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5144606US TITLE OF THE INVENTION [0001] Formulations
For Injection Of Catecholic Butanes, Including NDGA
Compounds, Into Animals CROSS-REFERENCE TO RELATED
APPLICATIONS [0002] This application claims the
benefit of U.S. Provisional Patent Application Nos.
60/647,495 and 60/647,648, both filed January 27,
2005, which applications are incorporated herein by
reference in their entireties. This application is
also related to an International Patent Application
filed simultaneously with the present application and
identified as Attorney Docket No. 682714- 9WO,
entitled "Oral Formulations For Delivery Of Catecholic
Butanes Including NDGA Compounds," the disclosure of
which is hereby incorporated herein by reference in
its entirety. BACKGROUND OF THE INVENTION [0003] This
application relates to compositions, including
injectible formulations and methods for administration
of catecholic butanes, including NDGA compounds, such
as NDGA derivatives, for example tetra-O-methyl NDGA,
to animals, such as humans, for treatment of diseases,
for example, cancer, psoriasis or other proliferative
or inflammatory diseases, metabolic diseases such as
diabetes or neuronal diseases including
neurodegenerative diseases such as Alzheimer's
disease, stroke, amyotrophic lateral sclerosis and
Parkinson's disease. [0004] Nordihydroguaiaretic acid
("NDGA") has been tested for therapeutic applications
in certain experimental animals. For example, Jordan
et al. in US 5,008,294 described the effect of NDGA on
human mammary carcinoma, MX-I, which was implanted
subcutaneously into mice on day 0 (Example 2). Mice
that developed tumors were injected with various doses
of NDGA on day 1, in a single intratumor injection.
The solubilizing solvent for the NDGA in this example
was not disclosed. In another example, a stock
solution of 10"2M NDGA in 4 mL of DMSO (i.e., dimethyl
sulfoxide) and 6 mL distilled water was used for in
vitro testing on cells (Example 5). [0005] Huang et
al. tested the therapeutic application of certain
derivatives of NDGA (i.e., "NDGA derivatives"), as
described in US 6,214,874. In one example, an NDGA
derivative was dissolved in DMSO (Example 5). [0006]
The use of DMSO for administration into humans has
been controversial. Further, use of DMSO has been
associated with undesirable side effects such as
sedation, headache, nausea, dizziness, burning or
aching eyes and noticeable breath odor. (See, for
example, Brobyn, R.D.,"The human toxicology of
dimethyl sulfoxide," Ann. KY. Acad. Set 243: 497-506,
January 27, 1975.) If the catecholic butanes,
including NDGA or NDGA derivatives (collectively,
"NDGA compounds") are to be useful as therapeutics for
humans and other animals, for example, as described in
PCT/US2004/0161 17, published December 29, 2004 as
International Publication No. WO 04/1 12696, it would
be highly desirable to develop new formulations, other
than formulations containing DMSO, for solubilizing
such catecholic butanes, including the NDGA compounds
such as NDGA derivatives, for example, M4N.
Furthermore, it would be desirable if such
formulations are not only safe but also stable, have
minimal side effects upon administration to animals.
It would further be desirable to develop formulations
for these compounds that would allow distribution of
an effective amount of these compounds to the desired
target tissues in vivo in humans and other animals.
The present invention provides these desirable
benefits. BRIEF SUMMARY OF THE INVENTION [0007] It is,
therefore, one of the objects of the present invention
to provide one or more novel formulations for
solubilization of the catecholic butanes herein,
including the NDGA compounds, such as the NDGA
derivatives, where such formulations do not contain
DMSO and are suitable for 



injection into animals. [0008] It is another one of
the objects to provide formulations as above that are
safe and have few adverse side effects when
administered to animals, including humans. [0009] It
is another one of the objects to provide formulations
as one or more of the foregoing that have a
commercially reasonable period of stability. [0010] It
is a further one of the objects to provide
formulations as one or more of the foregoing that can
be administered parenterally to animals. [0011] It is
another one of the objects to provide for formulations
as one or more of the foregoing that have a
commercially reasonable half-life in circulation upon
administration into animals. [0012] In accordance to
the foregoing one or more objects of the invention,
there is provided \ embodiments of the present
invention as follows: [0013] A composition for
injection into animals comprising an active
pharmaceutical ingredient and a pharmaceutically
acceptable carrier, wherein the active pharmaceutical
ingredient comprises a catecholic butane, and the
carrier comprises at least one of a solubilizing agent
and an excipient selected from the group consisting
of: (a) a water-soluble organic solvent other than
dimethyl sulfoxide; provided that when the
water-soluble organic solvent is propylene glycol, the
propylene glycol is in the absence of white
petrolatum, in the absence of xanthan gum (also known
as xanthamgum and xanthum gum) and in the absence of
at least one of glycerine or glycine, when the
watersoluble organic solvent is polyethylene glycol,
the polyethylene glycol is present in the absence of
ascorbic acid or butylated hydroxytoluene ("BHT"), and
when the polyethylene glycol is polyethylene glycol
400, the polyethylene glycol 400 is present in the
absence of polyethylene glycol 8000; (b) a
cyclodextrin; (c) an ionic, non-ionic or amphipathic
surfactant, provided that when the surfactant is a
non-ionic surfactant, the non-ionic surfactant is
present in the absence of xanthan gum; (d) a modified
cellulose; (e) a water-insoluble lipid other than
castor oil; and a combination of any of the carriers
(a)-(e). [0014] The present invention also includes a
method of treatment of a disease in a subject
comprising: (a) providing the composition of the
present invention; and (b) administering the
composition by injecting the composition into the
subject, wherein the composition comprises an
effective amount of the active pharmaceutical
ingredient. [0015] Additionally, the present invention
includes a kit for treatment of a disease comprising
the composition of the present invention and
instructions for use thereof. BRIEF DESCRIPTION OF THE
DRAWINGS [0016] The foregoing summary, as well as the
following detailed description of the invention, will
be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there are shown in the drawings embodiments
which are presently preferred. It should be
understood, however, that the invention is not limited
to the embodiments shown. [0017] In the drawings:
[0018] FIG. 1 comprises FIGS. IA and IB and depicts
the results of cell proliferation assays conducted for
the C-33A cell line and the HeLa cell line after M N
treatment. FIG. IA is a graphical representation of
the ratio of number of cells present after M4N
treatment over the number of cells present in the
absence OfM4N treatment, where M4N was provided in
amounts varying from 0 mM to 80 mM in a DMSO
formulation. FIG. IB is a graphical representation of
the ratio of number of cells present after M4N
treatment over the number of cells present in the
absence OfM4N treatment, where M N was provided in
amounts varying from 0 mM to 80 mM in a HP-b-CD/PEG
formulation ("CPE" formulation). [0019] FIG. 2
comprises FIGS. 2A and 2B and is a graphical
representation of cell death 



measurements based on percentage of dead cells for
C-33A cells and HeLa cells in the absence orpresence
of varying concentrations OfM4N in a DMSO (FIG. 2A)
formulation or in a HP-b- CD/PEG formulation (FIG.
2B). The M4N concentrations varied from OmM to 80 mM.
[0020] FIG. 3 comprises FIGS. 3A and 3B and is a
graphical representation of the effect of
concentration in dog serum over time during day 1
after one IV administration to dogs ofM4N in a
formulation including 30% (w/v) and hydoxypropyl
b-cyclodextrin ("HP-b-CD") and 25% (v/v) PEG 300. FIG.
3A uses on a non-logarithmic scale, and FIG. 3B uses a
logarithmic scale of concentration. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0021] The
present invention provides for novel compositions,
kits and methods for treatment of diseases, including
proliferative diseases such as cancer and psoriasis,
hypertension, obesity, type I or type II diabetes,
central nervous system diseases or neurodegenerative
diseases including, without limitation, pain,
Alzheimer's disease, amyotrophic lateral sclerosis,
Parkinson's disease, dementia, stroke, and
inflammatory disease, premalignant neoplasia or
dysplasia, infection including viral infections such
as human immunodeficiency viruses ("HIV"), human
T-cell lymphotropic virus ("HTLV"), human papilloma
virus ("HPV"), herpes simplex viruses ("HSV"),
hepatitis B virus ("HBV"), Epstein-Barr virus ("EBV"),
Varicella-zoster, adenovirus, parvovirus, Jakob
Creutzfeldt virus ("JC virus") or others. [0022] The
present invention provides for novel compositions
containing the catecholic butanes including NDGA
compounds, such as NDGA derivatives, for example M4N,
that are dissolved in certain pharmaceutically
acceptable solubilizing agents, which together with
other diluents, excipients and the like (collectively,
"carrier") constitute formulations appropriate for
injection into subjects, such as humans, for treatment
of diseases. Such formulations are suitable for
injection, such as intravenous administration. A
suitable pharmaceutically acceptable carrier includes
at least one selected from: (a) a water-soluble
organic solvent other than DMSO, such as polyethylene
glycol ("PEG"), for example, PEG 300, PEG 400 or PEG
400 monolaurate, propylene glycol ("PG"), polyvinyl
pyrrolidone ("PVP"), ethanol, benzyl alcohol or
dimethylacetamide; (b) a cyclodextrin or modified
cyclodextrin such as hydroxypropyl- b-cyclodextrin
("HP-b-CD") or sulfobutyl ether b-cyclodextrin
("SBE-b-CD"); (c) an ionic, non-ionic or amphipathic
surfactant, such as polyoxyethylene sorbitan
monolaurate (also known as polysorbate), which is a
non-ionic surfactant, for example, polysorbate 20 and
polysorbate 80, commercially available as Tween(r) 20
or Tween(r) 80, d-alpha-tocopheryl polyethylene glycol
1000 succinate ("TPGS"), glycerol monooleate (also
known as glyceryl monooleate), an esterified fatty
acid or a reaction productbetween ethylene oxide and
castor oil in a molar ratio of 35:1, commercially
available as Cremophor(r) EL; (d) a modified
cellulose, such as ethyl cellulose ("EC"),
hydroxylpropyl methylcellulose ("HPMC"),
methylcellulose ("MC") or carboxy methylcellulose
("CMC"); and (e) a water-insoluble lipid, such as oil
or a fat emulsion, for example Intralipid(r).
Preferably, when PG is used, it is used in the absence
of white petrolatum, in the absence of xanthan gum,
and in the absence of at least one of glycerine or
glycine. Preferably, when PEG is used, it is used in
the absence of ascorbic acid or BHT; when a non-ionic
surfactant is used, it is used in the absence of
xanthan gum; and the oil is an oil other than castor
oil. [0023] In one embodiment of the invention, the
compounds herein are dissolved in PEG 300, PEG 400 or
a PEG 400 monolaurate (the "PEG compounds").
Preferably, when PEG 400 is used, it is present in the
absence of PEG 8000. In another embodiment, the
compounds herein are dissolved in a modified
cyclodextrin, such as HP-b-CD. In yet another
embodiment, the present compounds are solubilized and
diluted in a combination formulation containing one or
more of the PEG compounds and HP- b-CD. In a further
embodiment, the PEG compounds in the combination
formulation can be substituted with or combined with a
modified cellulose. Suitable modified 



celluloses include EC or HPMC, for example. For
purposes herein, solubilization of the present
compounds can be performed at room temperature or upon
heating. Particularly useful are those solubilizers
that maintain the present compounds in solution after
cool-down when heat is applied in the solubilization
process. [0024] In as yet a further embodiment of the
invention, the catecholic butane or NDGA compounds
herein are solubilized in a modified cellulose such as
EC or HPMC. The EC can be diluted in ethanol ("EtOH")
prior to use. [0025] The present invention also
provides water-insoluble lipids as solubilizers for
the present compounds. The water-insoluble lipids
include, for example, oils as well as mixed fat
emulsion compositions such as Intralipid(r) (Pharmacia
& Upjohn, now Pfizer), used as per the manufacturer's
recommendation. For example, adult dosage is
recommended to be not exceeding 2 g of fat/kg body
weight/day (20 mL, 10 mL and 6.7 mL/kg of
Intralipid(r) 10%, 20% and 30%, respectively).
Intralipid(r) 10% is believed to contain in 1,000 mL:
purified soybean oil 10Og, purified egg phospholipids
12 g, glycerol anhydrous 22 g, water for injection
q.s. ad 1,000 mL. pH is adjusted with sodium hydroxide
to pH approximately 8. Intralipid(r) 20% contains in
1,000 mL: purified soybean oil 200 g, purified egg
phospholipids 12 g, glycerol anhydrous 22 g, water for
injection q.s. ad 1,000 mL. pH is adjusted with sodium
hydroxide to pH approximately 8. Intralipid(r) 30%
contains in 1,000 mL: purified soybean oil 300 g,
purified egg phospholipids 12 g, glycerolanhydrous
16.7 g, water for injection q.s. ad 1,000 mL. pH is
adjusted with sodium hydroxide to pH approximately
7.5. These Intralipid(r) products are stored at
controlled room temperature below 25C and should not
be frozen. [0026] In another embodiment, the present
invention provides corn oil, sesame seed oil,
peppermint oil, soybean oil, mineral oil, glycerol or
alone or in combination with other oil or with any or
more of the PEG compounds and Tween(r) 20 or Tween(r)
80. [0027] The present invention also includes as
solubilizing agents materials such as propylene glycol
and any combinations of the foregoing. [0028] In
addition, the present invention includes suitable
materials for injection or infusion of the composition
into an animal, such as intravenous ("IV") tubing,
that is compatible for delivery of the present
formulations. Suitable tubing include those made of
polymers such as polytetrafluoroethylene ("PTFE")
alone or in combination with a fluoroelastomer such as
CHEMSure (Barnant Company), polyethylene,
polypropylene, fluorinated ethylene propylene ("FEP"),
Teflon(r) and platinum cured silicone (small size)
(Cole-Parmer) and the like. [0029] The present
invention can be more clearly understood in light of
the following definitions, which are used with other
terms as defined elsewhere herein: [0030] The term
"about" as used herein in reference to a concentration
or dose means the specified number up to  10% to 20%.
[0031] The term "active pharmaceutical ingredient,"
"API" or reference to the "compounds" as used herein
means any of the catecholic butanes of Formula I or
the NDGA compounds, such as the NDGA derivatives,
present in the pharmaceutical compositions herein.
[0032] "Alkylene dioxy" as used herein refers to
methylene or substituted methylene dioxy or ethylene
or substituted ethylene dioxy. [0033] "Unsubstituted
or substituted amino acid reside or salt thereof in
reference to one of the - R groups in Formula I or
Formula II as used herein means an amino acid residue
or a substituted amino acid residue including but not
limited to: alanine, arginine, asparagine, aspartate,
cysteine, glutamate, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, valine, 5-hydroxylysine, 4-hydroxyproline,
thyroxine, 3-methylhistidine, e-N-methyllysine,
e-N,N,N-trimethyllysine, aminoadipic acid, g- 



carboxyglutamic acid, phosphoserine, phosphothreonine,
phosphotyrosine, N-methylarginine, Nacetyllysine, and
an N,N-dimethyl-substituted amino acid residue, or a
salt of any of the foregoing, such as a chloride
salt.[0034] The "buffer" suitable for use herein
includes any buffer conventional in the art, such as,
for example, Tris, phosphate, imidazole, and
bicarbonate. [0035] A "carrier" as used herein refers
to a non-toxic solid, semisolid or liquid filler,
diluent, vehicle, excipient, solubilizing agent,
encapsulating material or formulation auxiliary of any
conventional type, and encompasses all of the
components of the composition other than the active
pharmaceutical ingredient. The carrier may contain
additional agents such as wetting or emulsifying
agents, or pH buffering agents. Other materials such
as anti-oxidants, humectants, viscosity stabilizers,
and similar agents may be added as necessary. [0036]
"Catecholic butane" as used herein means a compound of
Formula I : wherein R and R2 each independently
represents -H, a lower alkyl, a lower acyl, an
alkylene; or - R1O and - R2O each independently
represents an unsubstituted or substituted amino acid
residue or salt thereof; R3, R4, R5, R6, R10, R1 1,
R12 and R13 each independently represents -H or a
lower alkyl; and R7, R8, and R9 each independently
represents -H, -OH, a lower alkoxy, a lower acyloxy,
an unsubstituted or substituted amino acid residue or
a salt thereof, or any two adjacent groups together
may be an alkyene dioxy. [0037] A "cyclodextrin" as
used herein means an unmodified cyclodextrin or a
modified cyclodextrin, and includes with out
limitation a-cyclodextrin, b-cyclodextrin,
g-cyclodextrin and any modified cyclodextrins
containing modifications thereto, such as HP-b-CD or
SBE-b-CD. Cyclodextrin typically has 6
(a-cyclodextrin), 7 (b-cyclodextrin), and 8
(g-cyclodextrin) sugars, up to three substitutions per
sugar, and 0 to 24 primary substitutions are therefore
possible (primary substitutions are defined as
substitutions connected directly to the cyclodextrin
ring). The modified or unmodified cyclodextrins used
in the present invention may have any appropriate
number and location of primary substitutions or other
modifications. [0038] A "derivative" of NDGA as used
herein means an "NDGA derivative" (see below). [0039]
The term "disease" as used herein includes all
diseases, conditions, infections, syndromes or
disorders for which the application of the present
composition produces a therapeutic effect.Such
"disease" includes, for example without limitation,
cancer, psoriasis and other proliferative diseases,
inflammatory disorders including rheumatoid arthritis,
osteoarthritis, ulcerative colitis, Crohn's disease,
atherosclerosis, chronic obstructive pulmonary disease
("COPD"), hypertension, obesity, diabetes, pain,
stroke and/or other neuronal disorders or
neurodegenerative diseases or conditions, including
Alzheimer's disease, Parkinson's disease, multiple
sclerosis, amyotrophic lateral sclerosis ("ALS") and
premalignant conditions such as intraepithelial
neoplasia or dysplasia, and infectious diseases.
[0040] "G4N" or "tetra-N,N-dimethyl glycinyl NDGA" or
"tetra-dimethyl glycinyl NDGA" as used herein is an
NDGA derivative of Formula II (below) in which R14 ,
R15 , R16 and R17 each independently represents
-O(C=O)CH 2N(CH3)2 or -O(C=O)CH 2N+(CH3)2-C1 , in
either a solid form or in solution; and R18 and R1
each represents -CH 3. [0041] "Lower acyl" as used
herein means C1 - C6 acyl, preferably, C1 - C3 acyl.
[0042] "Lower alkyl" as used herein means C1 - C6
alkyl, preferably, C1 - C3 alkyl. [0043] "M4N" or
"tetra-O-methyl NDGA" as used herein is an NDGA
derivative of Formula II in which R14 , R15, Ri6 and
R17 each independently represents -OCH 3, and Ri8 and
R19 are each -CH 3. [0044] A "modified cellulose" as
used herein means a cellulose that contains one or
more modifications to the cellulose molecule and
includes, for example EC, HPMC, CMC and MC. 



[0045] "NDGA" as used herein means
nordihydroguaiaretic acid and has the following
formula: [0046] "NDGA compound" as used herein means
singly or collectively NDGA and/or any one or more of
the NDGA derivatives.[0047] "NDGA derivative" as used
herein means a derivative of NDGA having a Formula II
wherein R14 , R15, R16 and R1 each independently
represents -OH, a lower alkoxy, a lower acyloxy, or an
unsubstituted or substituted amino acid residue or
pharmaceutically acceptable salt thereof; and R18 and
R1 each independently represents - H or a lower alkyl,
wherein R14, R , R1 and R17 are not simultaneously
-OH. Thus, the term includes a compound that is a
methylated derivative of NDGA, such as tetra-O-methyl
NDGA (M4N), tri-O-methyl NDGA (M3N), di-O-methyl NDGA
(M N) and mono-O-methyl NDGA (M1N). Alternatively, a
NDGA derivative may be a compound in which one or more
of the hydrogens in the hydroxyl or methyl groups of
NDGA are substituted, such as, for example where R14,
Ri5, Ri6 and Rn each independently represents a lower
alkoxy, a lower acyloxy, or an amino acid or
substituted amino acid or salt thereof; and Rig and
Ri9 each independently represents -H or an alkyl such
as a lower alkyl. The term includes, for example, a
compound in which Ri4, Ri5, Ri6 and Ri7 each
independently represents -OCH 3 or -0(C=O)CH 3 or a
disubstituted amino acid residue, such as a
N,N-dimethyl substituted amino acid residue, such as
-O(C=O)CH 2N(CH3)2 or-O(C=O)CH 2N+(CH3)2-Cl ; and R18
and R19 each represents - H or a lower alkyl, for
example, -CH 3 or -CH 2CH3. [0048] As used herein,
"percent," "percentage" or the symbol "%" means the
percent of the component indicated in the composition
based on the amount of the carrier present in the
composition, on a weight/weight (w/w), weight/volume
(w/v) or volume/volume (v/v), as indicated with
respect to any particular component, all based on the
amount of the carrier present in the composition.
Thus, different types of carriers may be present in an
amount of up to 100% as indicated, which does not
preclude the presence of the API, the amount of which
may be indicated as a % or as a certain number of mg
present in the composition or a certain number of
mg/mL present, where the % or mg/mL is based on the
amount of the total carrier present in thecomposition.
Certain types of carriers may be present in
combination to make up 100% of the carrier. [0049] A
"pharmaceutically acceptable carrier" as used herein
is non-toxic to recipients at the dosages and
concentrations employed, and is compatible with other
ingredients of the formulation. For example, the
carrier for a formulation containing the present
catecholic butane, NDGA compounds or NDGA derivatives
preferably does not include oxidizing agents and other
compounds that are known to be deleterious to such. A
pharmaceutically acceptable carrier comprises a
solubilizing agent. Suitable pharmaceutically
acceptable carriers include, but are not limited to,
water, dextrose, glycerol, saline, ethanol, buffer,
Cremaphor(r) EL, phosphate buffered saline, PEG 300,
PEG 400, modified cyclodextrin, and combinations
thereof, all as set forth above. [0050] The term
"pharmaceutically acceptable excipient," includes
vehicles, adjuvants, or diluents or other auxiliary
substances, such as those conventional in the art,
which are readily available to the public, and which
are non-toxic to recipients at the dosages and
concentrations employed, and is compatible with other
ingredients of the formulation.. For example,
pharmaceutically acceptable auxiliary substances
include pH adjusting and buffering agents, tonicity
adjusting agents, stabilizers, wetting agents and the
like. [0051] The term "solubilizing agent" as used
herein means a composition in which one or more of the
catecholic butanes or NDGA compounds, such as NDGA
derivatives, dissolves. A solubilizing agent may also
be a carrier or a pharmaceutically acceptable carrier.
[0052] The terms "subject," "host," and "patient," are
used interchangeably herein to refer to an animal
being treated with the present compositions,
including, but not limited to, simians, humans,
felines, canines, equines, bovines, porcines, ovines,
caprines, mammalian farm animals, mammalian 



sport animals, and mammalian pets. [0053] A
"substantially purified" compound in reference to the
catecholic butanes or NDGA compounds or derivatives
for administration herein is one that is substantially
free of materials that are not the catecholic butane,
NDGA compounds or NDGA derivatives (hereafter,
"non-NDGA materials"). By substantially free is meant
at least about 50% free of non-NDGA materials,
preferably at least about 70%, more preferably at
least about 80%, even more preferably at least about
90% free and still more preferably at least about 95%
free of non-NDGA materials. [0054] As used herein, the
terms "treatment," "treating," and the like, refer to
obtaining a desired pharmacologic and/or physiologic
effect. The effect may be prophylactic in terms of
completely or partially preventing a condition or
disease or symptom thereof and/or may be therapeutic
in terms of a partial or complete cure for a condition
or disease and/or adverse affect attributable to
thecondition or disease. "Treatment," thus, for
example, covers any treatment of a condition or
disease in a mammal, particularly in a human, and
includes: (a) preventing the condition or disease from
occurring in a subject which may be predisposed to the
condition or disease but has not yet been diagnosed as
having it; (b) inhibiting the condition or disease,
such as, arresting its development; and (c) relieving,
alleviating or ameliorating the condition or disease,
such as, for example, causing regression of the
condition or disease. [0055] Before the present
invention is further described, it is to be understood
that this invention is not limited to particular
embodiments described, as such may, of course, vary.
It is also to be understood that the terminology used
herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting,
since the scope of the present invention will be
limited only by the appended claims. [0056] Where a
range of values is provided, it is understood that
each intervening value, to the tenth of the unit of
the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that
range and any other stated or intervening value in
that stated range, is encompassed within the
invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller
ranges, and are also encompassed within the invention,
subject to any specifically excluded limit in the
stated range. Where the stated range includes one or
both of the limits, ranges excluding either or both of
those included limits are also included in the
invention. [0057] It must be noted that as used
herein, the singular forms "a", "an", and "the"
include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a
compound" includes a plurality of such compounds and
reference to "the NDGA compound" includes reference to
one or more NDGA compounds, such as NDGA derivatives,
and equivalents thereof known to those skilled in the
art. [0058] All publications mentioned herein,
including patents, patent applications, and journal
articles are incorporated herein by reference in their
entireties including the references cited therein,
which are also incorporated herein by reference in
their entireties. [0059] The publications discussed
herein are provided solely for their disclosure prior
to the filing date of the present application. Nothing
herein is to be construed as an admission that the
present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the
dates of publication provided may be different from
the actual publication dates which may need to be
independently confirmed. Citations to references
mentioned in the text of this application are
identified more fully in the bibliography preceding
the claims.[0060] The invention described below is
given by way of example only and is not to be
interpreted in any way as limiting the invention.
[0061] Preparation of Catecholic Butanes [0062] The
catecholic butanes of the present invention can be
prepared by any method know in 



the art. For example, such compounds can be made as
described in US Patent 5,008,294. [0063] Preparation
of the NDGA Derivatives [0064] NDGA may be purchased
from any available commercial sources, such as, for
example, Alexis Biochemicals Corp., San Diego, CA,
U.S.A. (Cat. No. LKT-N5669), or A.G. Scientific, Inc.,
San Diego, CA, U.S.A. (Cat. No. N1071), or Cayman
Chemical Company, Ann Arbor, MI, U.S.A. (Cat. No.
70300). [0065] The NDGA derivatives and formulations
thereof can be made by any process conventional in the
art. For example, the NDGA derivatives can be made as
described in, US Patent 5,008,294; US Patent
6,291,524; Hwu, J.R. et al. (1998); or McDonald, R.W.
et al. (2001). [0066] In one embodiment of the present
invention, an NDGA derivative, tetra-O-methyl NDGA,
also known as
meso-l,4-bis(3,4-dimethoxyphenyl)-2,3-dimethylbutane,
or M4N, is made as follows! a solution is made
containing NDGA and potassium hydroxide in methanol in
a reaction flask. Dimethyl sulfate is then added to
the reaction flask and the reaction is allowed to
proceed. The reaction is finally quenched with water,
causing the product to precipitate. The precipitate is
isolated by filtration and dried in a vacuum oven. The
compound is then dissolved in a solution of methylene
chloride and toluene and subsequently purified through
an alumina column. The solvents are removed by rotary
evaporation and the solid is resuspended in
isopropanol and isolated by filtration. The filter
cake is dried in a vacuum oven. The resulting
tetra-O-methyl NDGA (M4N) is crystallized by refluxing
the filter cake in isopropanol and re-isolating the
crystals by filtration. [0067] In some embodiments of
the present invention, certain NDGA derivatives of the
present invention, such as G4N, also known as
meso-l,4-bis[3,4-(dimethylaminoacetoxy)phenyl]-(2R,3S)
- dimethylbutane or tetra-dimethylglycinyl NDGA, or a
hydrochloride salt thereof, and similar compounds
having amino acid substituents, can also be prepared
according to conventional methods, as described in,
for example, US Patent 6,417,234.[0068] Preparation of
the Therapeutic Compositions [0069] The present
invention provides compositions, including
pharmaceutical compositions, comprising the catecholic
butanes, including the NDGA compounds, such as the
NDGA derivatives, as active pharmaceutical ingredients
("API"), and pharmaceutically acceptable carriers or
excipients. Typically, the compositions of the instant
invention will contain from less than about 0.1% (w/v)
up to about 99% (w/v) of the active pharmaceutical
ingredient or API, that is, the catecholic butanes,
including the NDGA compounds and NDGA derivatives
herein; optionally, the present invention will contain
about 2% (w/v) to about 90% (w/v) of the API. [0070]
The present invention additionally provides
compositions in which the catecholic butanes, such as
NDGA derivatives, for example M4N, are present in
concentrations of about 1 mg/mL to about 200 mg/mL, or
about 10 mg/mL to about 175 mg/mL, or about 20 mg/mL
to about 150 mg/mL, or about 30 mg/mL to about 125
mg/mL, or about 40 mg/mL to about 100 mg/mL, or about
50 mg/mL to about 75 mg/mL. In one embodiment, the
NDGA compounds are present in the compositions herein
at a concentration about 1 mg/mL, about 2 mg/mL, about
2.5 mg/mL, about 5 mg/mL, about 10 mg/mL, about 15
mg/mL, about 20 mg/mL, about 25 mg/mL, about 30 mg/mL,
about 35 mg/mL, about 40 mg/mL, about 45 mg/mL, about
50 mg/mL, about 55 mg/mL, about 60 mg/mL, about 75
mg/mL, about 80 mg/mL, about 90 mg/mL, about 100
mg/mL, about 120 mg/mL, about 125 mg/mL, about 150
mg/mL, about 175 mg/mL or about 200mg/mL. [0071]
Expressed alternatively, other embodiments of the
composition of the present invention may contain less
than about 0.1 mg to about 200 mg or more of the API,
such as about 10 mg, about 20 mg, about 25 mg, about
30 mg, about 40 mg, about 50 mg, about 60 mg, about 75
mg, about 100 mg or about 200 mg of the API. [0072]
The pharmaceutically acceptable carrier or excipient
may contain one or more 



solubilizing agents in which the API is dissolved. The
pharmaceutically acceptable carrier or excipient may
additionally contain a diluent. [0073] In one
embodiment, the invention provides a solubilizing
agent that contains one or more of a water-soluble
organic solvent, other than DMSO. Among preferred
water-soluble organic solvents are ethanol, benzyl
alcohol, dimethylacetamide, PVP, PG and PEG compounds
such as: PEG 300, PEG 400, or PEG 400 monolaurate. The
PEG compound in the present compositions is provided
in an amount of about 5% to about 100%, or about 5% to
about 60%, or about 10% to about 90%, or about 20% to
about 80%, or 30% to about 70%, or about 40% to about
60%, allconcentrations being a percentage of
volume/volume (v/v). PG may be present at a
concentration of about 2.5% to about 100% (v/v).
[0074] The concentration of the PEG compounds in the
present compositions can vary depending on what other
solubilizers or diluents or excipients are also
present. For example, the PEG 300, PEG 400 or PEG 400
monolaurate of the present invention can be at a
concentration of about 5%, about 10%, about 12.5%,
about 15%, about 20%, about 25%, about 30%, about 35%,
about 40%, about 45%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, or about 95%, all such concentrations being
given as a percentage of volume/volume (v/v). [0075]
The present invention also provides compositions of
catecholic butanes or NDGA compounds in a
cyclodextrin, which includes modified cyclodextrins.
The cyclodextrins herein may be a-cyclodextrin,
b-cyclodextrin, g-cyclodextrin, and the modified
cyclodextrins may include HP- b-CD and SBE-b-CD, for
example. In one embodiment, the present composition
contains a modified cyclodextrin in a concentration of
about 5% to about 80%, or about 10% to about 70%, or
about 20% to about 60%, or about 30% to about 50%, all
such concentrations being given as a percentage of
weight/volume (w/v). [0076] In yet another embodiment,
the modified cyclodextrins, such as HP-b-CD, is
present in the compositions at a concentration of
about 12.5%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70% or about 75%, all
such concentrations being given as a percentage of
weight/volume (w/v). [0077] Another pharmaceutically
acceptable carrier or excipient that may be used alone
or with others in the composition of the present
invention is an ionic, non-ionic or amphipathic
surfactant, such as Cremophor(r) EL, polysorbates,
which are non-ionic surfactants, for example,
polysorbate 20 and polysorbate 80, commercially
available as Tween(r) 20 or Tween(r) 80, TPGS, which
is an amphipathic surfactant, among many others.
Further examples of suitable surfactants include,
without limitation, glycerol monooleate and an
esterified fatty acid, such as those typically made by
transesterification of vegetable oils, available in
several varieties and grades as Labrafil(r),
Labrasol(r), and Gelucire(r), from Gattefosse Corp.,
Paramus, NJ, U.S.A. The surfactant can be present in
any desired effective amount, such as at a
concentration of about 1% (v/v) to about 100% (v/v),
preferably about 9% (v/v) to about 80% (v/v), and more
preferably, about 10% (v/v) to about 50% (v/v). As
specific examples, preferred concentrations of a
non-ionic surfactant are Tween(r) 20 at a
concentration of about 9% (v/v) to about 100% (v/v)
and Tween(r) 80 of about 33% (v/v) to about 100%
(v/v). All percentages of the surfactant are volume
percentages (v/v).[0078] Another pharmaceutically
acceptable carrier or excipient that may be used alone
or with others in the composition of the present
invention is a modified cellulose, such as EC, HPMC,
MC and CMC. The modified cellulose can be present in
any desired effective amount, such as a concentration
of about 0.1% to about 25%, or about 0.5% to about
7.5%, or about 1.0% to about 5%. As specific examples,
EC may be present at a concentration of about 5% to
about 20%; HPMC may be present at a concentration of
about 0.5% to about 1%; MC may be present at a
concentration of about 1% to about 3%; and CMC may be
present at a concentration of about 1% to about 4%.
The 



percentages of modified cellulose are in weight per
volume (w/v). [0079] Another pharmaceutically
acceptable carrier or excipient that may be used alone
or with others in the composition of the present
invention is a water-insoluble lipid, such as an oil
or mixed fat emulsion. Examples of oils include corn
oil, sesame seed oil, peppermint oil, soybean oil,
mineral oil and glycerol, for instance. Mixed fat
emulsion compositions are available, such as
Intralipid(r) emulsion, as described above. [0080] The
water-insoluble carriers may be used in combination
with any one or more of the water-soluble carriers,
such as PEG compounds and the surfactants, such as
Tween(r) 20 or Tween(r) 80. [0081] The water-insoluble
lipid carriers can be present in any desired effective
amount, such as a concentration of about 10% (v/v) to
about 100% (v/v), or about 15% (v/v) to about 85%
(v/v), or about 25% (v/v) to about 75% (v/v). Oil may
be present at a concentration of about 9% (v/v) to
about 100% (v/v). Mixed fat emulsions may be present
at a concentration of about 10% (w/v) to about 30%
(w/v); and preferably about 20% (w/v). [0082]
Combinations of the various carrier components may be
used with the API, as noted above. One non-limiting
example of such an embodiment that is presently
preferred is a composition of 10 mg/ml M4N in 25%
(w/v) PEG 300, 30% (w/v) HP-b-CD, balance of the
carrier being water suitable for injection into
animals ("WFI," which designates a recognized grade of
water in the pharmaceutical industry). In this
preferred embodiment, the HP-b-CD has 6 to 8 degrees
of substitution, but other substitutions in other
embodiments are well within the scope of this
invention, as noted above. [0083] It is to be
understood that as long as the catecholic butanes
herein are dissolved and remain in solution, one or
more of the solubilizers or diluents or excipients
herein may be added to such solution to optimize
delivery of such to a subject in need of such
treatment.[0084] In another embodiment, the invention
provides a diluent that is saline or water that is
suitable for injection. In one aspect of the
invention, when the osmolarity of the pharmaceutical
composition is high, water suitable for injection is
used as a diluent. [0085] Pharmaceutically acceptable
carriers or excipients suitable for use herein are
described in a variety of publications. Examples of
useful carriers or excipients are described in, for
example, Gennaro, A.R. (2003); Ansel, H.C. et al.
(2004); Rowe, R.C. et al. (2003); and Garg, S. et al.
(2001). [0086] The compositions in liquid form may
include a buffer, which is selected according to the
desired use of the catecholic butanes or NDGA
compounds, such as the NDGA derivatives, and may also
include other substances appropriate for the intended
use. Those skilled in the art can readily select an
appropriate buffer, a wide variety of which are known
in the art, suitable for an intended use. [0087]
Therapeutic Methods [0088] The compositions containing
the catecholic butanes, including the NDGA compounds,
find use as therapeutic agents or for treatment in
subjects in need of such treatment in any number of
diseases in which such catecholic butanes or NDGA
compounds can be used. [0089] The present invention
provides for methods and compositions for treatment of
disease including, for example, proliferative diseases
such as benign and malignant cancer, psoriasis and
premalignant conditions and neoplasia, such as
intraepithelial neoplasia, or dysplasia. The present
invention also provides for treatment of diabetes,
including type I and type II diabetes, obesity and
complications resulting from such, including
cardiovascular diseases, stroke and hypertension. The
present invention further provides for treatment of
inflammatory diseases including rheumatoid arthritis,
osteoarthritis, multiple sclerosis, ulcerative
colitis, Crohn's disease, chronic obstructive
pulmonary disease (COPD) and other immune system
associated diseases. Additionally, the present 



invention provides for treatment of neurological
diseases, including central nervous system diseases
and neurodegenerative diseases such as Alzheimer's
disease, dementia, amyotrophic lateral sclerosis and
Parkinson's disease. In a further embodiment, the
present invention provides for treatment of
infections, such as viral infections including viruses
that require SpI binding for transcription or
replication. Examples of such viruses that require SpI
binding include: HIV, HTLV, HPV, HSV, HBV, EBV,
Varicella-zoster virus, adenovirus, parvovirus and JC
virus. [0090] A variety of animal hosts are treatable
according to the subject methods, including human and
non-human animals. Generally such hosts are "mammals"
or "mammalian," where these terms are used broadly to
describe organisms which are within the class
mammalia, including the orderscarnivore (e.g., dogs
and cats), rodentia (e.g., guinea pigs, and rats), and
other mammals, including cattle, goats, horses, sheep,
rabbits, pigs, and primates (e.g., humans,
chimpanzees, and monkeys). In many embodiments, the
hosts will be humans. Animal models are of interest
for experimental investigations, such as providing a
model for treatment of human disease. Further, the
present invention is applicable to veterinary care as
well. [0091] Formulations, dosages, and routes of
administration [0092] In one embodiment of the
invention, an effective amount of the present
composition is administered to the host, where an
"effective amount" means a dosage sufficient to
produce a desired result. In some embodiments, the
desired result is at least an inhibition of
progression of the neoplasia or dysplasia. [0093] The
appropriate dose to be administered depends on the
subject to be treated, such as the general health of
the subject, the age of the subject, the state of the
disease or condition, the weight of the subject, the
size of the tumor, for example. Generally, about 0.1
mg to about 500 mg or less may be administered to a
child and about 0.1 mg to about 5 grams or less may be
administered to an adult. Typical dosages are within
the broad range of about 10 mg of active
pharmaceutical ingredient per kg weight of the subject
to about 600 mg of active pharmaceutical ingredient
per kg weight of the subject. The active agent can be
administered in a single or, more typically, multiple
doses. Preferred dosages for a given agent are readily
determinable by those of skill in the art by a variety
of means. Other effective dosages can be readily
determined by one of ordinary skill in the art through
routine trials establishing dose response curves. The
amount of agent will, of course, vary depending upon
the particular agent used. [0094] The frequency of
administration of the active agent, as with the doses,
will be determined by the care giver based on age,
weight, disease status, health status and patient
responsiveness. Thus, the agents may be administered
one or more times daily, weekly, monthly or as
appropriate as conventionally determined. The agents
may be administered intermittently, such as for a
period of days, weeks or months, then not again until
some time has passed, such as 3 or 6 months, and then
administered again for a period of days, weeks, or
months. [0095] In pharmaceutical dosage forms, the
active agents may be administered alone or in
appropriate association, as well as in combination,
with other pharmaceutically active agents or
therapeutics including other small molecules,
antibodies or protein therapeutics. The following
methods and excipients are merely exemplary and are in
no way limiting.[0096] In addition, if desired, the
carrier or excipient may contain minor amounts of
auxiliary substances such as pH adjusting and
buffering agents, tonicity adjusting agents,
stabilizers, wetting agents or emulsifying agents.
Actual methods of preparing such dosage forms are
known, or will be apparent, to those skilled in the
art. See, e.g., Remington's Pharmaceutical Sciences,
20th ed., Mack Publishing Co. Rawlins EA, (1997). The
composition or formulation to be administered will, in
any event, contain a quantity of the API adequate to
achieve the desired state in the subject being
treated. [0097] Unit dosage forms for injection or
intravenous administration may comprise the API in a
composition as a solution in sterile water, normal
saline or another pharmaceutically acceptable 



carrier. [0098] The term "unit dosage form," as used
herein, refers to physically discrete units suitable
as unitary dosages for human and animal subjects, each
unit containing a predetermined quantity of API of the
present invention calculated in an amount sufficient
to produce the desired effect in association with a
pharmaceutically acceptable diluent, carrier or
vehicle. The specifications for the novel unit dosage
forms of the present invention depend on the
particular compound employed and the effect to be
achieved, and the pharmacodynamics associated with
each compound in the host. [0099] Kits with multiple
or unit doses of the active agent are included in the
present invention. In such kits, in addition to the
containers holding the multiple or unit doses of the
compositions containing the catecholic butanes such as
the NDGA compounds will be an informational package
insert with instructions describing the use and
attendant benefits of the drugs in treating
pathological condition of interest. Optionally, an
applicator for administration of the present
composition is included in each kit. [0100] The
present injectable compositions can be administered
parenterally, including intravenously,
intra-arterially, intraperitoneally, subcutaneously
and intravesicularly, as appropriate for the disease
to be treated and as conventional in the art. While
the compositions of the present invention are intended
to be administered by injection, they may also be
suitable to be administered by other routes, for
example by topical, intranasal, inhalation or
implantation administration. [0101] The Examples set
forth below are exemplary in nature and are not to be
interpreted as limiting the present invention. [0102]
Example 1. Formulations Containing M4N in HP-b-CD
and/or PEG 300 [0103] In this example, M4N was
prepared as described in PCT/US2004/01 6 117 and was
solubilized in a sombilizing agent. The resulting
solution was optionally mixed with an excipient and/or
a diluent. The solubilizing agent and the excipient
may be used interchangeably or incombination with each
other. One solubilizing agent or excipient used was
endotoxin-controlled hydroxypropyl-b-cyclodextrin
("HP-b-CD") obtained from Research Diagnostics, Inc.
(Cat. No. RDI-82004HPB, lot no. H3N188P) (Flanders,
NJ, U.S.A.). Another solubilizing agent or excipient
used was PEG 300, obtained from Spectrum Chemicals,
Inc. (Cat. No. P0108, lot no. TB1228) (Gardena, CA,
U.S.A.). [0104] In one embodiment of the invention,
HP-b-CD and PEG 300 were present in a single
formulation. To make this formulation, M4N was first
dissolved in PEG 300 to form aM4N in PEG 300 solution
("M4N/PEG 300"). The M4N/PEG 300 solution was then
added to a pre-made solution of HP-b-CD to form a M4N
solution in a PEG 300 and HP-b-CD (hereafter, a "CPE"
formulation"). [0105] When preparing the HP-b-CD
solution, a volume expansion must be accounted for.
For example, for a 40% (w/v) HP-b-CD solution, a
volume expansion of 0.7 mL/g (i.e., 0.7 mL of water
displaced per gram of HP-b-CD added) must be accounted
for. [0106] A 100 mL solution of 40% HP-b-CD for use
as a solubilizing agent and/or excipient was made as
follows: 65 mL 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
medium speed. About forty (40) grams of HP-b-CD were
added slowly to the stirring WFI, using a spatula to
direct the HP-b-CD to the center of the beaker so as
to prevent HP-b-CD crystals from sticking to the
beaker wall. The HP-b- CD solution was stirred for
about 24 hr or until the HP-b-CD was dissolved
completely upon visual inspection. The resulting
solution measured about 93 mL. About 7 mL of WFI was
added to this resulting solution to obtain 100 mL,
producing a final solution of about 40% HP-b-CD. The
final solution was stirred for about 1 hr, stored at
room temperature, and was protected from light. This
method of making the modified cyclodextrin solution
may be scaled up or down to obtain the desired volume
or concentration. Other concentrations or other
modified cyclodextrin solutions may 



be similarly made, for example, by substituting
HP-b-CD with other modified cyclodextrins, adjusted
for the appropriate concentrations in the process
described above. [0107] A l OmL solution of M4N at a
concentration of about 10 mg/mL in 40% HP-b-CD was
made as follows. About 10 mL of the 40% HP-b-CD
solution were added to a glass beaker containing a
stir bar. The beaker was placed on a magnetic plate
and the stir bar was set to stir at medium speed.
About 10 mg of M4N were slowly added to the 40%
HP-b-CD in the center of the beaker with the aid of a
spatula. The M4N/40% HP-b-CD mixture was stirred for 2
hr or until all M4N was uniformly suspended without
any clumps being present. The M4N/40% HP-b-CD
mixturewas optionally heated at 80C for about 30 min.
(or longer if a larger volume of solution was desired,
for example, 1 hr at 80 C for 100 mL of the M4N/HP-
b-CD mixture), or longer as needed to ensure complete
dissolution OfM4N. The M4N/HP- b-CD mixture or
solution was observed for presence of any undissolved
M4N by holding the beaker against a white background
followed by a dark background, looking for presence of
particulates. The final M4N/40% HP- b-CD solution was
stored at room temperature and was kept protected from
light. This process may be scaled up or down to obtain
the requisite volume or concentration of M N.
Formulations containing M4N in other cyclodextrin
solutions may be similarly made, such as, for example,
by substituting HP-b-CD in the process described above
with other cyclodextrins. Results shown in Table 1
demonstrate that M4N remained in solution after
cooling at concentrations of 1 mg/mL and 10 mg/mL in
the 40% HP- b-CD formulation for greater than 7 days.
[0108] A 100 mL solution of M4N at a concentration of
about 25 mg/mL in PEG 300 was made as follows. About
100 mL of PEG 300 were added to a glass beaker
containing a stir bar. The beaker was placed on a
magnetic plate and the stir bar was set to stir at
medium speed. About 2.5 g ofM N were slowly added to
the PEG 300 in the center of the beaker with the aid
of a spatula to prevent M4N from sticking to the
beaker wall. The M4N/PEG 300 mixture was stirred for
24 hr or until all M4N had dissolved or was uniformly
suspended without any clumps being present. The
M4N/PEG 300 mixture was optionally heated at about 60
C for about 30 min. (or longer if a larger volume of
solution was desired, for example, 1 hr at 60 C for
500 mL of the M4N/PEG 300 mixture), or longer as
needed to ensure complete dissolution OfM4N. The
M4NVPEG 300 mixture or solution was observed for
presence of any undissolved M4N by holding the beaker
against a white background followed by a dark
background, looking for presence of particulates.
After all M4N was observed to be dissolved, the
resulting M4N/PEG 300 solution was used immediately or
before the expiration of 48 hr, otherwise crystals or
other precipitates might form. If crystals formed, the
M4N /PEG 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 M4N/PEG 300 solution was stored at room
temperature and was kept protected from light. This
process may be scaled up or down to obtain the
requisite volume or concentration OfM4N. Formulations
containing M4N in other PEGs may be similarly made,
such as, for example, by substituting PEG 300 in the
process described above with PEG 400 or PEG 400
monolaurate. [0109] A 100 mL stock solution of a
formulation containing 50% PEG 300 (v/v), 20% HP-b-CD
(w/v) and 12.5 mg M4N was made by adding 50 mL of the
40% pre-made HP-b-CD solution (madeas described above)
to a glass beaker containing a stir bar on a magnetic
plate, with the stir bar stirring at medium speed, and
slowly adding 50 mL of the pre-made M4N/PEG 300
solution (made as described above), for example, at a
rate of about 10 mL per min. The M4N/PEG 300 was added
by use of a pipette to the center of the beaker to
avoid its sticking to the walls of the beaker and to
ensure complete dissolution. The addition of M4N/PEG
300 to the HP-b-CD solution initially appeared as a
white solution, but eventually became clear upon
continuous mixing. This recipe may be scaled up or
down as appropriate to produce the desired volume or
concentration of M4N/PEG 300 and HP-b-CD. The stock
solution was filter-sterilized using a 0.22 mm PVDF
membrane, such 



as a pre-sterilized vacuum driven disposal bottle-top
filter membrane obtained from Millipore (Cat. No. SCGV
T05 RE) (Billerica, MA, U.S.A.). The filtration
process was driven by vacuum force and the filtrate is
collected in pre-sterilized 250 mL glass bottles. The
bottles were then sealed tightly, stored at room
temperature and protected from light. A stock solution
of M4N/PEG 400 or M4N/PEG 400 monolaurate in HP-b-CD
can be similarly made by substituting PEG 300 with PEG
400 or PEG 400 monolaurate in the processes described
above. [0110] The M4N/PEG 300/HP-b-CD, M4N/PEG
400/HP-b-CD or M4N/PEG 400 monolaurate/HP- b-CD stock
solution made in the foregoing manner can be diluted
prior to use in vitro or for administration into
animals. If dilution is necessary, the stock solution
is preferably diluted in WFI, instead of saline, for
example, so as to keep the osmolarity down. To make a
100 mL of a 1:1 dilution of the stock solution in WFI,
about 50 mL of the stock solution was added to a glass
vial. About 50 mL of WFI was added to the 50 mL of the
stock solution in the vial to form a diluted solution.
The glass vial was closed and the diluted solution was
mixed well by shaking and inverting the vial a few
times. The diluted solution was filter-sterilized
using a 0.22 mm PVDF membrane, such as a
pre-sterilized vacuum driven disposal bottle-top
filter membrane obtained from Millipore (Cat. No. SCGV
T05 RE) (Billerica, MA, U.S.A.). The filtration
process was driven by vacuum force and the filtrate
was collected in pre-sterilized 250 mL glass bottles.
The bottles were then sealed tightly, stored at room
temperature and protected from light. This process may
be scaled up or down to obtain the requisite volume or
dilutions, such as 1:2 or 1:4 dilutions, for example.
[0111] A formulation suitable for use as placebo
control containing 50% PEG 300 and 20% HP- b-CD can be
made as follows. To make a 100 mL solution of the
placebo or control formulation, about 50 mL of 40%
HP-b-CD are added to a glass beaker containing a stir
bar on a magnetic plate. The magnetic plate is set to
stir the HP-b-CD solution at medium speed. About 50 mL
of PEG 300 are slowly added to the 50 mL of HP-b-CD in
the glass beaker by pipette to the center of the
beakerto prevent the PEG 300 from sticking to the wall
of the beaker. The mixture is stirred for about 1 hr
or until mixing is complete. This placebo formulation
is filter-sterilized using a 0.22 mm PVDF membrane
filter driven by vacuum force. The filtrate is
collected in pre-sterilized 250 mL glass bottles. The
glass bottles are sealed tightly, stored at room
temperature, and kept protected from light. This
recipe may be scaled up or down as required to produce
the desired concentration and volume amounts. Further,
PEG 300 may be substituted with PEG 400 or PEG 400
monolaurate, as desired. [0112] Results of the
solubility of M4N in formulations containing HP-b-CD
and/or PEG 300, PEG 400, and in formulations
containing HP-b-CD and propylene glycol ("PG"),
hydroxypropyl methylcellulose (HPMC), carboxyl
methylcellulose (CMC), polyvinyl pyrrolidone (PVP), or
Tween(r) 80 made in accordance to the foregoing or
similar processes as well as characteristics of the
resulting formulations are shown in Tables 1 - 5,
where N represents "No" and Y represents "Yes." [0113]
Table 1. Modified Cyclodextrins as Solubilizing Agents
and/or ExcipientsMETHOD AND SYSTEM FOR A MASKLESS
LITHOGRAPHY RASTERIZATION TECHNIQUE BASED ON GLOBAL
OPTIMIZATION BACKGROUND OF THE INVENTION Field o,f the
Invention [0002] The present invention generally
relates to the field of maskless lithography (MLL) and
optical maskless lithography (OML). Background Art
[0003] OML is an extension of conventional (i.e.
mask-based) photolithography. In OML, however, instead
of using a photomask, tens of millions of micro-mirror
pixels on a micro-electro-mechanical 



systems (MEMS) device are dynamically actuated in
real-time to genetate the desired pattern. Due to a
fixed grid imposed by the pixels and use of
short-pulse duration excimer lasers at deep
ultra-violet (DUV) wavelengths, spatial modulation of
gray scales is required. These classes of MEMS devices
are therefore known as spatial light modulators
(SLMs). [0004] SLMs may utilize one of several
geometrical actuation types (e.g. tilt, piston, etc.)
for creating images. By using the same wavelengths and
resists as conventional mask-based photolithography
scanners, OML is directly compatible with existing
line facilities and can be integrated into existing
fabrication facilities with Hie same trackand etch
equipment. OML provides more design turns in less time
to facilitate optimization of chip yields and speed.
[0005] One important conceptual difference between OML
and traditional mask-based lithography stems from the
differences between the SLMs used in OML, and the
traditional masks. The SLMs consist of many pixels,
with each pixel having an ability to vary its optical
properties in a controllable manner. Typically, each
pixel is subresolution in size and can assume one of
many possible states. Some SLM designs utilize the
physical principles of light modulation that are not
necessarily equivalent to the ones utilized in a
design of traditional masks. For instance, tilting
mirror pixels operate by varying the degree of light
deflection, which is not necessarily equivalent to a
fragment of a traditional mask. [0006] Ih addition to
defining the necessary specifications of the SLM
itself, one of the main challenges in OML is to
understand how best to use the SLM pixels to reproduce
the desired pattern. Rasterization, which presents
significant challenges in this area, is one technique
used to configure SLM pixels to reproduce patterns.
More specifically, given the description of a mask
pattern or the desired properties of an image, it is
not an easy task to determine the states of the SLM
pixels that result in that mask pattern, or that most
closely approximate the desired image. [0007] Several
approaches to OML rasterization have been described in
the literature. One such approach is image
optimization. Image optimization attempts to solve the
optimization problem by performing iterations of the
pixel states to optimally print a desired pattern
while accounting for feature proximity effects and
optical interference between the pixels. On a
conceptual level, this approach follows many
techniques utilized for optical proximity effect
correction (OPC) features designed for traditional
masks. [0008] Because the objective function of the
optimization can be formulated in terms of the
properties of an aerial image (or possibly even in
terms of the image in resist), the image optimization
approachallows relatively precise control of the
desired properties of the pattern to be printed. Ia
principle, to achieve optimization, one can place an
edge at a certain location, with the normalized
intensity log slope (NILS) along this edge satisfying
a specific threshold. 



[0009] The major challenge associated with image
optimization, however, is its comparatively high
computational cost - each iteration typically
involving 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) works by selecting the states of the SLM pixels
to approximate the diffraction field of the ideal mask
being rasterized. i the OGF approach, this
approximation is performed locally. That is, several
neighboring pixels are utilized to approximate the
diffraction field generated by the fragment of the
mask covered by one or more of these pixels. Local
approximation allows pre-computation of the states of
these neighboring pixels (the grid filter coefficients
corresponding to the selected filter stencil). An
advantage of OGF is that it is comparatively fast, and
can possibly be executed in real-time by applying a
pre-computed filter to the given description of the
pattern. However, some of the tradeoffs suffered to
realize the advantages of OGF are as follows: (i)
Because the filter stencil necessarily involves a
limited number of neighboring pixels, the match of the
pupil field by the filtered pixel states will always
be approximate, although the error of this
approximation can be made relatively small for pixel
dimensions that are small compared to the optical
resolution length; (ii) In many variations of the OGF
approach, the filtered states of the pixels generally
do not satisfy the constraints imposed on them by the
SLM pixel design. One option is to introduce a scaling
factor reducing the image intensity as much as
necessary to satisfy the constraints.This option,
however, introduces a light loss, which is generally
not desirable. (iii) hi many variations of the OGF
approach, the underlying requirement is that the
modulated pixel should be well approximated by a
graytone square. The graytone of such an approximating
square should be realvalued and constant across the
square. The first of these conditions is not valid for
piston mirror pixels and the second condition is only
approximated for a tilt mirror pixel. [0011] One
problem associated with conventional approaches such
as OGF, is the issue of light loss. That is, given the
pattern on an ideal mask to rasterize, the
conventional approaches provide a rasterization
solution that reproduces a variation of the aerial
image of the mask with this pattern. However, for many
important patterns, the image that results from such
rasterization is a scaled or dimmed image of the
original pattern. For many patterns common to
lithography (e.g., lines/spaces and contact holes), an
image produced under the effects of light loss could
contain as little as 1/7 of the dose of the original
image resulting from the pattern on the original mask.
[0012] A solution to the issue of light loss is based
on certain assumptions about the modulation
capabilities of the SLM pixels. Namely, this solution
requires that the field generated by the 



modulated pixel across the projection optics (PO)
pupil and in the image plane is well approximated by
the field generated by graytoning squares of an SLM
with a real-valued graytone. These assumptions hold
for many modulation principles (tilting mirrors,
liquid crystal display (LCD) cells etc.) as long as
the pixels are sufficiently underresolved. However,
these assumptions might not immediately be valid for
pistoning mirror pixels (complex-valued graytones with
unit amplitudes). They are also largely invalid in the
case of other modulation types (e.g. tilting mirrors)
when the dimensions of the subresolution pixels
approach the resolution limit from lower values.[0013]
What is needed, therefore, is a technique to provide
accurate rasterization with minimal light loss for SLM
pixels that can be applied using various modulation
principles. BRIEF SUMMARY OF THE INVENTION [0014]
Consistent with the principles of the present
invention as embodied and described herein, the
present invention includes a method for determining
states of spatial light modulator (SLM) pixels in a
lithography system configured to print a desired
pattern. The method includes determining diffraction
orders associated with an ideal mask of a pattern to
be printed by the lithography system, and then
configuring the states of the SLM pixels to match all
the diffraction orders that are relevant in the image
formation. [0015] By way of background, the die
pattern to be printed in OML is generated by the SLM,
which serves as a contrast device. Each SLM pixel is
independently actuated so as to change its optical
properties. Different physical principles can be used
to modulate the light. For instance, liquid crystal
pixels can be used to vary the amplitude transmittance
of a pixel. Mirrors actuated by tilting or pistoning
can be used to vary the amount of light from each
pixel reaching the image plane. [0016] Optical
rasterization is a technique that, given the
description of the pattern to be printed (e.g. a
graphic design system (GDS II mask file)), computes
the states (e.g. pixel transmittance or pixel
micromirror tilt or piston) of the contrast device
pixels that will reproduce the pattern at an optical
image plane. [0017] The present invention provides an
optical rasterization technique, referred to herein as
global optimization rasterization. This technique
includes matching the pupil field generated by the
given mask, and taking into account the constraints
dictated by the modulation principle of the contrast
device.[0018] More specifically, the global
optimization technique of the present invention
computes the states of the SLM pixels that result in a
match with the desired diffraction pattern. This match
is achieved within the portion of the pupil space that
participates in the formation of the image for the
given illumination mode. Under certain reasonable
conditions, this match is sufficiently exact and the
partially coherent image from the SLM can match the
aerial image of the mask in and out of focus. 



[0019] Unlike the OGF approach noted above, the global
optimization technique of the present invention
explicitly accounts for the constraints on the
modulation capabilities of the SLM pixels. As a
result, light loss can be eliminated or significantly
reduced hi fact, light gain can be achieved in the
case of particular patterns and pixel geometries.
[0020] Additionally, if the appropriate degrees of
freedom are available on an SLM, the rasterization
technique of the present invention can be useful in
reproducing an ideal or near-ideal pattern that is
ordinarily prohibitively expensive or even impossible
to implement on a physical photomask. The present
invention provides OML with a capability to enable new
classes of applications that are not currently
feasible with conventional mask-based lithography.
[0021] As noted above, the global optimization
technique of the present invention is based on finding
the states of the SLM pixels, subject to the
appropriate constraints on them, and minimizing the
light loss. One category of constraints are the
modulation limitations imposed by SLM pixel design -
e.g. maximum possible/used tilt angle of the tilting
mirror pixels. [0022] Another important constraint on
the states of the pixels is that SLM pixels should
match or approximate the desired distribution of the
field in the extended pupil, multiplied by a scaling
factor (if necessary).[0023] The global optimization
techniques provided in the present invention
significantly reduce the impact of SLM pixel
constraints in order to reduce or eliminate light loss
in resulting OML patterns. [0024] Further features and
advantages of the present invention as well as the
structure and operation of various embodiments of the
present invention, are described in detail below with
reference to the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS/FIGURES [0025] The
accompanying drawings which are incorporated herein
and constitute part of the specification, illustrate
embodiments of the present invention and, together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention. In
the drawings: [0026] FIG. 1 is a block diagram
illustration of a maskless lithography system
structured and arranged in accordance with an
embodiment of the present invention; [0027] FIG. 2 is
an illustration of a one dimensional mirror grid in
accordance with the present invention; [0028] FIG. 3
is an illustration of a two dimensional mirror grid in
accordance with the present invention; [0029] FIG. 4
is an illustration of a diffraction order pattern
generated by an ideal mask in accordance with the
present invention; [0030] FIG. 5 is an illustration of
reducing larger optimization problems to smaller
problems in accordance with the present 



invention; [0031] FIG. 6 is an illustration of the
dependence of grid filter coefficients on both
position and orientation of an edge; [0032] FIG. 7 is
a graphical illustration of minimizing light loss vs.
pitch and position of pistoning mirrors in accordance
with an aspect of the present invention;[0033] FIG. 8
is a flow diagram of an exemplary method of an
embodiment of the present invention^ and [0034] FIG. 9
is a block diagram of an exemplary computer system on
which portions of the present invention can be
practiced. DETAILED DESCRIPTION OF THE INVENTION
[0035] The following detailed description of the
present invention refers to the accompanying drawings
that illustrate exemplary embodiments consistent with
this invention. Other embodiments are possible, and
modifications may be made to the embodiments within
the spirit and scope of the invention. Therefore, the
following detailed description is not meant to limit
the invention. Rather, the scope of the invention is
defined by the appended claims. [0036] This
specification discloses one or more embodiments that
incorporate the features of this invention. The
disclosed embodiment(s) merely exemplify the
invention. The scope of the invention is not limited
to the disclosed embodiment(s). The invention is
defined by the claims appended hereto. [0037] The
embodiment(s) described, and references in the
specification to "one embodiment", "an embodiment",
"an example embodiment", etc., indicate that the
embodiments) described may include a particular
feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same
embodiment. Further, when a particular feature,
structure, or characteristic is described in
connection with an embodiment, it is understood that
it is within the knowledge of one skilled in the art
to effect such feature, structure, or characteristic
in connection with other embodiments whether or not
explicitly described. [0038] It would be apparent to
one skilled in the art that the present invention, as
described below, may be implemented in many
differentembodiments of hardware and/or the entities
illustrated in the drawings. Thus, the operation and
behavior of the present invention will be described
with the understanding that modifications and
variations of the embodiments are possible, given the
level of detail presented herein. [0039] By way of
background, FIG. 1 is a block diagram view of a
maskless lithography system arranged in accordance
with an embodiment of the present invention. In FIG.
1, a maskless lithography system 100 includes a
control system 102. The control system 102 includes a
computer processor, a memory, and a user interface
configured to enable a user to input data for
instructing the 



maskless lithography system 100 to produce a printed
pattern. [0040] The control system 102 is coupled to a
pulsed light source 104 which provides pulses of light
from a light source, such as an excimer laser or some
other suitable pulsed illumination mechanism. The
pulsed light source 104 is coupled to a beam relay
system 106 which is typically an anamorphic system
that includes a series of lenses to create a desired
numerical aperture in the light beam produced by the
pulsed light source 104. The pulsed light output from
the beam relay 106 is imaged onto a programmable array
108. [0041] The programmable array 108 is configured
to receive image pattern data 110, representative of a
desirable lithographic pattern, and reflect light
representative of the image to a projection optics
(PO) 109. The pattern data 110 is also known in the
art as mask layout data. The light reflected from
programmable array 108 passes through the PO 109 and
then falls onto the substrate 112. The function of the
PO is (1) to form an image of the object on the
substrate and (2) to reduce the image compared to the
dimensions of the object. A pattern, representative of
the image data 110, is then imaged onto a
photosensitive surface of substrate 112, such as a
wafer substrate, which is being scanned at a constant
velocity. As understood by those of skill in the art,
the images that are to be projected onto
thephotosensitive surface 112 are contained in the
programmable array 108 and may be changed by a user
via the control system 102. [0042J The present
invention substantially reduces or eliminates light
loss, as discussed above, depending on the pattern and
the illumination mode in systems, such as the
lithography system 100. For pixel dimensions that are
sufficiently smaller than the resolution limit, the
global optimization technique of the present invention
facilitates matching the pupil field variation from
any ideal mask, thus reproducing the pupil field with
little or no residual error. [00431 A non-linear
version of global optimization allows rasterization
for the SLMs that have modulation principles that
cannot be wellapproximated by graytones. Global
optimization also allows processing of pixels that are
too large for graytone approximation to be
sufficiently accurate. [0044] Stated another way,
global optimization enables computation of the states
of all SLM pixels that would render the desired
distribution of the field in the PO pupil. The desired
field in the PO pupil can be the field from an ideal
mask to be emulated by the SLM or the customdesigned
pupil field resulting in the image with desired
properties. Only the part of the PO pupil affecting
the aerial image needs to be considered. [0045] The
area of the PO pupil actually affecting the aerial
image is called the essential PO pupil. For a
partially coherent (PC) illumination, this area is a
support of a convolution of the extended source with
the numerical aperture (NA) circle. The extended PO
pupil is the smallest circular pupil containing the
essential PO pupil. 



Matching the pupil field within the essential PO pupil
(or, as a simplification, the extended PO pupil)
allows one to compute the rasterization that will work
for the PC illumination mode, corresponding to this
extended source. This concept is addressed more folly
below in reference to FIG. 4. [0046] Global
optimization, as implemented in the present invention,
can use the (generally non-linear) function describing
the dependenceof the field across the extended pupil
on the modulated state of the pixel. An alternative
approach to using the non-linear function is to use a
linear graytone approximation. This is valid for SLM
pixels producing real-valued graytones (e.g. tilting
mirrors), provided that the pixels are small
(under-resolved). [00471 When a linear graytone
approximation is not valid, for example in the case of
pistoning mirrors, one solution to finding the states
of the pixels corresponding to the resulting graytones
is to use emulation. For generic contrast devices, a
particular embodiment of the present invention can be
used to minimize the emulation error. [0048] In
accordance with the present invention, emulation error
can be minimized in the following exemplary manner. If
g is the vector of (complex) graytones, and A is the
matrix that maps the complexvalued distribution of
graytones into the values of the field through an
essential (or extended) pupil, then obtain the pixel
states p by minimize || A (f(p) - g) ||2 subject to
the constraints determined by the modulation
principle. Example: f(p) = exp(i p) for pistoning
mirrors (p the pistoning displacement as phase).
[0049] Several variations to the exemplary technique
above can be formulated. These variations can include,
for example, (a) reducing the total problem to a set
of local problems, by multiplying the norm by
weighting functions that are nonzero for only a few
pixels at the time. Another variation (b) can include
changing variables in such a way as to transform the
above problem into an unconstrained optimization
problem. This can be done globally or locally (as in
(a) above). A final variation (c) can include
combining the above problem with the Global
Optimization of graytones into a problem to produce
optimal p rather than optimal g. [0050] Another
exemplary embodiment of the present invention can be
used to minimize emulation error for pistoning mirror
devices. That is, for pistoning mirror devices, a
simplified expression, equivalent tominimizing ||
(f(p) - g) ||2 , can be solved in some approximated
sense. A concrete example (e.g., one dimension, the
two dimensional case is similar) of this is to solve
the equations in the least-squares sense, for each
pair of adjacent pixels j and j+1 . (1) (1/2) (exp(i
pj) +exp(i Pj+1)) = (1/2) (gj + gj.,0 [0051] In this
example, the right hand side represents the average
graytone for two adjacent mirrors, or the approximate
graytone of a pixel "in between" the original two.
This "shifted grid" emulation allows the use of piston
mirrors of the same size as the original 



(graytone) ones, a considerable advantage over those
techniques in which each graytone is realized using
two or more piston mirrors. [0052] FIG. 2 is an
exemplary illustration of a one-dimensional variation
on the emulation methodology discussed above. More
specifically, FIG. 2 includes a one-dimensional
shifted grid 200 including graytones 202 for a real
mirror grid. Instead of averaging the graytones of
adjacent pixels, graytones can be recomputed for a new
virtual grid 204 that is shifted A pixel off from the
real mirror grid. Phase angles 206 can be computed for
configuring respective pistons in accordance with the
new virtual grid 204 in accordance with equation (1).
[0053] FIG. 3 is an exemplary illustration of a
two-dimensional variation on the emulation methodology
above. That is, FIG. 3 includes a two-dimensional
shifted grid 300 using four adjacent pixels. The
two-dimensional shifter grid 300 includes a virtual
grid 302 (shifted 1/2 pixel in both directions). Phase
angles 304 of the pistons are extended periodically in
both directions in accordance with equation (2) as
follows :(2) [0054] Also, a more accurate emulation
can be obtained using three or more (in one
dimension), or nine or more ( in two dimensions)
pixels at the time. Finally, the Global Optimization
of graytones can be modified so as to obtain a set of
graytones that are more amenable to be implemented
accurately using the above shifted grid approximation.
[0055] The emulation methodology related to generic
contrast devices and pistoning mirror devices
discussed above, can provide a higher level of
lithographic performance, for each type of contrast
device. Although these two emulation techniques were
discussed above, the present invention is in on way
limited to these particular techniques. Numerous other
emulation approaches are possible within the spirit
and scope of the present invention. [0056] If the
exact non-linear version of the global optimization
technique is used, as noted above, the modulation
states of the pixels should be constrained to the
limits that are utilized during the MLL tool operation
(e.g. max. tilt angle of the tilting mirror pixel).
If, on the other hand, the linear graytone
approximation is used, the graytones should be
constrained to the limits dictated by the actual
modulation capabilities of the pixel. [0057]
Rasterization, as performed by the present invention,
is based upon using the SLM pixels to match the
diffraction pattern generated by an ideal mask, or to
match a known diffraction pattern resulting in an
image with desired properties. Although the present
invention primarily addresses rasterization of dense
(i.e. infinitely periodized) patterns, arbitrary (e.g.
isolated) features can also be accommodated either by
working with the continuous diffraction field patterns
through the pupil, or by considering the dense
patterns with sufficiently large pitch.[0058] The
programmable array 108 can include an SLM, or some 



other suitable micro-mirror array. By way of
background, an SLM is an array composed of a multitude
of individually controlled pixels (otherwise referred
to as SLM elements). Each pixel can change its optical
properties in a controllable manner so that the field
in the object plane can be modulated. A typical SLM
has square pixels arranged in a rectangular array,
with each pixel having an ability to change only one
of the parameters characterizing its optical
properties (oneparametric local modulation) within a
certain range. [0059] For example, an existing SLM has
16 x 16 mm2 tilting mirrors arranged in a 2040 x 512
array and running at a 1 KHz refresh rate. The light
modulation principles implemented in different SLMs
can be classified as transmittance modulation,
modulation by light deflection, phase shift
modulation, de-focus modulation, and/or a combination
of several of the aforementioned modulation types.
[0060] FIG. 4 is an illustration 400 of locations of
the diffraction orders (d.o.s.) generated by a mask
within the system 100. The illustration 400 is a
simplification in both the shape of the pupil and the
fact that it only depends on the maximum illumination
sigma (smax) . More specifically, given a PO with a
numerical aperture NA, for the case of a coherent
illumination with a wavelength l, only the diffraction
orders within a circle defined by (fx 2 + fy 2) <
(NA/l)2 affect the aerial image. For a more general
case of partially coherent illumination, essential or
extended pupil of the PO can be defined as the area in
the pupil coordinates (fx , fy), the field from which
affects the aerial image. [0061] The essential pupil
depends on the NA of the PO and the particular
illumination mode (the shape of the extended source).
In the most general case, in mathematical terms, the
essential pupil is a support of a convolution of
characteristic functions of the NA circle and the
extended source in the plane of the pupil coordinates
(fx, fy). For instance, in FIG. 4, the double circle
contour 402 bounding the diffraction orders affecting
the aerial image is an essential pupilcorresponding to
a certain dipole illumination mode with the radius of
each circle being (NA/ l). More specifically, The
portion of the diffraction pattern in the pupil
affecting the aerial image for a given illumination
mode is know as the essential pupil. It is a support
of the convolution of the NA circle and the source.
The example above corresponds to a dipole source.
[0062] In the example of FIG. 4, a circular portion
404 is know as the extended pupil and can be defined
by (3) (fx2 + fy 2) < [(l+ smax)(NA/l)]2 , [0063] The
extended pupil does not depend on the shape of the
illumination, but only on the maximum s [0064] The
complex amplitudes U of all diffraction orders 



participating in the formation of an aerial image are
given by (4) U^=A(P) , where p is a vector of states
of SLM pixels (e.g. tilts of tilting mirrors, pistons
of pistoning mirrors, etc.), and A(p) is a predefined
function that depends on the pixel modulation
principle, pixel dimension/geometry, the wavelength of
the light, illumination mode, and NA of the PO. [0065]
For the case of SLMs of certain modulation principles,
the pixel is an object with a uniform (generally
complex-valued) transmittance/reflectivity (a pixel
graytone). Examples include the LCD pixels changing
their amplitude transmittance or pistoning mirror
pixels varying the phase of their complex-valued
reflectivity. For some other modulation principles
used in SLM pixels, the diffraction field from a
single pixel can be well approximated by a field from
an object that has dimensions of the actual pixel and
a uniform complexvalued transmittance/reflectivity.
For example, tilting mirror SLM pixels are
characterized by the quantity referred to as complex
amplitude to define an effective graytone. For those
cases wheregraytone approximation is applicable, the
accuracy of this approximation increases as the
dimension of the pixel decreases compared to l/NA.
[0066] For purposes of illustration, consider a
periodized ideal mask pattern with a period sampling
an integer number of SLM pixels. Such patterns result
in co-located d.o.s from the ideal mask and the
graytoning squares of an SLM. The complex amplitudes
U(p) of all d.o.s participating in the formation of an
aerial image is given by: (5) U = A g, [0067] where g
is a vector composed of graytones corresponding to all
SLM pixels. In the framework of the graytone
approximation above, the complex amplitudes of the
diffraction orders inside the essential pupil are a
linear function of the pixel graytones (g). A is a
known matrix that depends on the pixel dimension and
geometry, the wavelength of the light, illumination
mode and NA of the PO, and the graytone of each pixel
can be expressed as a function of its state parameter:
gj =gj (pj). A is composed of the rows of the discrete
fourier transform (DFT) matrix, corresponding to d.o.s
affecting the image, with each column multiplied by
sinc(Lfx) sinc(Lfy), where L is the dimension of the
pixel. [0068] Given the description of a mask pattern,
e.g. a union of polygons each with its own amplitude
and phase transmittance on a background of a known
amplitude and phase transmittance, one can compute the
complex amplitudes R of the diffraction orders inside
the essential pupil. To solve the rasterization
problem, one needs to satisfy a set of generally
non-linear equations: (6) A(P) = R . [0069] The SLM
rasterization methods based on finding the pixel
states satisfying the equation (5) is called global
optimization.[0070] Using the global optimization
technique, initial assumptions 



include the description of an ideal mask as a union of
polygons, each with its own amplitude and phase
transmittance on a background of a known amplitude and
phase transmittance. From this description, one
computes the complex amplitudes (R) of the ideal mask
d.o.s. affecting the aerial image: (7) A g = R [0071]
Expression (7) is then solved to determine the
graytones. [0072] Additional factors to consider
include the number of equations vs. the number of
unknowns, constraints on g, the light loss problem,
and computational complexity. [0073] One other issue
arising in rasterization is the ratio of the number of
conditions (6) to be satisfied to the number of
available degrees of freedom (i.e. the number of
available pixels). If the number of available degrees
of freedom exceeds the number of conditions (6), the
diffraction field distribution across the essential
pupil can be reproduced and the SLM partially coherent
aerial image will match that of a mask, in and out of
focus. Under these conditions, for the pixels with
modulation principles allowing sufficiently accurate
graytone approximation, the matrix A can be
demonstrated to be a fullrank matrix. In general, an
infinite number of distributions between the pixels
can be found, resulting in the aerial image matching
that of a given mask, both in and out of focus. [0074]
Expression (7) is solved with the assumption that the
graytones are real. Based on this assumption, the
number of unknowns (Nu) is the number of pixels in a
simulation region: u= NxNy. [0075] The number of
equations (Ne) is equal to 2 times the number of d.o.s
affecting the aerial image - because of Re and Im. For
estimation purposes, assume that essential pupil is a
circle of the radius is max illumination sigtna) and
that the simulation domain has dimensions Dx -by- Dy
to get(8) Ne 2p (NA(l+ smax)/l)2 / (1/(Dx Dy))2 (9)
Ne/Nu (L / (l/NA) ) 2 2p (l+ smax)2 [0076] In
expression (9). L is the dimension of the square pixel
at the image plane (i.e. after optical
demagnification). The term smac is a non-dimensional
parameter such that the area of the essential pupil in
the pupil coordinates is equal to the area of the
circle of the radius NA(l+ smax)/l. [0077] For
example, smax is maximal illumination sigma for the
annular illumination mode. The system remains
underdetermined (Ne < Nu) so long as an SLM pixel is
sufficiently under-resolved by the PO. As the size of
the pixel is increased towards the optical resolution
limit of the PO, the number of available degrees of
freedoms Nu drops to the point where the system is
over-constrained (Ne > Nu) and an exact solution
cannot be determined. [0078] The system is
underdetermined (Ne < Nu ) as long as an SLM pixel is
sufficiently under-resolved by the PO. It should be
noted that if the SLM pixels are sufficiently
sub-resolution, then the SLM has 



sufficient number of degrees of freedom to reproduce
the desired distribution of field in the pupil. [0079]
The states of individual SLM pixels pj are usually
subject to certain constrains, dictated by the design
and utilization of the SLM. For instance, the tilt of
the tilting mirror pixels varies within certain
ranges. These constraints should be taken into account
when looking for the pixel states satisfying (9).
[0080] When a graytone approximation is utilized, and
the graytones utilized in the approximation can be
assumed to be real-valued, these constraints usually
reduce to inequality constraints: (10) g-< gj < g+
[0081] As an example, in a particular case of a
tilting square mirror pixel, the graytone is given by
g = smc(a/a0) , where a is the tiltingangle, therefore
the constraints are g+ = 1 and g = min{sinc(x), 0 < x
< 2} = - 0.2172. The approximation for g. degrades as
the feature moves towards the edge of the PO pupil.
[0082] In another embodiment of the present invention,
a tilting square mirror with a 1A wavelength phase
step, whose graytone is .given by g = sin(pa/2a0)
sinc(a/2a0) , therefore the constraints are g. =
-0.722 and g= 0.722 . [0083] Using the graytone
approximation for tilting mirrors causes a graytone
approximation error. Studies have shown this error to
be small in many cases of interest. In the case that
the graytone approximation error need to be reduced,
one can do so by including in the pupil matching not
just the value of the field at the center of the
pupil, but also its slope (in the tilting direction).
This approach doubles the number of equations, but the
systems of equations is still underdetermined for
sufficiently under-resolved pixels. . [0084] In the
case of another example, assume a requirement to
rasterize the single shot of an SLM with 4*106 pixels
for the case of interest (L=8 urn, 1 193 nm, NA =
0.93/267, smax ~ 1). Using (i) the equality
constraints A g = R and (ii) the unknowns vs. the
number of equations expression above, one gets Ne / N
11 ~ 0.52, i.e. Ne ~2*106 and Nu =4*10 6. [0085] A can
be expressed in terms of the DFT of the graytone array
g. This makes it possible to use a fast Fourier
transform (FFT), or other similar techniques, to
evaluate the matrix product A g. This evaluation can
be performed, for example, with the typical available
random access memory (RAM) and central processing unit
(CPU) included within conventional personal computers
(PCs). For example, computing a FFT of a 4 mega pixel
array of graytones takes several seconds on 500 mega
hertz (MHz) pentium m PC with 256 mega bytes (MB) of
RAM memory. [0086] Generally, global optimization
techniques require simultaneous optimization of all
the graytones describing a periodic pattern. Since 



normally the die pattern is not periodic, containing
different regionswith different features, as well as
OPC and RET assist features, one could be forced to
perform the optimization over the whole die, large
pieces of a die, or at least all the pixels on a
single contrast device (already in the millions).
Solving optimization problems with millions of
variables are not feasible. A need exists, therefore,
to reduce the larger optimization problems to a set of
smaller optimization problems (with the number of
variables in the thousands, not millions). This is
solved by the current invention. [0087] FIG. 5 is an
illustration of yet another embodiment of the present
invention for reducing the larger set of optimization
problems to smaller ones. In FIG. 5, a pattern 500 can
be divided into reasonably sized patches 502, for
example 500 x 500 pixels. Each patch 302 gets extended
an additional number of pixels 304 and then
transitioned to zero (or 1A) graytone 506 so as to not
to interfere with the central patch. Such an extended
patch can now be periodized 308, and the rasterization
problem solved via an optimization of manageable size.
The solution, illustrated in FIG. 5, would be valid
(with a great degree of accuracy) on the pixels on the
original patch. The exemplary techniques of FIG. 5
enables the global optimization techniques to provide
the best rasterization solution, one that is feasible
and easier to implement [0088] Many windowing
techniques, from 2D Fourier analysis, image
processing, etc., can provide alternatives to the
approach of FIG. 5. These alternatives, however,
create the need for the framing approach of FIG. 5 to
be applied to photolithography. [0089] The field in
the diffraction orders within the essential pupil R is
a Fourier transformation of the transmittance function
of the object O(x,y). Partition the object into
fragments Oj(x,y), so that O(x,y) = j Oj(x,y) and each
fragment represents the transmittance function of an
object covered by a single SLM pixel. For square SLM
pixels, Oj(x,y) will represent a fragment of the mask
inside this square. Corresponding to this partition of
the object, the pupil field R can also be presented as
a sum R = j Rj , where each term Rj is a
Fouriertransformation of respective fragment of the
object Oj (x,y). One of many efficient, generic
triangularization techniques, well known to those of
skill in the art, can be used to find the individual
object components Oj(x,y). [0090] One can find
particular solutions g for each object fragment
described above, satisfying the equation: [0091] The
solution is then computed as a sum of particular
solutions: g = j g(r). In practice, one can solve
approximately a truncated version of the problem (11)
involving only several pixels adjacent to the j-th
pixel. Such solutions of the truncated problems can be
precomputed and stored as parameterized grid filter
coefficients. The rasterization can then be computed
relatively fast by applying the precomputed grid
filter coefficients. [0092] For sufficiently small
pixels, most of the pixels sampling the 



edge of the feature will sample a straight-line
segment of a single edge. This straight-line segment
is characterized by two parameters -its position
within a pixel and its slope. In order to pre-compute
the grid filter coefficients, one has to consider a
sufficiently large numbers of combinations of slope
and positions of the edge. [0093] FIG. 6 is an
illustration 600 of the dependence of grid filter
coefficients on both position and orientation of an
edge of pixel 404, demonstrating that both position
and slope influence the values of the grid filter
coefficients. FIG. 6 illustrates the grid filter
coefficients for nine pixels 602 as a function of a
clear area of the middle pixel 604. A graph 606
provides an illustration of the vertical edge of the
pixel 604. A graph 608 provides an illustration of a
45 edge of the pixel 604. [0094] One important
consequence of using the pre-computed filter
coefficients of FIG. 6 is that the components of the
resulting solution (g) do not necessarily satisfy the
constraints (10). Accordingly, the solution is
optionally scaled by a certain factor to be brought
into the range dictated by (10). The need to scale the
solution results inthat the resulting rasterization
reproduces the dimmed aerial image - the phenomenon
known as light loss, noted above. For some test
patterns and mirror geometry combinations, the light
resulting in SLM rasterized images contained just 13%
of the dose of the original mask. [0095]. Constraints
on graytones (g) are determined by the modulation
capabilities of the given SLMs. For the existing SLMs,
these constraints are represented by the expression
(12) g-  g  g [0096] As discussed above, if the pixels
are sufficiently sub-resolved, the system of equations
(6) has more unknowns than equations and therefore it
may admit multiple solutions. In practice, however,
the pixel modulation constraints discussed above may
result in no solution satisfying all constraints for
the given right-hand side R. One may, however, try to
find the solution for the scaled right-hand side g R ,
0 < g < 1 . If such solution exists, it will result in
an aerial image, identical to that of the original
mask, in and out of focus, but scaled by the factor g2
. One example is the light loss phenomenon discussed
previously with regard to the conventional OGF
approach. [0097] Significant light loss results in
reduction of the dose reaching the exposure area, thus
requiring higher incident dose on the object and/or an
increase in exposure time and thus decreased system
throughput. It is therefore desirable to utilize the
multiplicity of the solutions to the rasterization
problem with sub-resolution pixels in order to select
a solution that results in the least light loss, and
possibly even a light gain-, compared to the original
photomask. [0098] To achieve this, one can solve an
exemplary optimization expression with respect to the
unknowns (p, g) : maximize g subject to (i) A(p) = g R
, (ii) pixel modulation constraints on (p), as 



discussed above , (iii) g > 0 .[0099] Light loss can
be minimized by, for example, finding the real
graytones (g), in the following exemplary expression
such that Ag R g-  g  g+ [00100] Even though the above
system of linear equations is underdetermined, the
modulation constraints on g may result in that a
solution does not exist for certain common patterns
(right-hand sides R). [00101] The solution can
nevertheless be found for an attenuated pattern: (13)
A g = g R (14) g- < g < g+ [00102] where 0< g <1 is an
attenuation constant. [00103] To expose such an
attenuated pattern, one needs to increase the dose
proportionally to (1/g)2 - a light loss problem. For
example, for some conventional rasterization
techniques, it has been observed that doses need to be
increased by a factor of up to 6-8. The rasterization
technique of the present invention minimizes light
losses of this order. [00104] The above is a linear
programming problem and many efficient algorithms
exist for its solution. This approach can be used with
SLMs of any modulation principles - as long as there
is a reasonably accurate way to relate the state of
each pixel with some effective graytones (g). SLMs
having different modulation principles include SLMs
with tilting mirror pixels and tilting mirror pixels
with steps. Pistoning mirrors are less obvious, but
also can be done too via a shifted grid or similar
pistoning mirror mimicking approaches. [00105] For the
case of pistoning., a non-linear approach can be used.
Global optimization using nonlinear piston
optimization entails finding the real-valued pistons
of pixel mirrors p such that (15) A exp( i r) = RHere,
exp(i p) is a result of component-wise exponentiation.
[00106] Note that there is no need to impose
constraints on p, as long as a full piston modulation
range ([0, 2p]) is available for all pixels. Pistons
outside this range are exactly equivalent to their
values mod 2p. [00107] The above system of expressions
(15) is desirably solved iteratively, starting from an
initial estimation. During actual laboratory
implementations using the considered cases, the
iterations converged relatively fast (~5 iterations)
starting from a reasonable initial guess (pistons
estimated from geometrical graytones). The advantage
of this method is that it provides avoidance of
graytone mimicking errors. [00108] Reduction of a
constrained optimization problem to an unconstrained
one: Given a g that must satisfy the constraints g _ <
g < g+ , define g = Vi (g+ + g.) + 1A (g+ - g.) cos(p)
c + d cos(r) A g = R becomes A (c + d cos(p)) = R ,
and then 



A cos(p) (1/d) (R- A c) = RmOd , for which an
unconstrained optimization method can be used. [00109]
Examples of light loss minimization techniques are
provided below. [00110] A first of these examples is
based on patterns of lines and spaces. The parameters
includes pitch [135; 150; 195; 260; 715]* nanometers
(nm) / M and linewidth [ 65; 68.68; 80.77; 104.65;
107.20]*nm / M. The lines and spaces patterns are
shifted by 0:1:14 nm (wafer scale). The associated
imaging parameters are: l=193.375*nm; (wavelength)
M=30/8000; (magnification) NA=0.93*M; (object-side
numerical aperture) Illumination: smax = 0.89 (e.g.
C-quasar 0.69<s<0.89, 30 deg b.a.) [00111] SLM pixels:
pistoning or tilting mirrors, L_x = 8 micrometer (ran)
[30 nanometer (nm) wafer scale]. In this example, the
globaloptimization technique of the present invention
is used to minimize the light loss in emulating the 6%
Att phase shifting mask (PSM). [00112] FIG. 7 is a
graphical illustration 700 of minimizing light loss
vs. pitch and position of pistoning mirrors, in
support of the first example. As shown in FIG. 7, the
minimization light loss factor, created through use of
the present invention, varies minimally (compared to
the light loss factor resulting from conventional
techniques discussed above) as a function of the
position of the pattern. In FIG. 7, with pistoning
mirrors, there is an overall light gain (not loss),
unless the pitch is greater than ~200nm. [00113] As
noted above, FFT decomposition is one other technique
that can be used to enhance the performance of global
optimization rasterization. For example, in equation
(7), A can be expressed in terms of a matrix F (a
discrete FT of the pixel graytones) and a rectangular
matrix K composed of selected rows of a diagonal
matrix (A_matrix): (16) A = K F [00114] One advantage
of the approach of equation (16) is that an FFT can be
used to compute Ag in O(N In(N)) time without storing
the Ajoaatrix. Another advantage is that the minimal
norm solution of equation (7) can also be computed
using FFT in O(N In(N)) time without storing the
matrix A: g_min_norm FT Kt (KK ) 1 R [00115] The above
FFT-based techniques to compute A g and g_min_norm
serve as building blocks for iterative methods used to
account for (i) non-linearity in modulation, (ii)
constraints on the modulation parameters, and (iii)
light loss minimization. [00116] The minimun norm
(unconstrained) 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 ImageTesting (AIT) in short
term, an FFT graytone rasterization method can be used
for large SLM arrays (256 x 256 and up) that is
relatively fast (0.3sec) and minimizes memory use.
Additionally, unrestrained piston 



iterations can be re-expressed by using the A_matrix
to achieve similar results for pistons (p). Based on
the piston rasterization result, an FFT script can be
used for constrained graytone iteration rasterization
without explicit use of the Ajtnatrix. [00117]
Generally, the global optimization techniques of tiie
present invention allow compensating for known gaps
between pixel mirrors and known SLM pixel
imperfections. The examples of imperfections are
reflecting surface curvature, variation of the
reflectivity across the pixel mirror, light reflected
from portions of the SLM other than the pixel mirror
(gaps, posts etc.). [00118] Because the described
global optimization technique of the present invention
matches the field in the pupil, it can be used to
compensate for the known PO aberrations. For example,
for the case of coherent light and field independent
aberrations, suppose the PO has a wave front
aberration W(fx,fy) and the purpose of the
rasterization algorithm is to match the field in the
pupil U(fx,fy). If Global Optimization algorithm is
given the pupil field to match that is equal to
U(fc,fy)*exp(-i*W(fx,fy)), then the resulting
rasterization will compensate this PO aberrations.
[00119] The present invention can be used to
compensate for defective pixels. For example, if a
small number of defective pixels is present, the
remaining (working) pixels will still be adequate to
match the desired pupil field. The result is a
compensation of defective pixels. Defective pixels
generally do not affect CD, even if the defective
pixel falls on the edge of the pattern. [00120] FIG. 8
is a flow diagram of an exemplary method 800 of an
embodiment of the present invention. 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 patterns
typicallycomprise a union of polygons, possibly with
phase and graytone varying from polygon to polygon and
background. The pattern is be rasterized and
decomposed into elementary objects (e.g., rectangles
or triangles). Next, in step 804, the pupil field
diffraction orders corresponding to all the elementary
objects are generated. The graytones for all pixels of
the SLM are located to optimally approximate the
diffraction orders within the essential or extended
pupil in step 806. This can be achieved by operation
of well known complex-value techniques. In step 808,
the state of each pixel (e.g. the tilt of its mirror,
or a voltage) is selected so as to emulate or mimic
the graytone assigned to this pixel. [00121] As stated
above, the present invention can be implemented in
hardware, or as a combination of software and
hardware. Consequently, the invention may be
implemented in the environment of a computer system or
other processing system. For example, the control
system 102, or portions thereof, can be implemented in
a computer system. An example of such a computer
system 900 is 



shown in FIG. 9. [00122] In FIG. 9, the computer
system 900 includes one or more processors, such as a
processor 904. The processor 904 can be a special
purpose or a general purpose digital signal processor.
The processor 904 is connected to a communication
infrastructure 906 (for example, a bus or network).
Various software implementations are described in
terms of this exemplary computer system. After reading
this description, it will become apparent to a person
skilled in the relevant art how to implement the
invention using other computer systems and/or computer
architectures. [00123] The computer system 900 also
includes a main memory 908, preferably RAM, and may
also include a secondary memory 910. The secondary
memory 910 may include, for example, a hard disk drive
912 and/or a removable storage drive 914, representing
a floppy disk drive, a magnetic tape drive, an optical
disk drive, etc. The removable storage drive 914 reads
from and/or writes to a removable storage unit918 in a
well known manner. The removable storage unit 918,
represents a floppy disk, magnetic tape, optical disk,
etc. which is read by and written to by removable
storage drive 914. As will be appreciated, the
removable storage unit 918 includes a computer usable
storage medium having stored therein computer software
and/or data. [00124] Ih alternative implementations,
the secondary memory 910 may include other similar
means for allowing computer programs or other
instructions to be loaded into the computer system
900. Such means may include, for example, a removable
storage unit 922 and an interface 920. Examples of
such means may include a program cartridge and
cartridge interface (such as that found in video game
devices), a removable memory chip (such as an EPROM,
or PROM) and associated socket, and the other
removable storage units 922 and the interfaces 920
which allow software and data to be transferred from
the removable storage unit 922 to the computer system
900. [00125] The computer system 900 may also include
a communications interface 924. The communications
interface 924 allows software and data to be
transferred between the computer system 900 and
external devices. Examples of the communications
interface 924 may include a modem, a network interface
(such as an Ethernet card), a communications port, a
PCMCIA slot and card, etc. Software and data
transferred via the communications interface 924 are
in the form of signals 928 which may be electronic,
electromagnetic, optical or other signals capable of
being received by the communications interface 924.
These signals 928 are provided to the communications
interface 924 via a communications path 926. The
communications path 926 carries the signals 928 and
may be implemented using wire or cable, fiber optics,
a phone line, a cellular phone link, an RF link and
other communications channels. [00126] In the present
application, the terms "computer readable medium" and
"computer usable medium" are used to generally refer
to 



media such as the removable storage drive 914, a hard
disk installed inthe hard disk drive 912, and the
signals 928. These computer program products are means
for providing software to the computer system 900.
[00127] Computer programs (also called computer
control logic) are stored in the main memory 908
and/or the secondary memory 910. Computer programs may
also be received via the communications interface 924.
Such computer programs, when executed, enable the
computer system 900 to implement the present invention
as discussed herein. [00128] particular, the computer
programs, when executed, enable the processor 904 to
implement the processes of the present invention.
Accordingly, such computer programs represent
controllers of the computer system 900. By way of
example, in the embodiments of the invention, the
processes/methods performed by signal processing
blocks of encoders and/or decoders can be performed by
computer control logic. Where the invention is
implemented using software, the software may be stored
in a computer program product and loaded into the
computer system 900 using the removable storage drive
914, the hard drive 912 or the communications
interface 924. CONCLUSION [00129] The present
invention provides a unique optical rasterization
approach that matches the pupil field generated by the
given mask. The approach takes into account the
constraints dictated by the modulation principle of
the contrast device. Thus, by using the present
invention, more accurate rasterization can be
performed with minimized light loss for SLM pixels.
[00130] For any feasible combination of SLM type and
Optimization Method, 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
andprovides an efficient method to perform
rasterization on a very large scale (millions of
mirrors at a time). For example, many of the specific
global optimization techniques in the present
significantly improve both computational time and
memory requirements, ultimately reducing costs.
[00132] Other aspects of the present invention, such
as the emulation methodology presented herein, can be
combined with the global optimization methods to
obtain graytones. These combined techniques can
provide a higher level of lithographic performance for
many different types of contrast devices. [00133] The
present invention has been described above with the
aid of functional building blocks illustrating the
performance of specified functions and relationships
thereof. The boundaries of these functional building
blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries
can be defined so 



long as the specified functions and relationships
thereof are appropriately performed. [00134] Any such
alternate boundaries are thus within the scope and
spirit of the claimed invention. Thus, the breadth and
scope of the present invention should not be limited
by any of the above-described exemplary embodiments,
but should be defined only in accordance with the
following claims and their equivalents. [00135] The
foregoing description of the specific embodiments will
so fully reveal the general nature of the invention
that others can, by applying knowledge within the
skill of the art (including the contents of the
references cited herein), readily modify and/or adapt
for various applications such specific embodiments,
without undue experimentation, without departing from
the general concept of the present invention.
Therefore, such adaptations and modifications are
intended to be within the meaning and 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 thatthe terminology or phraseology of
the present specification is to be interpreted by the
skilled artisan in light of the teachings and guidance
presented herein, in combination with the knowledge of
one of ordinary skill in the art. The Detailed
Description section should primarily be used to
interpret the claims. The Summary and Abstract
sections may set forth one or more, but not all
exemplary embodiments of the present invention as
contemplated by the inventor(s), and thus, are not
intended to limit the claims.WHAT IS CLAIMED IS: 1. A
method for determining states of spatial light
modulator (SLM) pixels in a lithography system
configured to print a desired pattern, comprising:
determining diffraction orders associated with an
ideal mask of a pattern to be printed by the
lithography system; and configuring the states of the
SLM pixels to match determined diffraction orders
related to the desired pattern. 2. The method of claim
1, wherein the diffraction orders are representative
of characteristics associated with the SLM pixels. 3.
The method of claim 1, wherein the pixel states are
configured to substantially match the desired
diffraction pattern. 4. The method of claim 3, wherein
the match occurs within an extended projection optics
(PO) of the lithography system. 5. The method of claim
4, wherein the detepnining includes a non-linear
expression describing a pupil field within the PO. 6.
The method of claim 4, wherein the determining
includes linear graytone approximation.7. The method
of claim 6, wherein graytone approximation is a
function of pixel state parameters. 8. The method of
claim 1, wherein the configuring compensates for
constraints associated with modulation characteristics
of the SLM. 



9. The method of claim 1, wherein the diffraction
orders are a function of PO numerical aperture,
coordinates of the extended pupil, and a illumination
wavelength. 10. A method for performing optical
rasterization of spatial light modulator (SLM) pixels
in a lithography system as a function of a pupil of an
ideal mask to rasterize and decompose a desired
pattern, the method comprising: generating pupil field
diffraction orders corresponding to elementary objects
associated with the desired pattern. deteraiing
graytones for all of the SLM pixels to optimally
approximate the generated diffraction orders within an
essential pupil of the lithography system; and
selecting a state of each pixel to emulate a
corresponding graytone assigned the pixel. 11. The
method of claim 10, wherein the selecting includes (i)
deteraimg a complex valued distribution of the
graytones and (ii)determining graytone matrix values
to map the complex valued distribution of the
graytones into the pupil field through the essential
pupil. 12. The method of claim 10, wherein the
elementary objects includes a union of polygons. 13.
The method of claim 10, wherein the determining
includes operation of complex-value techniques. 14.
The method of claim 10, wherein the state include at
least one from the group including tilt angle and
voltage level. 15. An apparatus for determining states
of spatial light modulator (SLM) pixels in a
lithography system configured to print a desired
pattern, comprising: means for determining diffraction
orders associated with an ideal mask of a pattern to
be printed by the lithography system and means for
configuring the states of the SLM pixels to match
determined diffraction orders related to the desired
pattern. 16. The apparatus of claim 15, wherein the
diffraction orders are representative of
characteristics associated with the SLM pixels. 17.
The apparatus of claim 15, wherein the pixel states
are configured to substantially match the desired
diffraction pattern.18. The apparatus of claim 17,
wherein the match occurs within an extended projection
optics (PO) of the lithography system. 19. The
apparatus of claim 18, wherein the determining
includes a non-linear expression describing a pupil
field within the PO. 20. The apparatus of claim 18,
wherein the determining includes linear graytone
approximation. 21. An apparatus for performing optical
rasterization of spatial light modulator (SLM) pixels
in a lithography system as a function of a pupil of an
ideal mask to rasterize and decompose a desired
pattern, the apparatus comprising: means for
generating pupil field diffraction orders
corresponding to elementary objects associated with
the desired pattern. means for determining graytones
for all of the SLM pixels to optimally 



approximate the generated diffraction orders within an
essential pupil of the lithography system; and means
for selecting a state of each pixel to emulate a
corresponding graytone assigned the pixel. 22. A
computer readable medium carrying one or more
sequences of one or more instructions for execution by
one or 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, theinstructions when executed by the
one or more processors, cause the one or more
processors to perform the steps of: determining
diffraction orders associated with an ideal mask of a
pattern to be printed by the lithography system; and
configuring the states of the SLM pixels to match
determined diffraction orders related to the desired
pattern. 


