtReinErds isie finy
| MpOT teRqthtifgfubB! T8 sofvBehd ABERzAHdADroR&H, dre b o Shtishy
rasterization is a scaled or dimed i mage of the

ori gi raekt gfgenengly nflineaieguadgns:er ns conmon to
l'ithography (e.g., lines/spaces and contact hol es), an
I mage produced under the effects of light |oss could
contai(@ as little as 1/7 A@)h® dose of the original

image resulting fromthe pattern on the original nmask.
[0012] A solution to the issue of light |gss is based

dR0er t ai n Thesokhk rastesizatingymothods nkaged o Beding the prxel
e O e Bl Sy phlliche! t on
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nodul at ed pi xel across the projection optics (PO
pupil and in the inmage plane is well approximated by
w0 b@echsmBsl generated by graytoni ng squares of POT/BEM06/002823
with a real -val ued graytone. These assunptions hold
for many nodul ation principles (tilting mrrors,
liquid crystal display (LCD) cells etc.) as long as
tf0a70pi xel s Uning thef flobaleopttinyizativdeterlms quey anitiaHessmugtions

o 5 PR G of B FCCh il
uni t aap ftib‘\gﬁﬁ)éxglilﬁﬁ%}énéﬁ)ﬁa@tﬁﬂsxhﬁfaﬁé’é ¥n b bhdkdréuddot e

case of other ulation'types (e.g. tilting mrrors)
when &khewdiamphisidersd phasettmnsuiitasem | Fronothigdesetigiion, one

approach the_resol ution.lim r | r yal ues. 13]
ot comph iy coptaraindes (R LS AR RS St Plide
accur gheadi@pin@igezation with mniml light loss for SLM
pi xel s that can be applied using various nodul ation
princi gl es. BRI EF SUVMARY OF THE | NVENTI ON [ 0014]

Consi €¥knt with the princi P&sRof the present

i nvention as enbodi ed and descri bed herein, the

present invention includes a nmethod for determ ning
qoerigs of Ip@tdseibn (T)dbthemeslsbdioatetebingthppragiones.n a

i thography systemconfigured to print a desired .
J80THrn. | THHab ol o s g eRp e eirer oif SapatigRs

or der Ofuftp b i, LAiRRbinSHKg, the BRADISHBLILM,
be pri%ﬁ?g% 1by t‘ﬁgjfl It ovgr%ép y sl)lllsterr%’ a%dght%ﬁenseﬁ

conf i gmdicogpttatost avmeplepity.t he SLM pi xel s to match all
t iffraction_. orders that are rel evant. i.,n the i

(57l § o Qns0 980 B5Reye BhorigsaEn it i G 9
pat t erfquniRr B¢ BAdibRA(6)to Ad-sdtisfigr ae et fdnby dfhevaffbtte
whi ch serves as a contrast device. Each SLM pi xel is

i ndepelegenss P iraedonntiedths gumber of avpidabdepixels). J theagmber
P o ot S A0S SR SRbeoll IRSIES o BhANTES
pi xel sthe atiffbetios ditld alistdbytionhecrasspiliet exdenttal gnupili tdnabee

ot boebediralcaiiny S saein Coheraet ghsalnsRe Slmatn
pi xel @ eaghl Aok NG didBaR oPlfens. THRE HlestRbAdiBINS, for the

rasterization is a technique that, given the
descr ipsélonwith tiedulation epuncipde eallowiing esgfffciergly gocurate

graphi c_desi gn_system [ Ko fl }
O haP ot GG BhsoXBGEh T Ry A PRt Mo iraBR PN £
M Cr ONjafik @fatiik.! th @end@hiS han)fidfe ilithe @Ttdiadbutibey ibetreen
pi xel s that will reproduce the pattern at an_ optj cal

i mage ik aiels qapbe found, espitiag Entheiaaia impgnmatchipe faxt oA
opti caéiv r?&ﬁxﬁ{ ib?ﬁtihgﬂd&?tc&%éﬁg?’ referred to herein as
optim Z2a

gl obal I'on rasterization. This technique
| joodides nmeExiressipnt (TRispopicll Withathel agpamptian duit the gringones

gi ven mask, and taki i nto account the constr ai .
G ot at 88 T84 (HEhOBUR PODSPi P HEGF of REeSRE dNe) i
devi ceglQQhBEr Mfifeis REFiflifibh Yogidd &, 60N,

opti m zation technique of the present invention

ci9A5} es t hEhsnwnls of Bquatien i oquilsto 2ames the gimberrply

match with the desired.diffraction t1 . olhis. h
is ac h&@\?@éﬁl‘aﬁﬁ“ﬁﬁ%ﬁ PN 1Y 7 BFrBT° ?tﬁge gﬁigi%f Fo f)gghem%%t
parti Cb\lﬁ?l)&fs‘z, laBsuindte thAT BEREADD @fpill he d AR oo ththeadius
given illummnation node. Under certain reasonable
condi t Néu{sto 4.0/ cnmtis mak dllwuibatien sgmp)ansithaithe signilation
partia [ the, SLM can match the

LI y coherent . f
aeri al d‘?‘ﬁ%}é a%&%?qq@foﬁ%@%ﬁ}f%ﬂ;nta 8tt of focus.
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[0019] Unlike the OGF approach noted above, the gl obal

optim zation techni que of the present invention
wez@iogicts y accounts for the constraints on theCT/US2006/002823

nodul ati on capabilities of the SLM pixels. As a

result, light |oss can be elimnated or significantly

reduced hi fact, light gain can be azlchl eved in the
case &9 particul ar pBT &F NAGHwmpIRS]/ GEBREYDI es.

[ 0020] ., Addi ti onal |y, f th e.degrges of
freedbfh are avai | abl ﬁ%ﬂ% %gggﬁx ation
techni que of the present i nvention can be useful in

reproduci ng an ideal or near-ideal pattern that is
@T6har i | ypexphedsion (9)3I1ylsethp éhméngiongf thy eqvarapiselsit the

| venERER B RoaRONRP ] ASHSGaaRPT | 5% B o o

Cl assggy ﬁfméﬁﬁv'nhpﬁirhxﬁé‘t%r gmtthartﬁe ARk JTURS EREADAL Rupll in
feasible wth conventional nmask-based |ithograp

[ 002 1}he,awmlo¢cemmados/5 equiab tythsbarea op thendipcde pH rthe radlus
technk\ﬂ%@ {)e present invention is based on finding
the s 0/ he SLM pi xel s, subject to the
TOPHPPY L 2t o UBpR W2, % hi\GALl i b0 151 Ghe
ght | oss. gory of constraints are
nodul a.tnmlair illhmidagioh anelei rfﬂ&sgdtehryreﬁiamﬂspmdeﬂdetéﬂmngm Ne

bl ed tilt f.the t [
i £t o B lohe s Lot peS cebrseved by
the spy, eﬁs ﬁﬂ‘e stAAR RS 1{%(51 it $nckdRid t%%d%'tﬁ@hﬁtl&hﬂ:%lﬁtlon

mat ch or approxi mate desired distribution of

fi el dlimit oftbe 8, éredambzn of hyailehlet dqgtqee af Byedpmsdal dmgs
factor i f _necessar 023]. The b za
technl(ﬁ&é SSPHPO 81&%1%'15{}'? %r es?eﬁ S’?r %%&% "N
si gni fekmeélhﬁoﬂeﬁmsﬁaetdweﬂmﬁhﬂct of SLM pi xel
constraints in order to reduce or _elimnate |ight |oss

P08k ul t i Age enaterpds ﬂl@é@ﬁéetemeghﬂ\’epﬁ MNuhets loagesipeSLihqg
advan a

struc g%g%as% %%gr)at 16N of llV\g/ezg\rS g%é;pgn‘g%%\iedn?in% %hﬁte
pr esetilf tHerS'Ia"V[t pieels aae¢ suffieotly sebtrésolutionailien bbé GhMvhah

L e e ST BT ST aos

accow@ﬁnwgydqg%mpgh are incorporated herein
and constitute part of ‘the SE ecification, illustrate

do®di ment éfhgfstatwseofpmég@@nalu Pixedhpa#re, useellyesubisct to
wWth t ener des n

det ai ICS‘S “3 “%n% %H’? (PH[]e e?iéb%%l sﬁzﬁaglgﬁ)%be S(;)I\fvl\/l
serve Fof n&wﬂcal the ttileOpﬂiertﬂhﬁg Qﬁrrof pixla}s vamies mtithim certain

the draw n [0026] . FI G bl.ock di
1| usERECE-oRASSE CansYAENS é‘&ﬂd be Pé’é‘ﬁya"g%’? éﬁ%@n looking
struc accordance with an

trh e pg{gﬂstg{gg ??%5%,% @).

enbodi ment nventi on; [0027] FIG 2 is
d6080]| ust r Wheamna gfaya)rmr@pnbmmfzﬁbmisalﬁlizbd rapd the igthytames
accord ce Wt h the sent |nvent|%ﬂ' lLOOZ

is anul F?fjs’(“r aBHr05 lof‘v%‘n&ﬁer?éﬁlg? £y emep eéireﬂbf’s?n
accor ¢aRgMintk hifhalth gedit & RBIAbqUaliKeHnb@ants] 0029] FIG 4
is an illustration of a di f?ractl on order pattern
generated by an ideal mask in accordance with the
prese L i nvention; [0030] FIG 51is an illustration of

reduci %) | arger optim zatgro*r%prgébl ens to smaller
probl enms in accordance with the present

[0081] As an example, in a particular case of a tilting square mirror

pixel, the graytone is given by g = sinc(o/og) , where o is the tilting
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invention; [0031] FIG 6 is an illustration of the
dependence of grid filter coefficients on both

w@omcto8wes and ori entation of an edge; [0032] FPCA/UT2006/002823
a graphical illustration of mnimzing |ight |oss vs.
pitch and position of pistoning mrrors in accordance
W th an aspect of the present inventjon;[0033] FIG 8

'Snrb adan o [FTSHre eqongiinis affpeary! #i% SiedBHSIER(x), 0 < x
t 003
o o Back Qg tanths anoskBISR b0 a0k fuths ©

whi chnRRed lodasdshe dpe o@%&%?&ﬂveml on can be
practiced. DETAI LED DESCRI PT OF THE | NVENTI ON
[@1835] Thels endtsmiernyodiaent pithe gessentiipienten. ortiliing square
prese %1‘/09%1{/6% eggﬁgﬂa%%%t'ég, Wds8 e'lQ QE@%@t >

that | FUS rate exerrp ment OI’]SI S

this emmwrmc@/a%) aRbebraeiy ondiiAntd aSs g o+ €0.72Nshd
nodi fi cati ons may be made to the enbodi ments within

the sgkFik728nd scope of the invention. Therefore, the

w ng det ai cr t
(GU83P I one BT BEHATSH, ot oRlslion P IHRE Rkl ol o
defi n?ﬁhyﬂ)ﬁet dppradpensie drel. aSﬂBhes[lQﬁB@hoiﬁhl this error to be
speci atlon di scl oses .one or nore enbodi nents that

i ncor pEelti® PRaY f@sesuobdntsrest-ni I {thy &age Higt tep gsraytone
di scl Q56 IR B héct)to BB 1Euko R kY sb S including in

i nvent e scope of the Invention is no
t o t héhedprgil ma’eﬁmgmmgmsmhﬁ (iaiiue of e field entheowent@ of the

defi ned | the cl ed. her 00

erbodpHEns b SlsS oB Haad Uraty HLRer SHEUgh) o T wbroach

Speci tbeRlkd 4R duthbeP BE cQIBABHL, Hab the systdfhs &TRQHAITRB S still
"an exanpl e enbodi nent etc., indicate that the

enboduunémﬂgynmegtfqr isefficrently m@qrﬂwlwdwas cul ar
AR e et Hsfe 3Ll PRGBS defamf . 1ok 10

f eat urgsterierthe tsmgle shot of agaM eziiﬂhsct’*‘lloé pmrsefoy e, canu oﬁ

phrases are not necessarll referrlng to the_ sa
embodiirersst (LE§rmhdr= 19%hen. HATE O3 @Waﬁmﬂﬁte“alf)upémg (1) the
t t

oL ety S SHBEPR PLIEUAE (0 EHEIANEA e pympcr ot

it s egidthing etpressionciboed @ae géts e Nki 0.52d.ei N, Pﬁéloéand
to effect such feature, structure, or characteristic
in co%ecl‘ﬁ b%-wi th other enbodinents whether or not

36@5 citly descdd Bpebssdddf 3&ns!ok (RO oPe3PRAGRMral @

k| Iled in the art that the present invention, as
descr |'lﬂaeajmblg¢sov\/possdye beuserg fashBouresd tlransfm;(FFT) or other

di fferente di nrents of hapdware. an N

| e e TR oG e S e e BRHEY A oD b
behavicgh wf éﬂtﬁrﬁﬂemnéxampx@n&dtmhwwﬂmm@@ﬂméubmbm
wth the underst andi ng that nodifications an

vari atacenss tagmary (R énmmala?receﬁﬁgsuwte@d%%méﬁ%
level o Ehlget ﬁl\é}lﬁ&&ﬁ %ﬁgP er Shlbuterd 0@ Us Bch}Q‘ayex%ple

backgroun ock dragram VI
mask| esmpuiihdadFpbfa stymhgrpﬁer angedf gnaymnutaﬁemmeral

with an enbodi nent o esen n F
1, a rfR%90dse8 59 m?ga{l @@} mnildﬁ\kﬂ i asgmpes bytes
Contmeftmm&m he control system 102 includes a

=

comput'er ‘processor, menory, and a user interface
doeséjgur ed G@leﬁﬂiabgleb:d opsieization itephuiquekateguif®simultaneous
instruct.in

ophnugatliopl%f all the graytones describing a periodic pattern. Since

normally the die pattern is not periodic, containing different regions
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maskl ess |ithography system 100 to produce a printed

pattern. [0040] The control system 102 is coupled to a
w@ordosesBess ght source 104 which provi des pul sespof/uk2096b02823

froma light source, such as an exciner |aser or sone

ot her suitable pulsed illumnation mechanism The

pul sed Iight source 104 is coupled to a beamrel ay
syst emtho‘gffvmntcf@aﬁuse% ¢ 4Sy0§€1 Rd DT gerigt fegtutegnone

that in el I : [
nurer PO B3R REborRn the PREERKLE o PR BIRIARS, LA
pﬁ' Sgﬁiebésgdilfaﬂm,lro@ et 164t aﬂ'h? pixelesh hisgiple omntmsttl ddvigem
the beamrelay 106 is imaged onto a programmahl e.array
105, (00t i themphion e AIRE R abEoD STEgHEY Gt
to regei [ dat ; i a
dosi r SV ATHETAE pRERERL PR fecd Qotl PREBRTFredtee ol

r epr ebegdr abtimizatibn preblémaipe s ofisipaltgr eptiingratiop piabdems

(PO 109. The pattern.data 110.is al.so kna in the.
Ut abvilthe Tosthih of daish Sounahe figueandsynos selpurf oS is
progr PihalchA¥ntiRnBagses through the PO 109 and
then Talls onto the substrate 112. The function of the

D873 (1) FIGS 6rim anillustigtéono bf tylek aptiherc embedinieat of the

substrate and (.2) to reduce the | Onpat.

di men&FSHY HE)Ye“%lﬂé foffeding fe Jateer, E%,%%rog)c s e%% §? %oﬁ)\;éerﬁsgf
the i gRagafiat @ndel0, Inl FIGhED 4 pa@eA 300t @ard be divided into
phot osensitive surface of substrate 112, such as

waf er reasprsbhasiesd aaickes $&2. Her sgemplamild 00 Prechins Lah
vel oChbitn 308 dfAGESH88 dn WafiBRA G Abep BE blxels 304 Ahin

t he i mage e proje
t hephatanstosddt to\veres (or flacgraftbie 40@ seantanotdd interfeigevith

D1 &% e Crek Biterey SEQhimogendet oaish SHnBow pe s Jos,
| nventen yubgiiadiah! YrotGHCeSIvE Sal Tnplfitaight of

n
| oss, as discussed above, depending on the pattern and
t he i nhanageshte sive.ndle sphitioysillosteatedsincAlGasS, tratld be valid

l'ithography system100. For .pixgl djpensi -1-hat e
sut 1 QIR § oo A B ity B o G e
gl obalTHepdxefipEay it@hnig@e6f BIE. Hienibies gl optimentioon
facilitates matching the pupil field variati on,&rorg
any i dechinigvgsie provide thedispidasienizagion salufiomope that isfeqitle

littl eanﬁre?ﬁé’rt[)%' Al error. [00431 A non-linear

version of globat optimzation allows rasterization
f[0088]he SLNHatyhwindowvites teclthidetsj SomPD Founpir ewalykistimage

cannot be wel | appr oxi mat ed raytones. G ogbal

opt | mpf‘é‘qu%ﬂg’a‘?tgo cah P%fep?lg%]é%ef%éo g‘?e Eﬁp)l(‘%ch PHEC- 2 e
t 00 | afiige hdmARY, RN vER RfAtd thB &I fdr@hd aming approach
sufficiently accurate. [6044! St at ed anot her way,

gl oba:ofdﬁﬁi ﬂQbﬁfawﬁe@tmﬁm@i ation of the states
SLM i . ] , ir iy -
B0 bt oRhesfeid i BB iftRdn GAS Bl e BSRABypiLR is

field d ot Qsfumiatior af tixe tradeniftededfuhetion af tliedatgéct

mask to be enul ated by the SLM or the custondesi g)ned
pupi | ®@eY)d Peetiionithe gbiret intecragmegts GOEN: srthat OF.Y) = 2

properti.es. Ly, the ' f 4]
Phe acpice) pibeen fEgulH bofieel Tud B bl an
area Ogbjédt eo%d)brﬁhlsmgm SIV1 pixedf Fecsquag ST phedls, @(x.y)
image is called the essential PO pupil. For a.

parti avill represeminta (Pegment| @fi fag i BASK Wﬁ’élear%@é pguage.

S or Ol it i Qn,: 3 ) i

her s aE KR bEGH of BE oPELEIRGAIMIER pthiho
pupi | i)éSFfeBﬁltédTaé hasin R £+l Ry, wheel caclomdrai Rj isga Fherier
essential PO pupil. :
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Mat ching the pupil field within the essential PO pupil

(or, as a sinplification, the extended PO pupil)
wa@bkdoems3eehe to conpute the rasterization that MT/USW06/802823

for the PCillumnation node, corresponding to this

ext ended source. This concept I's addressed nore folly

below in reference to FIG [ 004

opt i miteasipERAtionof I'ﬁfﬂeémé‘hﬁé&m?lﬁ thtgL p?glfé’éﬁb(xrﬁv s 8h,
can u ToXaly ) 0 e k9
t he dz%élkdenceg?e%ﬁéeﬁ% el d 3%?%%&1 tteghem xétse%ggd pupl | 'td“
on t hehowedhfl skiilédn shataet, ofin bhenspd xel findAthealnderided iobgect

approach to usj the non-linear function is to use a
i nearco’élpﬁ‘ﬁft“gﬁw@rzg’ﬁ roxi mation. This is valid for SLM
QOO S Pr O@ie! g firfe aé}arﬂ&héfes‘%hﬁfoﬁy LONRS chéh Sbjeétlﬂréghwat
mrrors), provided that the pixels are snal
(underdeﬂmﬂoedlalmwp sa[u@fynmth&/mtlanl i near gr ayt one
approximation is not valid, for exanple in the case of
pistoning mrrors, one solution to finding the states
of thgipi xels correspondl Aqgoi_qu he resulting graytones

is to use enul ation. For generic contrast devices, a
particul ar enbodi ment of the present invention can be

J9eH 1t o ni ribgiselutionds b rempyed ay p sym of @eﬂ@}ﬂar golutions:
AC00LPRO%, MO FaRiE Ot chh¥ERE| BBroxGTbCR! b U ELEST

can bé& ni [fowng e nmanner .

g i s LiRgiotest Bk RbIEAND) BXdIvVEHENIP rse@aralqnfdelé\adﬁcédaeo
matrix that maps the conpl exval ued distribution of

gr ayt dhesth pixel ¢ Rach,sqlwims o tho éf;]lﬂqvaé%pm}%ﬁg%naw pre-
essent| ompg{eﬁranﬁxgt&rég %)pﬁﬁ'?%t%mgéd Eﬂg ‘ﬁﬁf&%'c@e Fen&'. X&he

states mnimze ect to
t he camdérization sardéhier baicomgutey ré¢lhtevedy thast by ap;ﬂymg the pre-

principle. aml.e: f p(i p) for pistoning
mrr OPQ“'Q’BEEXF%‘EBJPIEBF S?ﬁ(fﬁé‘elﬁffspl acement as phase).

[[9694] SeVEFo?'sufﬁHénﬁ sﬁﬁtﬁ 1215, NRo/XENRE Pirkld SMHlInGURe
above can be fornul at ed ese variations can include,

for exdgpbithe fegfure adll @amgle watseraighbt-lne gngpisnbes & Bngle sége.

i gty SRR oty i PRl I B8 Bianetery s

pi xel positioh Rethih BPixehaad h§ Elopéir Ixﬁbrldanto(li& cﬁmpuﬂeﬁhé gﬁ@
changing variables in such a way as_to tr nsfor t he

above Hics spefcichisoonmhase susider fh%‘bfﬁslﬁflﬁ Tasgt pgRbers of

probl em. ﬁya?l locally (as in
(a) abov b)ﬂ%'u%n%l na(&%vagre?at ?{3 '%‘é/%da:gﬁ i ncl ude
doa9d]ni ng tHE. bis\ea @lmstbit@m 600t of thhelepbwivate of grid filter

Optim zati on. of ones inta a proble

ort 1 meoSticihestn Sb@eRER AnllisfheRd 86 s RERNE s,
exenpl RmnonSedRgdi tiRHottPhodifish Rdeged mﬂﬁé’lﬁﬁtth@ PalGésoe
used to mnimze enulation error for pistoning mrror

devi cemid filtarcopficientsr HPGs 6 dlustrgtenithe grid fler ogHicignts for
ot (P 'dihE B8 a2k BhouSIHt ¥ Besiieed P IRAGHL Bikel d04, A

(f(p) € SO in sonme ap
sense. gréplcOrEcpetdeexaitikigation. of the vertical Iedg]@ﬁ the pixehe04.

t di I | a I

the ech &P AOSPFRITS o Skt sdis et bF sl
f d /

p‘]@ é-llgxpa J(%&ee%g&{aﬁf ﬁrgeq?éﬁge Jofjusmg(ﬂ-% ré c &ﬁ? %lger

exanpl @effidimnts 0GRIG. eisdhatithe cmmpmmsmfstht hﬁuh:mgrsagmon

o1 ayt JRLIBPOLIeEREGHY SHL L REReTn &l Oy 1 AR, the

Thi s s%mtfoheig oPfibithily EMEAbY grbeahim@to% tbebélsl%ugﬁt igtosthen

mrrors of the same”size as the original
range dictated by (10). The need to scale the solution results in
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(graytone) ones, a considerabl e advantage over those
techni ques in which each graytone is realized using

WO 2w608368Dr e piston mrrors. [0052] FIG 2 is POT/US2006/002823
exenplary illustration of a one-di nensional variation
on the erul ati on net hodol ogy di scussed above. More
specifically, FIG 2 includes a one-dinensional
shi f t deptdhe tesplbiogiraierivation rgredncenths dimmetgerial ineage —
mrror, grid. |n f_a ' e ytones. of
adj ac édh‘%p %)?gfeg,gﬁ gigy o"hs'etégit glgg%gmﬁegc%bg%%t elgd}f %Ortﬁj eateﬁtew
Vi rt uphtighs n?RdrrérRbmetry $binbinaton, fieXipht fstitihg MBLIE
real mrror grid. Phase angl es 206 can be conputed for

conf | U Featss comBERISt Uit of feqeepidhpeusiuaiimite
) " GOHMEAnE R 2 B REREF APt BR ) b

t wo- dicapabslitEsabf \the igitenoiSLiMs. t hBorethd akisting riitVMgdthesny
above. That is, FIG 3 .inc]Judes a two-dinensional

shi f t SADYHAHS FGACRISTERFILY RS FIFREGRt pi xel s. The

t wo- di nensi onal shifter grid 300 includes a virtual
grid (shifted 1/2 pixel_in both directions). Phase
angl e§?§04 of the pist ons%a%gge%& ended periodically in
both directions in accordance with equation (2) as
flebdgws : (s §iQAREd o9 if e ME8s RCMERIGEBdbabioded,
can be obtained using three or nore (in oné )

di mendheaystenprofraqnations (Abhes more unkuevas fbars e@etipns and

pixel g, at.the tinme. Final.ly, e al im '

bt o1 SRt R b Rl ARl oo AR bsech ARk U
gr ayt @ies niddalatish eonsdaiitadiediniddabboe hay rdsplt éiae keldtion
accurately using the above shifted grid approxination.

[ 0055 satisfEing Al eanstantyelon Sfogiuey rishi-band pido Ry eHis may,
contr V] I 8L-0ni ] . |

R R AN
| i t hographifGuplesdlotiseaass, it @il R8610id MPgerafl intape] idestical
devi ce. Although these two enul ation techni ques were

di scudedbatafoihe originel mraskein andhownef fgus, Hut sealed Wyythe

[imt to these particular. techniques. ro r
emul a?g%ﬂr ppr @38 hed™g ?ee lSp gées ?ﬁ?g l(\)?Svllét ﬁ?eﬁol\l#{rﬁrlgons pl(;ilfsrC }?%SQC?
and sge@eoely Wi réfaebRthe tdivemidranOGFPpfach.f t he
exact non-linear version of the global optimnm zatian

t188%Hi que iSigmiBemnt light lost esulinbyeedugtinn ¢fieIdass taching
t at f ' | - ] t :

¢ of R ite, Bl M IORAR LB R b bidfrject

(e.g. andfor 4d lihcreasgl m ekpdshee tindet iand) thiig rdecrepsed ebystem

opr oSt b i BB orbBo el o nELRLhg Bty of te
CONS 18Rtk 10 (hFukiliy rdth o b RRo B el in

modul ation capabilities of "the pixel. | ] ]
Rast erdrdesttd selectasopwioh dhatsesullyintthe lggstdrghhloss puépesstdy

I's based upopn usin he .SLM pi xel ch the

ai 111 9en SHEpLs HbaRa e BRI ok or 1o

nBbes] a know adhibld dlgit, ofe Rah tdive e Shtbinplagy ioptimization

image with desired properties. Although the present

i nventexpresgion withirespeetde thesmksowas@erk zat i on of dense

(i.e. infini tgﬁ@eri odi zed) patterns, arbitrary (e.g.

i sol ated) feaP¥B¥2€hn al so be acconmodat ed either by

working with tsHeicetdnt OIS YdR ffraction field patterns

t hrough the pupil, or by considering the dense

patterns with suffi ci(@nhpixyl hadujaiopi donstraiias68{p),Tase

pr ogr alisombded aboveny 108 can include an SLM or sone
(i) y>0.
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other suitable mcro-mrror array. By way of
background, an SLMis an array conposed of a nultitude

woboocnsiess dual |y controll ed pixels (otherw se pef/@s1086/002823
to as SLM el ements). Each pixel can change its optical
properties in a controllable manner so that the field
in the object plane can be nodul ated. A typical SLM
has square pixels arranged in a rectangul ar array,
\MG%L each pighellosbaun bg niinimiaed byyfot exahpleginding yheoreel

- of the paraneters characterizing its O{Jtica}Il
pr opegtaviasnes (Hapdhatoliong sxsmRial KEHHIPSHonsHEL thet hin a
certain range. [0059),Eof exanple, an existing SLM has
16 x 16 m®2 tilting rrors arranged in a 2040 x 512
array and running atgaxg<ilz refresh rate. The |ight
nodul ation principles inplenented in different SLMs.

dOHOBE | afypn i hgugls theasbaye tyRem rfddingts gquations  1s
nmodul at | | 1 ' :

nmodul g‘bﬁ%ﬁ?@ elh\L‘(% %esgﬁg%lgﬁé& ?(gﬂr? ?rgigﬁsé(%og Iﬁlégyf:rgﬂ%ﬁ 1rrll at%l ?toan
of sevyelutibn dbest i exiso f@nentainoeweamon gatiahs uightyhped sides
[0060] . . FIG 4 is an illustration 400 of |ocations of
the df¥fraction orders (d.o.s.) generated by a nask
2{)61@1[‘ t he 19¥S{EMoh08an HiGerididss tEAtb BRI 480 ah SatRnuated
Inplification i n both the shape of the pupil and the
fact thté¢mit only depends on the maxi mumillum nation
si gna iémax) . More specifiically, given a POwith a
nurer i(EX aperture NA, fof*gﬁé'l%ase of a coherent

il lumpation with a vvavelgnggl&%, only the diffraction
or der ithin a circle defingd (fx 2 + fy 2) <
([0WY02) 2 af fect the aeri al whemgesy €bis aa attomeatiga conistdnt.

case of partially coherent illum nation, essential or
dO0HBlied pdisi sxpefe Wk apestenyatcd datiem; prsnesds foacrgpsedhs

t he ' [ S x ., ' i
£ cotDbq REBGHERAR fEalh* - o il 1ol Froblefl Bt ERIRME, £
dependsmercohtintidAal obistetentiB teohdliqubsg iphid bezl abserved that
illum nation_node (the s@ape of the exé ndft%g sourceé}.1
I n t helopgssreed & bp Aicreagedby A fadhen plekmito ~§1 PAgeriZal

essentL gl Uit ehﬁes@ntsiH\Q(Qﬁroh nﬂjﬂlﬁzé‘sqi@h‘P lddkds QT 1138 order.
t he

characteristic ncti1ons of NA citcle and the
dROEMded sdheabovaistaHmept prograpfming @roblem land owny iefficiang
(fx, fy).. For i.nstance, in ELG 4, the double cjr
cont o L?ﬁ%’é@nfb S’E}?Foé”h’és 9hiog; fT}hFSaﬁp?%aﬁ § %@? gsegf“flg’cﬁlﬁa
t he agjfiag} niodBGEoh ?riﬁélpl%s edlonglas e 1sGORERIMTH dbdigats O
a certain dipole illumnation node with the radius of
each dvzr}cﬂoefegtﬁi the steteof sayh pivst with seme effsefiveygraytegss (2)-
porti di t] 4t ' .
BT ectiage diiheo il hBRuRid Feflohple! REURSLMS it
nmode ititikg anines piteds aad ailtingimipopipixeld withs staps (Rigtoning
of the convol ytion of the circle and t.he ur.ce.
The exXBiisfarg e @g@m@@b S e dons B?& i & sfffied £rid or
[ 0062] micl (ﬁg Lrcul ar portion
404 isSl ggvé]ggﬁ?%gﬁg%ﬁdgd pﬁgﬁo@%}% can be defined
bi01@S] ( f x For thy c@e of figtbringnaxpi-ingdr)dpproach ca6 B Wik

ol BB 0 5550 o 005 3 e
conpl axe aARVATLEESStoks 8f piRéllmEhokd f skchitRgt or ders

(15) Aexp(ip)=R
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participating in the formation of an aerial inmage are

given by (4) U*=A(P) , where p is a vector of states
wobooslosdeps xel s (e.g. tilts of tilting mrrors, POT/SEDNG002823

of pistoning mrrors, etc.), and A(p) is a predefined

function that depends on the pixel nodul ation

principle, pixel dlnen5|on/geonetry t he wavel engt h of

the | Hgr exp(i pLiiadssiliod cRE@anenidsNgXPERENUAROPO, [ 0065]

Eﬂfmﬁfe CaseOtha tﬁ%n ?];10 ﬁ?«{gtté'l RS‘%dc‘dhﬂdu&E °R§r {E%Ré &S

xel 1s an orm
Corml exm‘napl@@ﬁ) mbélitgdh £ange qR0, r i) es:tavaﬂabbe fo am pikls.
graytone). Exanples include the LCD pixels changi ng
t hei r Pistqrisi quigide thisrange tare reastiy reqpivaieshinther vahtﬂs mod
pi er? varyi ng the phase of their conpl ex-val ued
refl eét vi ty. For sone other nodul ation principles

ye@@7] N SLNHRI aRkE, sykfed @ fdxpagtiban (3)elsd dégrueamyasolved
single pixel can be well approximted by a field from

an obijitemtivelyastaning ﬁmm*emsn@b%mﬁ% Daging aptupl; Inkeratar

'a: o lrJ : Iealﬁﬁg] fngeg{nﬁl)ﬁ( I nlég ﬁ? ng{gkl/lt ctre)lgt%g e ﬁérgt? G c\{)'n{/é@ged

char agélefivetye dasbY~5 Iileraﬁum)tstatrung @t aeéasbﬁatas ngi A aP&Rss
anplitude to define an effectjve graytone. For thagse

cases (MiFone gvimatshEonEsPmgiteat gayiones).adhe pdwtage of Hes
accur

i o ol s e 8 RARCY B Vbt ERSRARBSNE My
[[0®@8] For Redugimmesfoh codstratnedt opirrmzatmlslfdeblem to an
perl odi zed |d§€ mask pattern wWith a period sanpling
an i nt'BgEs 8P of SLM pi xels. Such patterns result
in co- Iocated d.o.s fromthe ideal nask and the

grayt ‘E#l’vé}g? SRS £RstQhtidY tR-Mnstidifs C%’ ) %, aRfihd udes

U( p) d.o.s partl |pat|ng|n he formation of an -
aeri al zdge i's %l ven : A g, £0067] where g
is a \Seci/ +cof s@é&o‘f&b?%&@one%*é&f’?(@ ponding to all

SLM pi xels. In the framework of the graytone

appr oy gﬁiR%c@’ﬁ@sVA (cHh@coppaX, adhéd udes of the
di ffraction orders inside the essentlal pupil are a

Lkg\?zr rrgwuﬁzcgc&de%g)ngs 8dn’ e p?ﬂmlgﬁrrsgﬁgegﬁ gnd
gnetinmmlpnmdﬂmfdmﬁgbemo@t hngftthhe light, il Ifuglagzﬁtl on
JBfFoeR " Bl e Ty i e iBpibe B naReliEy

0] =0jpelan.).- A is conposed of the rows of the di screte
fourier transform (DFT) matrix, corresponding to d.o.s

4001 i ng thdirstnelytheseviexamplag s basedran peitarng Pf digepynd
di fot

o1 el fispeafi bbbt RSt A 108 CLERIT Obog, A8,

e. g ﬁns]ﬁ ?mo@{et@ﬂ(mg)mM @ﬁﬁhlél\ﬂvidﬂl |[t6§dovv;6&6ﬁgl i t80dAT;

an ase rans a n ac roun 0 a Q

anpl 0465 Sarld’ &HnL {3 e I?Ifeaﬁe% pa&ﬁ%p%fgﬁl%ﬁ%uﬁgd bre

conpl & A @&%cﬁe fTHe'aeso@iaﬁefdrl ging@a%e@e@ alensi de

the essentia pupl . To solve the rasterization
pr obl éml%BéS’\‘mmc(watfde@h) sfy a set of generally
non- | i near e uz’gl on i = R . [0069] The SLM
r ast erlYIZ2¢/BO; fasy g%at@a ed on finding the pixel

state i he qediak &li]gé )S cal |l ed gl obal
opt i msi\%‘g?? g'ﬁﬁ?{b@bﬁc %signg t% e?)%))gl[ opti m zation

t echnilfjuinatiohid, gl =889 et Cajuasar 0.69<c<0.89, 30 deg b.a.)
[00111} SLM pixels: pistoning or tilting mirrors, L, x = 8 micrometer

~ (um) [30 nanometer (nm) wafer scale]. In this example, the global
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i nclude the description of an ideal mask as a union of
pol ygons, each with its own anplitude and phase

WO p@a®gicti ance on a background of a known anpl P¢TidS2086/002823
phase transmttance. Fromthis description, one
conmputes the conplex anplitudes (R) of the ideal nask
d.o.s. affecting the aerial image: (7) Ag = R [0071]
Expr espiigirzation tachnigpreefl the present duyegterisispd to jinimize the

gr ayt o | 14 t Lger

i ncl u?i]gﬁ flﬁsesllﬁ% ealrtﬁg;iilll ée%()}lg’gﬁll %}Elagg%}gﬁﬁ\ghrgasﬁgﬁn‘%@' of
Jodkrigyns, CRIGS t7rigiandgraptocal dliustragon 70M bf hisimizing bighimoss
and conput ational conplexity. [0073] One other_issye
ari si W& Pichy aad @epitign | o Piptening gnpees, gnofupPRE Sfuthselsh

condi t. 6t S afri-s i

avai | tg%{dﬂeﬁl g'(eg%\gesgogﬁ 1? ?%rgfa ojme‘g? an.“}r}till%%t nurr@(gt r Qgsf factor,
avai | etdatedpitheobgl) .uskf of ke nodent inferdiva) |vabee megnelds
of freedom exceeds th unber of conditions (6), the
i v SERTHE 116 heq G 13t 60T PO fEPrasahepanel
pupi | +CafiqRes &i,eﬂs&ra%e%)%eq famo§leM1fe§Jo%1tﬁhloygfeqﬂaeﬁ?t

aerial 1 mage w match"that of a mask, 1n and out o
f ocus In BiGef, withgestoninginvicrorss thdrens ahevpialdight \gainh(not

nodul ation principles allow ng fficiently accurate
gr ayt g??é)’é‘&%?%@l?ﬁﬁ?l? grg,rea{q\éﬁ%?ﬁdg% can be

qeemnyt r at e dotedosbode, THT deabipbEtion - onkbtIde fhialque &t
infinite nunber of distributions between the pixels

Cﬁn beat henased deuinhereg the ppdomRanrg | ofj &1@?@1 rBt@kaHen
. Qi- i 4
Expr et B PR p B th o0 Qlroian 6 Winens B

grayt ases of @ metdix. F Rasdiscree Fhicf the spirglt graptonéNeand a
nunber of unknowns_(Nu) is_the nunper of pixels. in a
i mul AFSTEHPUIE GRaBHx K coifpagd of e@%{zﬁ) 19YES Oflriliggongy matrix
equat i@NgafNg) is equal to 2 times the nunber of d.o.s
affecting thé aerial image - because of Re and Im For
estimati on purposes, assune that essential pupil is a
circl%@f the radius is X_ | IL,um'nation sigtna) and

t hat ti] si mul ati on domai A*'h di mensi ons Dx - by-

to get(8) Ne 2p (NA(I+ smax)/1)2 / (1/(Dx Dy))2 (9)
NeoTd4] (L / (e ddhdnthgeofAhe @pproadibed) cubfély @) isnthat an FFT
expression (9). L is the dinension_of the square, pixel
at t héap rP&gl@eéﬁaﬁemmeeAg 4p QN GEN)) tme without storing the
demagni fj [ T . j oo di i I
par amet <P ARt ABbel SRR STBR R PR Kol SOMAOR O
t he puegirktiono®) dianalssbé somputadl usngt RET dn e QO In(Np time-
circle aof the.radius NA(Gl + smax)/|. [0077] For
exanpl“é‘amé‘ﬁﬁﬂmf‘%&'ﬁé%uﬁ’é%‘i |l um nation sigma for the
annul ar illum nation node. The system renains
underdeterm ned (Ne < Nu) so long as an SLM pixel is
sufficiently gdey nerssofvds 1k Khe PO, As the size of
the pixel is increased towards the optical resol ution

| d-P] {7 0F t PQ_th f il abl egs of
Bl Nofh abe's S RERgh: fefile 7 SrHl o eg and
over - GO Rfih Midiriesbrid\as buiMihg istkarfor itaLitive ehethd®nused to
cannot be deternined, [0078] The systemis

under deeU fae @) (ren-lingugity) ity gnqdyiaions (i) canstyepitscen the

suf fi ¢j.ent =L €S0l : P@L houl d be
not ed %‘E@}&ﬁl Lﬂt%gagﬁeé{r%l aglldxgls g E%trltg&?ﬁn I Cl {écr’}lfi 'y
001 1@ s ol utTherminithennérhe(ubtddstrained) rasterization method can be

re-expressed using the A_matrix to obtain (g) so as to escape A_matrix

limits on execution storage and speed. For example, for Aerial Image
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sufficient nunber of degrees of freedomto reproduce

the desired distribution of field in the pupil. [0079]
wab@emsme®s of individual SLM pixels pj are useel/ig2006/002823

subject to certain constrains, dictated by the design

and utilization of the SLM For instance, the tilt of

the tilting mrror pixels varies within certain
r angeJestingd 4dT cinrsbertdermt, on SWS8raytpee tegirbzationmaethed eaint

oo B e ST BHE 051 P A5 miPb P Rty

the g(@Yde0 @l Mirihize eheniory Des. ARkditivnaliy tuntestraiasd bston
assuned to be real -val ued, these constraints usual ly

r educ #eraions fag baIreEYPTERRA by aFiAg dhe 4 mogtiy-te aghicwe gymlar

L 008 1esfts A0 pEHBHTRBE: Bés.@d d8n %;ggts;ﬂ L RFerGA%6h Rbulf an FFT
Itlng square mr raytone |I's grven by
= searipy/ @fl) be usberfor a:onﬁraiﬂed gnaytone} genglon, rdsteeizeticar e

the constraings are 1 and g = mn{sinc(x), 0 < X
< 2} withoyt exp ?tusﬂfg%%?péL@ﬁ%tl on for g. degrades as

ﬁ%ézfat Ur Gy, QUAGES domiAAGR Plhlidies UP b Rirbsent

anot her’ enbodi e prese |nvent|on
a til trvegtismelove coinpemsating fir kot gepy é)lebmgnrplmi asigrors

S mot arb R STAL piel iperistiGty, Hhe Srrpdten R My etions
-0. 723r631réﬁeélmg(§u?f3é’e curb B8 3V artdton S tierefledtivi§ R ross the

approxi mation for tilting mrrors causes a graytone

appr oRixehniiver, dighbreflegied cﬁO@s ppdigas oh inSkMi ether then the
be smal| interest. In the case that

t he glphﬂ %M%Xr gés?gs?u?gn error need to be reduced,
§0c118pN doBweaky théclesutibad gldsbail t@tmumtionmtmhqweg ofidie
just the value of the flg %t center of

pupi | Praset myveion; watches, the figld iigethe inupiln g efny ect“?‘?ﬂwfo
Thi s @&Hg?%ﬁﬁ AP KRS wh P6) %HHQ@JnsOﬁOI%%Qﬁbleoﬂﬁ'th@éﬂse bhe

syst ens equations 1s still underdeterm ned for
suf fi «:blwreﬂt;hghham% ﬁelésnﬂepamﬂept almigtions, PG thlerPQ has a

case of a t her, ex are UI r

st eneyE TR RN Sse oD A Sp 1T AR siFiratin
for Hag?ﬁﬁﬁﬁ Rf td @ﬁﬁ&ﬁ‘&ﬁe (fletd ' the ﬂuplﬁ?u(my) NA& Global
0.93/2 smax -~ . Using (i) the equality

const mtmnlgatmngalgmﬂm rwgl(vm eiPHBﬂ ﬁﬁkﬂ@ \m%d\/@at ip ggual to

B S L e S N

be expbmpemsdte thistPe) sherationshe DFT of the gr aytone array
ossi bl e to use a fast

Thi t
PO or m %?%}ese fr ORGP Cap Re U toe%qmﬂeai?g% for Ggfective
eval u?otu?e 1 hFor'@(taﬁ'}pl% Rff PSS ntﬁnger me?ecﬁ‘é@ bRl 8 Présait,

be perforned, for exanple with the ty AOI cal avail abl e
r andortheaa:mmnae(nmrkang)?mwlsawdl sk theasdegpate dg sthpigh (he t

CP | ud t. hi |
(oo, depfse i Bl rfe SRS GMbenfihR PP enbflP hels
arr ay Tsdfediive pheesentRk gﬁoslavafait CEx @0 tindFeRivepel

hertz (I\/Hz) pentium m PC wi th 256 nega bytes (M) of
hﬂﬂ’%th[mé%}ft@ml y, gl obal optinization

[ﬁgﬁgp QueS 1189411 BhT AN Y SOl A b h0bE an

ayt onés” descri bi ng erl 0 ern. Since
embodiment of the present mventlon In FIG. 8, an original mask

pattern requiring rasterization and decomposition is provided in step
802. This pattern can be provided, for example, to a wafer writer

within the control system 102 of FIG. 1. These pattemns typically
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normally the die pattern is not periodic, containing

different regionswith different features, as well as
WORWeaBshSRET assi st features, one coul d be foreedusmos/002823

performthe optinm zation over the whole die, large

pieces of a die, or at least all the pixels on a

single contrast device (already in the mllions).

Sol vi KgUPHES @i wapnocrf p@lmmnsaovalblﬁ Vith| phoses and graytone

o oqniind R MR s A RO AR et BERAATY

smal | esstaiped ahd déctdﬂ!ipol@édmitceﬁlﬁn{ewaf}hoﬁ]&ﬂs (‘d)g'fpﬁbtaﬁgles or
vari abl.es_in the thousands, not mllions)., This

sol vediggleshe Nesh r Bnistspn St it pupdogei ﬂrf@actm @r%rfﬁs
illus e t t es

| nventranrpaday KN 208 ABhaRIShEER" B ghidfll S0P
pr obl ersytines sforl bibr pals of | the FSM Syre alopaied eon oﬁmﬁald;;an
be divided, intg re onably si zed patches 50
exanplPBPBEEAE g gf Reiop. oxdgrsh WA freaessentia f ol or sxtaderba
an adgibi ofake N BHE fhi ?calﬁ) b¥ %Llﬁev?éa“b r&t "of well known
transitioned to zero (or 1A) grayt so as to not
to i ntcempbv(evaWetthcmﬁrpleseht stai SQBaﬂertatSuﬁbachrpneﬁ(aegldbﬂ
patchéﬁﬁaog.{wow be err %C? and .t he sterizat

pr obl & YIS TREOG; s%% SR Brio FERAIR SREIG e,
The s@kaftdiRihssil éducgtﬂrlg gdLin FIG 5, would be valid
S‘vvrth a great degree of accuracy) on the pixels on the
0012 hal pe&quﬁate pleovex Ehepirasept {nventivryersboimplpmentsd in
enabl gl ob I qpt n C vi de
the boaidife 0P, A0 SRR SCTIRVNE ple  BLEYRRS
and ed@nssquently, M fvention HAH &]a 1&@&)&1@!&&6&@%@ @nvironment

techni gues from 2D Fourjer anal ysis, inmage

pr oc e 9% PR SYSiEROmeIBEh Processg SYaemy cEor exapyple, the
appr o, f t [

or eat COTRE, e 182, ORI ELRS e HEYEISHed gn o,
be appbmgutet sygtrot oAint ¢xagipdepley sufto @ S@jmpTibes s‘ysemd 9001 is

t he di fract orders within the essential pupil Ris
a Fouf %‘?n{“r Or mation of the transmttance function
gbox2kp obj Qr@tFIq %0, fthe cBaphiet 's9§teﬁ1h9003 Ricedes | dHeOor more
fragnents g (x,y), so that % =] g(x, g&‘hand each
f r agnPFRCCPOB sHehes & Processaln 8R4t t“étmmf:%ﬁa@t caf bgrp

obj ect Y, e

oi ol SOty Tedcomplaltibfn oboh BHBLE. THid
I NSi derddesser SO & nnéxted e’saacmnimmmtmmhfrsmmaﬁm po® (foof
LN Ok, bt PiRisretSe Vharasefing G BRSNS 4l
Fouri %&o&ﬁ@éﬁxpfeﬁﬁ& @ ﬂu@%xén?ﬁ&%%hﬁﬁté‘r IsPEE8RN AR tiEng
obj ect q (x,Y). many éfficient; generr C

trian salesﬁzmpnnlttwﬂhhc@u@sappmut t FROPETSOID skiflod d en cthe
ob] ectRAbaRaRY & Rarlipit a8yt duife ot CobRer
parti @zgétﬁﬁs aﬁi/wdoﬁrpﬁte@ afchlte@ell obj ect fragnent

descrl ed above, satisfyi nﬁ)gt he equation: [0091] The
801281 on i db @wemp@@ﬁﬁmt@a asos meluges panain andragry 908,

soI ut

appr ot ngp b, Bd ey afolAEAd £ ool ERBGEFBIE Ths

i nvol sedopdatyl nermened Ml mpiy isdlsdg dpaeemiplé,a hind diskt brive
pi xel . Such sol utions of the truncated problengs can be

pr ecofBarRE Ok AT SiaEZE Mﬁ&l&reﬁ@ae@mg@ Honpyedisk
ff b
COPy AN PacrblE ARG ARSI B0 AN BD THE ARGV AT

rel ative e preconpute
filt erstommfcﬁ*wel%ntrsads [f09 24d/érowrites td & cémmowtable ssoragd unit
pi xel s, nost of the pixels sanpling the
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edge of the feature will sanple a straight-1line
segnment of a single edge. This straight-line segnent
WO 2006/0836aEt eri zed by two paraneters -its positPONUS2006/002823
within a pixel and its slope. In order to pre-conpute
the grid filter coefficients, one has to consider a
sufficiently I arge nunbers of conbinations of sl ope
and pB#8 tinomswell kinheneuigener] e 3lenfvable 6stpragarnnit 918,
illustratiaon 0 of,. 1t he dependence. of ..qrid filter
coef 1 IBTSHItE 2aoPRS itk GareRE FPangP e SRkt SIhs 57
edge By RlXGLittdR4%o BETBRASTALM isRiladehativdotih. PRSI Hilorbe
and slope influence the values of the grid filter
coef f pppiresiatsd, the Bmogable sigzage a9 18 inclygies @ cpmpytsy usable

tio ; : : 50 ; .
P e “BA PGPl e BBe Rl et
pozipes am altemiite g%gleme@xfaﬁbmth\eeeadnaaﬂy Belgerysi Otosy

pi xel 604. A graph provides an illustration of a
45 edipslusle athes simile mema for abovipg cprapiitsh progsayes or other

conse f i - ' r

coor t MSRAGRaR 1o bR 1Gel itoRAE oHRPRY Sterd SOGT Such mpus

r esul iapgingkde} ifen eXampleloa nemonstle ssaagd ynita®22s fayd tde

constraints é%gO). Accordingly, the solutiogn is

opt i oHEFIEresEH). e W‘Piescﬁ SUh MC38% Spadt Fiuiep R RIGERM

N0 LARidRNIT Rl Sthofbiod (i Rt BERY b0 VB! uniehe
e s in e

sol ution sul't at t resulting rasterization
r epr odexdess),t heentivablecnereotyadhip (rigle as an FPRONN onBROM)

known as |light |oss, nated gbove. F one test

pat t oA SRS PO GBGBE PIPeE STRT AL Siece BRE P%fnd

r esul tiditetfcelod0RasdeslicteshiiwRdas dpdoticttsfersd fbapo

of the dose of the original mask. [0095]. Constraints

on gr Heremesatleytoraze uaid 022 i the QoBPULEHYS Oat.i on
Pt [ rs ISt :

TRB381 ono s wbis St o0 iy S biie SXoRhiifeabht

(12) gnterfgee B4 ABREhmAUNGGationssimedfaad 824 allovs ddfivape xel S

15 ik i B WL
may aﬁ@i/ikes{"i%)@gng{lé% ot onSnicdtidnP A& EicE 924 Pr%%ﬂ&ﬁde a

t he pixel no I on constraints discussed above may
r esul tnadempoas aletwdron igerficst Wsueh ak| apoddheragtntcardora

the given right-han j ! e 0 0
{1 na chemuB AP R BC sPLi T, b Ay Slare o
0 < gtrandferred WiaSthehcofhuti¢Aione kitsdffee 92U Mblih theSathi of n
an aerial image, identical to that of the ori ginal
mask, signals P8 srhictomay be electrprie, deciropmensiic gRtigah oF gthey 2
e . . . |
previ g%?fé%\%ﬁb%é?fé%gﬁf e?ég%tdh C%E@gﬁ@?}g% S% '
appr odtiese §ighAly P2Siagnprovidedtto [the beminpsisatias uhtesface 924
reduction of the dose reachi t he expasure area, thus
e MG PRI Ra 42t oLt OB e QA PBTIohr
| NCT SRR sigRalXP8SHCmEY BB idfbridied (fGs AR SIHE, Giber
throughput”. It is therefore desirable to utilize the
mul t i piptics, tay pbéna hige,salagllilenphore dink, paRB2dinkasndather
problem w th ution pixels in order to sel ect

ub- r.esol
a sol &PW%%WW@% in the |east light |oss, and

qoeRep!l Y evgnthd biegéit s%m&aﬁoxg Offieatcdfils t WwohlpRtedr tegtlatad
phot omask. [0098] To achi eve this, one can solve an

ex enplmediunhandicemputen ussbly medivey arg veed te spresall isfer fie
unknowns.. X I3 upj t b A = R
(i )m%qlé(é{‘:h%% g’be] g@?ri{ov%lé%tog%%‘c’e ﬁv%@tlg,naolzaé-ﬂl ?11s1§‘éx%}all'ed%

onconsitfaints
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di scussed above , (iii) g > 0 .[0099] Light [oss can
be m nimzed by, for exanple, finding the rea
w@raygesses (g), in the follow ng exenpl ary expPeESEmNG/002823
such that Ag Rg- g g+ [00100] Even though the above
system of |inear equations is underdeterm ned, the
modul ation constraints on g may result in that a
sol ut therhadbdisk dove 22, and thersignatst R8n Thesmenmpuertpsegrem
(right-hand sides . [00101] . The .sal uti on n
hever PRARES &oisits i PR OBV PET eamaier Siem 09,
90327 9 R Cdhputdr progiarfis Yalsd QRAEE bornb@ee oifirad 1odic) arean
attenuation constant. [00103] To expose such an
at t ensfateddinpthe tragin memeryn@Qfdand/er thecresensaryt memesys &10.
propogtional 0 (1/49)2,.- i I r
excanprRmBHGE Resram SRl AP RurecPee ot Juf oBiealiGhs

t echnjmgaiese 924, haschbeppuidisabyahs] hatn desmsednessblé thebe
increased by a factor of up to 6-8. The rasterizati %n

t echnFeuputerf systee POQtocimplene the piesent Apvenbiers ay digpsse

I osseﬁerg{n this order. [00104] The above is a |inear
programinhg probl emand nmany efficient algorithns
¢00128] f or [ passiotlat,i the .cofiputer ppeurams,hwhanetreuted enabie h

SLMs of any nodul ation principles - as_.lon s. there
7S o hoauperapn 04 de imBlelene PIPCPES P L RIteRLIFueon
each npi - \\k ctd r S L

havi n%cgﬁg%ng% nhstu%?mr%)lﬂlﬁg{u?ogﬂogri nc?ég[hggﬁi %ﬁ%lg@sﬁﬁmthe
Wi t h tomputagsystent 200. pByevay efretample imithe embpdimepisafithe
wth steps. Pj.stonin irrors are |e obvi .

al so Bﬁ’ﬁgﬁ%n’d epfOSBS%%mgle og%ige{fg)gnfécf isbc}' glrgngliu %]r(fc%?stmg
Pi St OBidRRs B lehbddetd Bl Hecodidr GACKE BerfoBRE05] chaputthe

case of pistoning., a non-linear approach can be used.
A obakowpalilegio-alWhere theilnpyention is mpdrmeited wyng software, the

opt i . . T ' .
of pi oS 1 Ao ol Gl RadlElte.
exp(i i) caapterr §8tehi 900 usiogionemiovablesstargodieve PB4, ithn.
[ 00106] tfe that there is no need.to_jippose

const M e 2 9T thecopypiyucations p@qrfacg?é ‘on nodul ati on
range ([0, 2p]) is available for all pixels. Pistons
outside this range are exac jvalent to their

val ues nod 2p. [00107] Té@ﬁmg&stem of expressions
(15) is desirably solved iteratively, starting from an
i[potdop! estingBirbRht idNehlidto psvidedla LhiGeE dptica rasterization

i npl ement ati ons using the consi dered cases, the

i t er atappivscte Greb anaiches rthe aupil dic)d genarated Byjthe EhtenJRask-

starti nabl.e initq4al (@] n
csti moteiGich LEES RBA0 afodll Wb colliRAy (REGLETRY o
of t himsodubitiongrinsiplehaithé torprastdestizs. dhos,dansmgdhe present
graytqone mmcking errors. [00108] Redycti O&QOf%ﬂa .
const MAYSHEALo RO ASPURHR SRUBIETT o4 Yn TRe b
one: Gven: st digfy the constraints g _ <
< g iR Rl 1o S A (e 0. cos(p)
d08130] cos ( Bor Any feasidlp combbmtion of SEM tgps agyd Dptimigation

and t f}\'?Ig’chod, the present invention includes a version using the matrix A,

discussed above, and one using an FFT. The latter is either applied
directly (for linear methods), or indirectly (in each iteration of a
nonlinear method).

[00131} The present invention also concentrates on the issues of

computational performance of the global optimization techniques and
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A cos(p) (1/d) (R Ac) = R , for which an

unconstrai ned optim zati on nethod can be used. [00109]
waEz@apsmsss of |ight [ oss m nimzation techni qUEBCHIUS2006/002823

provi ded bel ow. [00110] A first of these exanples is

based on patterns of |lines and spaces. The paraneters

includes pitch [135; 150, 195; 260; 715]* nanoneters

(nm) provides dnlcfinciontdnethpd gEperémeRsicygatpp; om @ yepslarge

107. 20) *nm... M The |ines..an .
ahi 1 ¢ Sgicts ohfsors 157 uPE 3P BF SRR AR Jindisicc

| magi gﬁ»bﬂabﬁﬁﬁiz@tﬁcﬁq @e’cﬁr}ith:‘slﬁﬁﬂygfe@éﬁt sﬁ@ﬁﬁ@inﬁthg)}ow
M=30/ 8000; (magni fication) NA=0.93*M (object-side
nuner bethl cameitetipedl timey indaMesOry s FRgRUemenigo ygmately
C- qua <0.89, 30 deg b.a. 00111] SLM pi xel s:
pi gt oﬁeﬁ%@ﬁg?&ﬁ?l ting mr rorg, L_x) :[ 8 m c]r onet eP (ran)
(G 32RN0MeDetier (a8pactsnaf B Bestheinvetion Bich exthepdneylatidee

gl obal optim zati on techni que of the present _invention
i s us&wthadolegyi prescatadn berefy gan) b copbingd, Wath; ﬂg? Ef?éales%

Att p - Shif 1 sk [ g{s%,t | B

gr aphpgtgrﬁm?{i{)%ém[e@g? %Tg’n&)%%g 0 orlrllk %??nﬂ%}s ﬁg‘hﬁnﬁﬁf ¢ i ogges

VS. plircipravide pokigheotevel ofilihegrapite mierfoomancei for many

support, of the first ex le. As showmn in FIG 7, the
m ni nﬂkf%?%ﬁyﬂeﬁﬁh?oqﬁéé Y&t or, created through use of

t[dnﬁspr esentryb BBt i bnti¥R hhEeeAidBERMEH YbdveanBRtiRtid 6f
the Ti1ght loss factor resulting from conventi onal

t echnifupetionali usldinge blogks ilbystraing theuperforgramest of 1specified

posi ti.on..of the pattern..|ln Fl 7. W LSt oni

i r oG e BRI therpor | R phundiidel Pl bt
unl essufldiag PbloeRs | Bavgr @bl atbiteamily 206Med [Hefkld 3forAshe
noted above, FFT deconpgsition is_ one other technigue
t hat eepvenienpaefthe dessHRHOR cAlgiRats bpylapghcan b?fdeglrl 0
opti m iQn st eLi-zat i : F X : ' i
(7)) IR, B MECHRLIR  Riioh? [ BRI GehlyR TR AR
di scr eppropiiatefy gehfermedel graytones) and a rectangul ar

[ K compose f selected.rows pof a.di agonal
TROTE (Aol Mgl fentfeige s ofe, Pibia R Kot angh
of t hg,@RRITQRE Rlafhe P AHRARHG) [ThEY, thé bidaath A &ope @AMhde
used to conmpute Ag in QN In time without storin

t he Ajpomentringentionshedd ngtibal ) %abysmy 94 the Fheverdescrhe
e .
et o SRpbiafy ikofiRls B Mouf BB G ofisf BB hnce

mat r i Xvitk the following clainksTandtthdikéquivalen®.[ 00115] The above
FFET- based techniques to conpute A g and 1 N _nor
dB9IA8T s bHPdPTFEOBE SRaDAiGh of His JEFE FEPABERILEALSS o
acCoumd Qhvehi }hengé?fei'dé r}ﬁﬁﬁb to¥ thd RAHbR thR® othdrk Ichn, by
constraints on the nodul ati on paraneters, and (iii)

| i ght applytngkmiwtedgatwithin thogkill Of tikhart Gingluding the centents
(unconstrai ned) rasterization.,reth C b .
re- ex p?? HTE rﬂl‘ﬁeﬁ @ﬁ?dﬁéerﬁfiﬁ?al%iﬂ% n?oéﬁ% b"in%ﬁ a?"g}jt frovagious
escapepflidhiioht X kidii t Sspedlfiex e ehbb@itentsOr agethaind sndeael.
For exanple, for Aerial |mageTesting (AIT) in short

term experfimantationy tvithout depasttng dopp fhengensed coaserbofBed

for large SLM array. 5 o Se

rel atif 69t PX??”O(HO. g%eg%t?peaé‘é&mgdﬁ? %gg}éésjlnﬁ{egrr%@)ﬁ cﬁ% s are

Addi t ijpealiddyto e gl ahd aapingtadd range of equivalents of the
disclosed embodiments, based on the teaching and guidance presented

herein. It is to be understood that the phraseology or terminology

herein is for the purpose of description and not of limitation, such that
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iterations can be re-expressed by using the A matrix
to achieve simlar results for pistons (p). Based on
WOo b@ep®BHN rasterization result, an FFT scri ppCT/AR2006002823
used for constrained graytone iteration rasterization
wi t hout explicit use of the Ajtnatrix. [00117]
Cenerally, the gl obal optimzation techniques of tiie

pr esefite fermiantogyror athrasaolosyneé iba brasepts wecikpdion i§dpde
bet ' ] d k ' .
e AT TR o s

ref | epidséiffed Weted, eirt Womdidatien wali i the i laowdédgehef one of
reflectivity across the pixel mrror, light reflected

f r om pulinary plelldn thetel. SLM ot her than the pixel nirror
pos . } . .
SFBR% Cpt e Pefaiba e FRER ST BARRE bhuted 1o
mat chagerplee tHd ddithsi Mhe Sempaypy bnd Abstratsdotionssnaly tep forth
conpensate for the known PO aperratiqns.  For. exanpl e,
for tRBE CASEOE RubHMt et qxplgﬁla%ﬁaltbr’&éwtﬁ R etg% mang%%?t
aberr atj.on u : fhLaNng :
abor r ApyeEo, 8 BRASRLiGR, B (EASSUSHD, R s, are mo
r ast eintemded oo limlitghe cleimms. i s to match the field in the
pupi |l U(fx,fy). If G obal Optimzation algorithmis
given the pupil field to match that is equal to
U(fc,fy)*exp(-i*Wfx,fy)), then the resulting
rasterization will conpensate this PO aberrations.
[00119] The present invention can be used to
conpensate for defective pixels. For exanple, if a
smal | nunber of defective pixels is present, the
remai ning (working) pixels will still be adequate to
mat ch the desired pupil field. The result is a
conpensati on of defective pixels. Defective pixels
generally do not affect CD, even if the defective
pi xel falls on the edge of the pattern. [00120] FIG 8
is a flow diagram of an exenplary nmethod 800 of an
enbodi nent of the present invention. In FIG 8, an
original mask pattern requiring rasterization and
deconposition is provided in step 802. This pattern
can be provided, for exanple, to a wafer witer within
the control system 102 of FIG 1. These patterns
typi cal l yconpri se a union of polygons, possibly with
phase and graytone varying from pol ygon to pol ygon and
background. The pattern is be rasterized and
deconposed into elenentary objects (e.g., rectangles
or triangles). Next, in step 804, the pupil field
diffraction orders corresponding to all the elenentary
obj ects are generated. The graytones for all pixels of
the SLM are located to optimally approxi mate the
diffraction orders within the essential or extended
pupil in step 806. This can be achi eved by operation
of well known conpl ex-val ue techniques. In step 808,
the state of each pixel (e.g. the tilt of its mrror
or a voltage) is selected so as to enulate or mmc
t he graytone assigned to this pixel. [00121] As stated
above, the present invention can be inplenented in
har dware, or as a conbination of software and
har dware. Consequently, the invention may be
i npl enented in the environnment of a conputer system or
ot her processing system For exanple, the contro
system 102, or portions thereof, can be inplenented in
a computer system An exanple of such a conputer
system 900 is
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shown in FIG 9. [00122] In FIG 9, the conputer
system 900 i ncl udes one or nore processors, such as a
w@r@ees®es 904. The processor 904 can be a speerCBIUS2006/002823
pur pose or a general purpose digital signal processor.
The processor 904 is connected to a communi cation
infrastructure 906 (for exanple, a bus or network).
var.i ware i nplenentations are described in
tghh§¥i$%ﬁ;#Qﬂ Iary conmput er system After reading
this description, it wll becone apparent to a person
skilled in the relevant art how to inplenent the
i nvention using other conputer systens and/or conputer
ar chi t bet ur&metidiDfop ddterfiining atapstof spaiab Hi N adiS O
i ncludes a main nenory 908, preferably RAM and nay
SEM) pigdlsl then Rths £&: sherd TP
ﬁ%nnrgﬁ910 may |n(:Fm>g§5r for e%ﬁﬁ%%@pn@ﬂﬁ%ﬁ@&?ﬁﬁ% drive
Wbtlgor a renovabl e storage drive 914, representing
a flloppy disk drive, a nagnetlc tape drlve an optica
di sk q{ Vehn ﬁ q vabl e s &@’ve 914 reads
from an i e 1(0805 qr%%%{%tp Wé @Pd lonskofi3 in a
mell The renovabl e storage unit 918,
%@%@@nat65|béfﬁb€z/ll@pgnaphwgm,.aadt ape, optical disk,
etc which is read by and witten to by renovabl e
st or ag@néigiing the atatepof thiel ILM pixeisio ewitelt dedormiieel
renovabl e storage unit 918 includes a conputer usable
siffraatien oeldisuatated\to iy debisdeshtieier ei n conputer sof tware
and/ or data. [00124] Ih alternative inplenentations,
the secondary nenory 910 may include other simlar
means for allow ng conputer prograns or other

ooo! L1 Ol AR Wikl BE ANIBHL LGNSO

900. Such neans nay or exa

R B L RSt G e PR M i g

cartridge interface (such as that found in video gane
devi ces), a renovable nenory chip (such as an EPROV
or PROV) and associ ated socket, and the other

removabl e shhemegileod nficlasmd? Wharein the@izieh ttates acaonf@fed
whi ch all ow software and data to be transferred from
tth substmtivlipinetch tlor dagzedidiiffrac®id’d paterhhe conput er system
900. [00125] The conputer system 900 may al so i ncl ude
a comuni cations interface 924. The conmuni cati ons
interface 924 allows software and data to be

transfser r edrRehWREd of aﬁfrp9 %&% tl?eyrﬁgtgﬁnogc%g 0L an

ext ernal devi ces. e conmmunicat ' ong

nDde netmork interface
fg ﬁé%&aegg%{@réﬁgw %Hgiﬁ 288 F(‘E‘htl ons port, a
PCMCI A sl ot and card, etc. Software and data
transferred via the communications interface 924 are
in the formof signals 928 which may be el ectronic,
el ect Pormgrie methogin icleith dowherchethe detgneinmgdagiaddsa of
bei ng recei ved by the conmmuni cations interface 924.
ThedipeaieypabsoD@Bcrbiag ppapil el withih e FE@MUNI cat i ons
interface 924 via a conmmuni cations path 926. The
conmuni cations path 926 carries the signals 928 and
may be inplenmented using Wi re or cable, fiber optics,

h I I - | |
ot hor Oz ommiey R Eee afh aNiRGIn (i ol na o B

cation, the ternms "conputer readable nmediunt and
%%ghﬁﬁt ARPTORIMANOB- redi unt are used to general |y refer
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medi a such as the renovabl e storage drive 914, a hard
di sk installed inthe hard disk drive 912, and the
WGeLgaat®8928. These conput er program product s PCEUNBaNE02823
for providing software to the computer system 900.
[00127] Conputer prograns (also called conmputer
control logic) are stored in the main nenory 908
and/ ofr7. t he The cuatiehalk of sy, yhetetn grapiope ermropingoR it may
al so be received via the communications interface 924.
Susdtion @fpikcbstate haghfss. When executed, enable the
conputer system 900 to inplenent the present invention
as di scussed herein. [00128] particular, the conputer
progranms, when executed, enable the processor 904 to

I npl engent LOCES _of . | |

Accor dri ngl W%’Ee ¥ c(gsn(%%?lglr’ VJr]Jﬂ ?geér?g%s%gﬁﬁe%ﬁe}l é:cﬁ{ﬂpgﬁ]sates
control l.ers of the conpyter system 90Q0. of
dBsRIsEamisAstoRited Bty mea R don tharacke sﬂ%q{ﬁ?{%w he
processes/ net hods performed by signal processing

bl ocks of encoders and/or decoders can be perforned by
conmputer control logic. Wiere the invention is

i npl ergent edhesheiodsof daiar  whehsin thefdifiaciomerdedsaresd or ed
in a conputer program product and | oaded into the

CRARISHIT PRY Sl caDAb ettt d) BodrBiRates P8 bk endddqiuplardid ve
914, the hard drive 912 or the comuni cati ons

b EELAEE v A7Aen ENCLUSI ON [00129] The present
i'nventi on provides a unique optical rasterization
approach that matches the pupil field generated by the
gi ven mask. The approach takes into account the
constraints dictated by the nmodul ation princjple of
the colft rash Tebed & pekfpsming,oRierhigsieHelgmeRicaetial light
invention, nore accurate rasterization can be
peodulatoe (SN pixels i ailiteagraphyisystero 98 affsnction it 9ipupilof an
[ 00130] For any feasible conbination of SLMtype and
Gitdl ninzslt i tonrdvktizedand: kiecqgmmsens dasiredtpattarn, nihe uchethod
version using the matrix A, discussed above, and one
isgfy: FFT. The latter is either applied directly
(for linear nmethods), or indirectly (in each iteration

of a lsliaﬂﬁ?g)ugﬁtﬂ%?cph'fﬁ[a&%%herl%rr@%%ﬁtﬁfgf% th rb\kl%HéﬂtaQ?

al so concentrates on the 1ssues of co i ona

per.f or manc f. | obal _.optim zation techni ques

a&éﬁ&%ﬁsﬂ%g ecgﬂmé?% %%ﬁ?km Bt fiod to perform

rasterization on a very | arge scal i1lions of ..

mi r r or$etgminng j graytongs, fog, xaéﬁﬁfe &ch“xﬂ%e%‘é pwEmally

gl obal optim zation techniques in the present

sippnoiineterthe generpied idifigeiion eeisuvishin snaAssetipbpynbof the

menory requirenents, ultimtely reducing costs.

[ Dbdg2phyXystem;ampect s of the present invention, such
“as the enul ati on net hodol ogy presented herein, can be

conbi nggecting B stabtCofPaabpixelaplehdiil#@s c@respBidiagigralone

obtai n graytones. These conbi ned techni ques can

p ' aigher level of Iithographic performance for
n%%%h@fg% rent types of contrast devices. [00133] The
present invention has been descri bed above with the
aid of functional building blocks illustrating the
performance of specified functiaqns and rel atjqonshi ps

t her eotl- Thgh%%ﬁﬁﬁgpf6@“%?6;W%ﬂﬁ¥4hﬁﬁ9qqﬂﬁé CHIFT Y ng
bl ocks have been arbitrarily defined herein for the

c detemiiiing eeooiplaxhualupd distiilpitionref thel grevterasend dihdar i es
can be defined so
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| ong as the specified functions and rel ati onshi ps
thereof are appropriately perforned. [00134] Any such

wa@bkdosnsmse boundaries are thus within the scopecBn82006/002823
spirit of the clainmed invention. Thus, the breadth and
scope of the present invention should not be limted
by any of the above-described exenplary enbodi ments
etérnsihiop lgchybme deftiin seluertoymaprihe comples vekedidismitukien of
follow ng clainms and their equivalents. [00135] The
friereeeines irfle Serjupllifel Wfoughehsgeaitial puglrbodi ment's wi | |
so fully reveal the general nature of the invention
that others can, by applying know edge within the
skill of the art (including the contents of the

references,.cited herein r L ' adapt
for vario ugﬁea’ﬁlﬁﬁ%f)‘é SE ?‘8\%‘1 1%’[@% g%%é%e@%é%ﬁ%& %ﬁeﬁeﬁsm s,

wi t hout undue experimentation, w thout departing from
tnelidgenBRIgN OEBAlYERS- of the present invention.
Therefore, such adaptations and nodifications are
intended to be within the neaning and range of
equi val ents of the disclosed enbodi nents, based on the
t eachiing amhe guihdd e elajm ¢6.cwhazeintler détermihing iicludss be
understood that the phraseol ogy or term nol ogy herein
' PR3 eEhf@Rer i ption and not of
Pﬁﬂ%ﬁéﬁ?éﬁ%ﬁﬁfﬁch tﬁgtthe t erm nol ogy or phraseol ogy of
the present specification is to be interpreted by the
skilled artisan in |light of the teachings and gui dance

present ed rein, .l omji.nati on wth t n of
one of%or di %F’;‘iﬂ‘é’m?fﬂcafrﬁnqp h‘gﬁeﬁpﬂtwel’ﬁ%te lﬁ‘ﬁ%‘iﬁi a(eegéagéj&%
Description section should primarily be used to
ifierethe sequptineluding tiltgmeterad Bolagisvelnd Abst ract
sections may set forth one or nore, but not al
exenpl ary enbodi nents of the present invention as
contenplated by the inventor(s), and thus, are not
i nt endsd t Al dpphriatusiier ddtainiminy\éAfEs bSspaLial gbDnic8ulator A
nmet hod for determ ning states of spatial 1ight

h BhRLs 1h 2o gpiptSls§stbi cBnfifirbO@ @iy deyisddgmittern,
confrgured to print a desired pattern, conprising:
q§ﬁ§ﬁgh ing diffraction orders associated with an
irde sk of a pattern to be printed by the

i thograph te a conf i L
sLm pieers e Ut Bl An uBlE SRef SR a ficdmbde
related to the desired. pattern. 2. The nethod of claim
rﬁamﬁﬁwaﬂ%bﬁﬁaﬂ%$§Yﬂ55% %ﬁmﬁﬁﬁﬁ?@nﬁ¥g'representative
of characteristics associated with the SLM pi xel s. 3.
The mendaos fasfeonfigiringthe stptes ef fhe ShM pixglsito gafghes ar e
configured to substantially match the desired
diefdrmaredidofifraptidn @ders réated hethededicd pafternl ai m 3, wherein
the match occurs within an extended projection optics
(PO of the lithography system 5. The nmethod of claim
4, wherein the detepnining includes a non-Ilinear
expr esg on HesHtibhods etal P lwifd:eh thoitcod BRIeRGro O

0 . W e

The nethod arm herein t det erm ni ng

SRS SRk B SBRA TR S s o

function of pixel state paraneters. 8. The nethod of
claim1, wherein the configuring conpensates for
constraints associated with nodul ati on characteristics
of t hel7SLM The apparatus of claira 15, wherein the pixel states are

configured to substantially match the desired diffraction pattern.
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9. The nethod of claim1l1l, wherein the diffraction
orders are a function of PO nunerical aperture,

waeowsmsisat es of the extended pupil, and a il | uPCTVEE20061002823
wavel ength. 10. A nethod for performng optica
rasterization of spatial |ight nodul ator (SLM pixels

in a lithography systemas a function of a pupil of an
i deal mask to rasterize and deconpose a desired
pattern, the nmethod conprising: generating pupil field

diffragti onnﬁragﬁaratu@ OF EiafP oMo Htgeih theah &0 B¢ @EywWilkih@at
associated with the desired pattern. deteraiing

AR Brise RO I et Sl DE i Vi

essential pupil of the |ithography system and
selecting a state of each pixel to enulate a
correspondi ng graytone assigned the pjxel, . 11, Tge

met hod9of dhaeppargus ofdaiar 1S, prheredibe deterginineinglydes 4 )
deteraing a conplex valued distribution of the
goainemespression descdbingrarpupil figldgwidlyin tkeeP@at ri x val ues
to map the conpl ex val ued distribution of the
graytones into the pupil field through the essentia
pupil. 12. The method of claim 10, wherein the

el enenfary ' ' Is PRINAOMmSIudds3-
The ng?hod1%Ph§ﬁ%?w$Qgggﬁﬁg%gwﬁﬁ?ﬁgmggferni%?ng

i.ncl udes operati.on.of conpl ex-val ue techni ques. 14.
TREFPHIG WPTHIH™ 0, wherein the state include at

| east one fromthe group including tilt angle and

vol tage |l evel. 15. An apparatus for determ ning states
of spatial |ight nodulator (SLM pixels in

) | a .
| i t hoglaphyAm \apparaiug dier ingtfpeaing opbicaln Fasterigaiqny gf spatial
pattern, conprising: neans for determning diffraction
dighe rdakisaq SEMY (indls n @lithogephy systdm of a fugstion of A pupil
be printed by the |ithography system and neans for

Conful LAl Mgkt fSragibideemdodectposBlMigined Ipsattérn, thmtapparatus
determ ned diffraction orders related to the desired

p .16. The apparatus of claim 15, wherein the
d%%h?gggfon orders are representative of

characteristics associat. | i difie t
The. apfiars: ne EpAERgy pRYE teld ket SR fierondit 0
are configured to.substantiall tch the desired
aelemeniasy; eciAsEate ?tﬁ%ﬁeﬁé‘ﬁ%da?n%ﬁffs of claim 17,
wherein the match occurs wthin_an extended projection
opt i csmegE)fopdetenining erayingp FF aélyg"ﬂ}éﬁné%mﬁg@ dptimally
apparatus of claim 18, wherein the determning |

i Apirordamteathn enérated aliffexiiore sxiersnwilkis i essagiahpyibpf the
field within the PO. 20. The apparatus of claim18,
WH@betaphy Steédgt &dm ni ng includes |inear graytone
approxi mation. 21. An apparatus for performing optica
rast er jeald ¥psaictinp alsta of éa@lﬁ‘?ix@ﬂ@_l&rﬁﬂaﬁé a c&ddpomiixg! s
in a lrthography systemas a tunction of a pupil of an
i dea] mask t a rize and deconpose a desired

p Pﬁ?ﬁ?ﬂgﬁé%%éégtus conpri sing: neans for
generating pil field diffractign orders :
cor r espondi E t OAQOQ?EFFFQWE‘@BFE U SR ey W h
the desired pattern. neans for determ ning graytones

f sequandes of onder 18pIYIipstvstienstfor eeeptian hKone of more processors

to perform a method for determining states of spatial light modulator (SLM)

pixels in a lithography system configured to print a desired pattern, the
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approxi mate the generated diffraction orders within an
essential pupil of the lithography system and neans

wb osocmeieest i ng a state of each pixel to enul at BCBHUS2006/002823
correspondi ng graytone assigned the pixel. 22. A
conput er readabl e nedi um carrying one or nore
sequences of one or nore instructions for execution by
O fistractions fehep eREREAByIhé ondddthare pracesmid) oslist the one or
determining states of spatial |ight nodul ator (SLM

phﬁﬁéﬁmk&mémhbb&ﬂﬁﬁﬂﬁ@¥m y§t em configured to print a
desired pattern, theinstructions when executed by the
one or ;nDre. nro S { e 0 I
or oces SEFEIPHIE ﬁ?%@%%?ﬁégﬁggﬁg gﬂ%ﬂﬁg%%$ﬁﬁﬁﬁﬁgfa
diffractjon. order ssoci ated with an ideal mask of a
pREHER P 'I?%P%egﬁﬁlﬁ 9PN SYSIERNBYr aphy system and
configuring the states of the SLM pixels to match

det er nicerdtuging theestatesorf the HeMspixes to watch deteneingdsi r ed
pattern.

diffraction orders related to the desired pattern.
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