
LIPID-CONTAINING COMPOSITIONS AND METHODS OF USE
THEREOF CROSS-REFERENCE TO RELATED APPLICATION [0001]
This application claims priority to U.S. Patent
Application Ser. No. 61/046,747 filed on April 21,
2008, U.S. Patent Application Ser. No. 61/075,708
filed on June 25, 2008, and U.S. Patent Application
Ser. No. 61/1 11,593 filed on November 5, 2008, all of
which are incorporated by reference herein in its
entirety for all purposes. BACKGROUND [0002] Fatty
acids play important physiological functions. They are
the building blocks of phospholipids and glycolipids,
crucial components of cell membranes. Fatty acids are
the best biological fuel molecules, capable of
yielding more than twice as much energy per gram as
produced by carbohydrate or protein. Fatty acids
directly affect the functions of many proteins through
covalent modifications of such proteins. Fatty acids
also affect membrane fluidity and associated cellular
processes. Fatty acids' derivatives are also important
hormones and biological messengers, e.g.,
prostaglandins, thromboxanes, leukotrienes, lipoxins,
and resolvins. These hormones and messengers affect a
broad range of physiological functions such as vasal
dilation, platelets aggregation, pain modulation,
inflammation, and cell growth. [0003] The human and
animal bodies synthesize many kinds of fatty acids of
various length of the carbon chain, with various
numbers and locations of double bonds. The addition of
double bonds into a fatty acid chain converts it into
an unsaturated fatty acid, which play significant
roles in physiological functions. One way of tracking
the location of the double bond in an unsaturated
fatty acid molecule is by its distance from the distal
carbon, i.e., the omega-carbon. For example, the
18-carbon oleic acid, which has a double bond at the
9th carbon from the omega position, is called omega-9
fatty acid. Table 1 below describes various
unsaturated fatty acid groups named according to their
double bond locations relative to the omega
position:Table 1. General Descriptions of Relevant
Fatty Acids [0004] As shown in the table above,
Linoleic acid (LA) and Alpha-linolenic Acid (ALA) are
the precursors for all omega-6 and omega-3 fatty
acids. It is well established that LA and ALA are
"essential" fatty acids. They must be supplied in the
diet because the human and other mammalians cannot
synthesize them from other sources. Dietary deficiency
or excess of the two essential fatty acids may cause
many illnesses. It is also well known that LA and ALA
share the same metabolic pathways, and that the excess
of one can increase the need for, or create a
deficiency of, the other. The latest science also
shows evidence that non-essential fatty acids can
interfere with the activity and metabolism of
essential fatty acids, and that the quantity of
dietary fat can also influence the metabolism of fatty
acids. ALA is known to be preferentially metabolized
by the human body depending on the amount of the other
fatty acids present in the diet. [0005] Evidence also
shows that antioxidants, phytochemicals, and vitamins
and minerals also play a role in metabolism of
essential fatty acids. Furthermore, human studies have
identified that males and females appear to differ in
their ability to metabolize essential fatty acids. It
has been suggested that sex hormones play a role in
these differences. Molecules of polyunsaturated fatty
acids have a zigzaglike structure. Because they are
flexible and do not pack tightly, they stay fluid even
at cold temperatures and collectively lend flexibility
to tissues. Hence, in colder climates the human body
benefits from greater amounts of polyunsaturated fatty
acids. [0006] Numerous studies provide evidence for
the prophylaxis and treatment of medical conditions
using supplementation with omega-3 fatty acids and
recommendations to reduce omega-6 consumption. The
symptoms treated with such lipid profiles included
menopause, cardiovascular diseases, mental disorders,
neural disorders, musculoskeletal disorders, endocrine
disorders, cancer, digestive systemdisorders, symptoms
of aging, viral infections, bacterial infections,
obesity, overweight, renal diseases, pulmonary
disorders, ophthalmologic disorders, dermatological
disorders, sleep disorders, dental diseases, and the
diseases of the immune system including autoimmunity.
For example, U.S. Patent No. 5,780,45 1 taught lipid
formulations for patients with ulcerative colitis,
which include omega- 3, omega-6, and omega-9 fatty
acids. The omega-3 content in these lipid formulations
was several-fold higher than that of omega-6.
Similarly, a recently published U.S. patent
application, US2008/0039525, disclosed lipid
compositions used for diabetic patients, which
contained omega-3, omega-6, and omega-9 fatty acids,
with the specific ratio of omega-6 to omega-3 being
between 0.25:1 to 3:1. [0007] The traditional emphasis
on increasing omega-3 and reducing omega-6 consumption
often does not result in satisfactory relieves because
of the uncertainties introduced by dietary and
demographic factors. Accordingly, improved treatments,
using improved lipid compositions, for medical
conditions are still needed. In fact, on January 26,
2009, for the first time the American Heart
Association issued an advisory to correct the
perception that omega-6 are unhealthy
(http://americanheart.mediaroom.com/index.php?s=43&ite
m=650). The current methodologies are confusing for
the consumer, hence lead to over consumption or under
consumption of critical nutrients with major health
consequences. BRIEF SUMMARY [0008] The present
disclosure relates to compositions and methods for
prophylaxis and/or treatment of medical conditions
linked with an imbalance in one or more lipids within
context of other factors. More particularly, the
present disclosure relates to the use of compositions
and methods that use more advantageous sources of
omega-6 fatty acids, in the presence of nutritionally
adequate omega-3 fatty acids. The disclosure also
relates to methods and compositions that deliver
omega-6 and 



omega-3 fatty acids along with other nutrients that
optimize the daily delivery and bioavailability of
omega-6 and omega-3 for prophylaxis and/or treatment
of medical conditions linked with an imbalance in one
or more lipids. This disclosure also relates to
methods of steady delivery of the bioactive
substances, daily, weekly, monthly or longer duration
wide and sudden fluctuations of which may be harmful.
Furthermore, this disclosure also relates to methods
of dailydelivery of essential fatty acids within the
optimal range with respect to the recommendations.
[0009] One general embodiment of the present
disclosure is a lipid-containing composition
comprising optimal amounts of fatty acids and
phytochemicals for a mammalian subject based on one or
more factors selected from the group including the
subject's age, sex, diet, bodyweight, medical
conditions, and the climate of the subject's living
area. Such composition is administered to a subject
through a steady delivery process, as explained later,
according to one embodiment of the disclosure.
According to another embodiment of the disclosure, the
fatty acid components of the composition's lipid
contents are achieved at least in part by using one or
more of the following concentrated lipid sources:
oils, butters, nuts, and seeds. [0010] Another
embodiment of the disclosure is a lipid-containing
composition comprising polyunsaturated,
monounsaturated, and saturated fatty acids, wherein
the ratios and amounts of said three fatty acid types
are controlled based on one or more of the following
factors for a mammalian subject: age, sex, climate,
body weight, diet, and medical conditions. [0011]
Another aspect of the present disclosure is a specific
lipid composition suitable for administration to a
mammalian subject. One embodiment of such composition
comprises three or more of the following substances
(or the oil thereof) in certain defined
concentrations: peanuts, almonds, olives, soybeans,
cashews, flaxseeds, pistachios, pumpkin seeds,
sunflower seeds, sesame seeds, walnuts, anhydrous
butter, and, coconut meat. Another example of such
composition comprises a safflower oil, sunflower oil,
peanut oil, almond oil, and anhydrous butter oil.
[0012] Another aspect of the present disclosure is
directed at methods of prophylaxis or treatment of a
medical condition for a mammalian subject, said method
comprising administering a therapeutically effective
amount of balanced lipid formula to said subject.
[0013] Yet another aspect of the present disclosure is
directed at methods of creating lipid and other
nutrients-balanced diet by combining special
formulated lipid composition with lipid-free or
low-lipid food.DETAILED DESCRIPTION [0014] As used
herein, "prophylaxis" refers to the preservation of
health, a preventive treatment, or a treatment meant
to reduce the risk of a medical condition. [0015] As
used herein, the term "treatment" in the context of a
medical condition refers to the management of the
condition and may or may not involve the complete
amelioration of the condition. [0016] As used herein,
"medical condition" is a disease, disorder, syndrome,
and the like; or a symptom thereof. [0017] As used
herein a "lipid imbalance" refers to a
suboptimal/undesirable lipid profile in blood or other
tissue of a mammal, or a deficiency or excess of one
or more lipids as compared with a medical norm or as
indicated by the manifestation of a disorder. It is
understood that the body's defense mechanisms (such as
storage of essential fatty acids among others) can
help compensate for a deficiency or excess of a
particular fatty acid to a limited extent. [0018] As
used herein a "therapeutically effective amount" is an
amount of a composition that results in the
prophylaxis and/or treatment of a medical condition or
symptom of a medical condition. In some embodiments,
the adverse level of a biomarker or the severity of a
symptom of the medical condition is abated at least
10% or more, at least 25% or more, at least 50% or
more, at least 75% or more, or 100% ameliorated.
[0019] As used herein the phrase "adequate amount of
omega-3" refers to a minimum of dietary reference
intake (DRI) levels of omega-3 per day from foods,
supplements, and/or the lipid compositions. [0020] A
"therapeutic effect," as that term is used herein,
encompasses a therapeutic benefit and/or a
prophylactic benefit. By therapeutic benefit is meant
eradication or amelioration of the underlying disorder
being treated. Also, a therapeutic benefit may be
achieved with the eradication or amelioration of one
or more of the physiological symptoms associated with
the underlying disorder such that an improvement may
be observed in the patient, notwithstanding that the
patient may still be afflicted with the underlying
disorder. For prophylactic benefit, the compositions
may be administered to a patient at risk of developing
a particular disease, or to a patient reporting one or
more of the physiological symptoms of a disease, even
though a diagnosis of this disease may not have been
made. A prophylactic effect includes delaying or
eliminating the appearance of a disease orcondition,
delaying or eliminating the onset of symptoms of a
disease or condition, slowing, halting, or reversing
the progression of a disease or condition, or any
combination thereof. Lipid Formulations [0021] In one
aspect, the present disclosure incorporates relatively
high ratio of omega-6 to omega-3 fatty acid, while
maintaining optimal daily delivery of both omega-6 and
omega-3. One reason for maintaining the high ratio is
because of the incorporation of nuts and nut oils as
integral components of a formulation, which nuts and
nut oils have high antioxidants and phytochemical
content and other properties that render excessive
omega-3 unnecessary. [0022] Certain embodiments of the
present disclosure provide for compositions comprising
supplementation with one or more of the following:
vitamin A, B9 (folic acid), C, D, E; carotenoids, like
beta-carotene, lycopene, lutein, zeaxanthin; 



monophenols; polyphenols or flavonoids, including
flavonols such as quercetin, kaempferol, and
resveratrol; flavanones; flavones; flavan-3-ols such
as catechins; anthocyanins and anthocyanidins;
isoflavones or phytoestrogens including phytotesterols
such as campesterol, sitosterol, and stigmasterol;
phenolic acids such as gallic acid, ellagic acid, and
curcumin; hydroxycinnamic acids such as coumarins;
organosulfides; saponins; melatonin; antioxidants and
phytochemicals in general; and trace elements such as
Cu. Zn, Mn, Fe, Se and Mg. In certain embodiments,
each of these supplements/nutrients may reduce the
requirement/tolerance for omega-3 fatty acids and
allow for a higher omega-6 to omega-3 ratio than in
the absence of said supplements )/nutrient(s). In
certain embodiments, each of these nutrients is
optimized through natural sources such as oils,
butters, nuts, seeds, herbs, sweeteners, and other
foods. [0023] Nuts and seeds are plant embryos
containing plant stem cells. They are made to survive
the harshest of the climactic conditions until factors
are suitable for germination. As such, gram per gram,
they are one of the richest sources of natural
nutrients. Almonds are one of the most nutritionally
dense nuts, providing an array of powerful nutrients:
flavonoids, vitamin E, manganese, magnesium, copper,
vitamin B2 and phosphorus, to name a few. The
flavonoids found in nuts, particularly almond skins,
together with the vitamin E found in their meat double
the antioxidants that either delivers
separately.[0024] Walnuts, pecans and chestnuts have
the highest antioxidant content of the tree nuts, with
walnuts delivering more than 20 mmol antioxidants per
3 ounces, including at least 16 antioxidant phenols,
vitamin E, and ellagic and gallic acid. Walnuts are
also exceptionally high in their content of the
omega-6 fatty acid linoleic acid and the omega-3 fatty
acid alpha-linolenic acid. [0025] Peanuts also
contribute significantly to dietary intake of
antioxidants, rivaling the antioxidant content of
blackberries and strawberries, and are far richer in
antioxidants than apples, carrots or beets. Peanuts
are a good source of vitamin E (gamma- and alpha-
tocopherol), niacin, folate, proteins, and manganese.
Peanuts also contain high concentrations of
phytochemicals polyphenols, including resveratrol.
[0026] Sesame seeds are a very good source of
manganese, copper, calcium, magnesium, iron,
phosphorus, vitamin Bl, zinc and dietary fiber. In
addition to these important nutrients, sesame seeds
contain sesamin and sesamolin, phytosterols. Sesame
seeds have the highest total phytosterol content
(400-413 mg per 100 grams) of all nuts and seeds;
pistachios and sunflower seeds are the second richest
(270-289 mg/100 g), closely followed by pumpkin seeds
(265 mg/100 g). [0027] A quarter cup of sunflower
seeds may provide 31.9% of the daily value for
magnesium. Sunflower seeds are also a good source of
selenium. Cashews, flaxseeds, pumpkin seeds, and
sesame seeds are a good source of magnesium. Almonds,
cashews, sunflower seeds, pumpkin seeds, walnuts, and
sesame seeds are a good source of copper. Almonds,
flaxseeds, peanuts, sunflower seeds, pumpkin seeds,
and walnuts are a good source of manganese. Just
one-quarter cup of almonds may supply 45.0% of the
daily value for manganese, and 20.0% of the daily
value for copper. [0028] In one aspect, the disclosure
provides compositions that include seeds, nuts, and/or
oils. In another aspect the compositions include
legumes, dairy, cocoa, lentils, and/or grains. In one
embodiment the composition can include one or more
edible oils, culinary nuts and/or seeds in their whole
form or their oils such as, but not limited to acai
oil, amaranth oil, apple seed oil, apricot kernel oil,
argan oil, artichoke oil, avocado oil, babassu oil,
ben oil, blackcurrant seed oil, borage seed oil,
borneo tallow nut oil, bottle gourd oil, buffalo gourd
oil, butter oil (anhydrous), canola oil (rapeseed),
cape chestnut oil, carob pod oil, cocklebur oil, cocoa
butter oil, cohune oil, coriander seed oil, corn oil,
cottonseed oil, dika oil,evening primrose oil, false
flax oil (camelina sativa), fish oil (cod liver), fish
oil (herring), fish oil (menhaden), fish oil (salmon),
fish oil (sardine), grapeseed oil, household lard,
kapok seed oil, lallemantia oil, marula oil,
meadowfoam seed oil, mustard oil, nutmeg butter, okra
seed oil, palm oil. papaya seed oil, pequi oil,
perilla oil, prune kernel oil, quinoa oil, ramtil oil,
rice bran oil, royle oil, sacha inchi oil, safflower
oil, sheanut oil, soybean lecithin oil, tea oil,
thistle oil, tomato seed oil, ucuhuba butter oil,
wheat germ oil, acorns, almonds, beech nuts,
brazilnuts, breadnuts, candlenuts, chestnuts,
chilacayote nuts, Chilean hazel nuts, coconuts,
cashews, colocynth nuts, filberts, hazelnut, hickory,
kola nut, macadamia, mamoncillo, mongongo, obongo nut,
olives, peanuts, pecans, pili nuts, pine nuts,
pistachios, soya nuts, poppy seeds, pumpkin seeds,
hemp seeds, flax seeds, sesame seeds, sunflower seeds,
walnuts, and watermelon seeds. [0029] In some
embodiments, the compositions of the present
disclosure include the following optimally balanced
fatty acids and combinations thereof. Saturated fatty
acids: butyric (C4:0), lauric (C12:0), myristic
(C14:0), palmitic (C16:0), stearic (Cl 8:0), and
arachidic (20:0); monounsaturated fatty acids:
myristoleic (C14:1), palmitoleic (C16:1), and omega-9
oleic (C18:1), gadoleic (C20:l), erucic (C22:l), and
nervonic (C24:l); and polyunsaturated fatty acids:
omega-6 linoleic (C18:2), conjugated-linoleic (C18:2),
gamma-linolenic (C18:3), eicosadienoic (C20:2),
di-hommo-gamma-linolenic (C20:3), and arachidonic
(C20:4); and omega-3 alpha-linolenic (C18:3),
stearidonic (C18:4), eicosapentaenoic (C20:5),
docosapentaenoic (C22:5), and docosahexaenoic (C22:6)
fatty acids. [0030] In some embodiments, synergy among
complementing nutrients from different sources may be
incorporated. Furthermore, using different sources
avoids concentrated delivery of specific
phytochemicals that may be harmful in excess, since
nuts and seeds are known to have strong positive and
negative outcomes. In one embodiment, Ayurvedic
principles (ancient Indian medicine proven empirically
over centuries) around the use of oils, nuts, and
seeds may be integrated with western molecular science
to design various lipid-containing 



compositions. [0031] Given below in Table 2 are some
examples of components of oils. USDA website
(http://www.nal.usda.gov/fnic/foodcomp/search/) can be
consulted for detailed components of various oils,
nuts and seeds.Table 2. Relevant Components of Dietary
Oils[0032] In a related aspect, the disclosure
provides compositions that include polyunsaturated
fatty acids, monounsaturated fatty acids, saturated
fatty acids, including omega-3, omega-6, and omega-9
fatty acids. In some embodiments the composition is a
liquid formulation. In other embodiments the
composition is a solid formulation. In yet other
embodiments the composition is a semi-solid
formulation. In certain embodiments, the composition
can substitute the unbalanced fats (cooking oils,
fats, and the like) that are typically added to
various food preparations and/or supplement fats
contained in an individual's diet from other sources.
In certain embodiments, lipid-free or low-lipid diet
plans are developed to complement the composition. In
certain embodiments, the entire diet is a composition,
balanced with respect to fatty acids, antioxidants,
phytochemicals, vitamins, and minerals. In certain
embodiments, in addition to normal lipid-containing
ingredients, the disclosure may further comprise
herbs, spices, sweeteners, and additives. [0033] In
some embodiments, the disclosure includes compositions
wherein the ratios of omega-3, omega-6 and omega-9 are
in an amount sufficient to prevent the onset or
progression of, protect from the severity of or
decrease a medical condition or disorder, or a symptom
thereof. In particular embodiments, the compositions
described herein are formulated with respect to one or
more of an individual's factors including but not
limited to diet, gender, age, size, weight, medical
conditions, family medical history, climate and other
demographic factors. The compositions may be delivered
by any acceptable delivery method; in certain
embodiments vitamins and minerals may be added to the
compositions, and in certain embodiments, an
additional vitamin and mineral supplement may be
administered. [0034] In one embodiment, an individual
with a herbivorous diet, an ovo-lacto vegetarian diet,
a vegan diet, or a high-antioxidant high-phytochemical
omnivorous diet may be administered related
compositions. In another aspect, an individual with a
Iowantioxidant low-phytochemical herbivorous diet, a
low-antioxidant lowphytochemical ovo-lacto vegetarian
diet, a low-antioxidant low-phytochemical vegan diet,
or a low-antioxidant low-phytochemical omnivorous diet
may be administered related compositions. In another
aspect, an individual may be administered with
compositions that are formulated with respect to
whether his or her diet comprises a low or high intake
of seafood. This pertains to concentrated lipid
compositions. [0035] One method of measuring
antioxidant and phytochemical consumption is to
measure the number of fruits, vegetables, whole
grains, and legumes servings per day, where two or
more per day may provide high-antioxidant,
highphytochemical content. However, two or more
servings of foods such as white rice or potatoes may
contain very little phytochemicals. Yet certain other
foods, particularly herbs such as turmeric, may
contain potent phytochemicals (even in small
quantities, e.g., a quarter-teaspoon). The website
www.phytochemicals.info may be consulted for addition
information. Therefore, the disclosure provides a
number of different compositions, including one with
varying levels of omega-3 to suit a consumer's diet
and/or tolerance level. As used herein, "tolerance"
and the like means the ability of a consumer to
withstand the composition without any discomfort. In
some embodiments, the compositions designed for
consumers with high seafood diet (two or more servings
per week), include low amount of nuts and seeds. In
some instances, no nuts or seeds. Other phytochemicals
may also be minimized or eliminated as part of a
composition to avoid unfavorable interactions.
Administration [0036] In some embodiments, the
compositions comprising the lipid formulation
disclosed herein may be administered to an individual
in any orally accepted form. The lipid formulations
may be packaged in one, two, three, four or more
mutually complementing daily dosages. In some
embodiments, they may be contained in any one or more
of, but not limited to, a single dosage or sustained
and controlled release capsule, soft-gel capsule, hard
capsule, tablet, powder, lozenge, or pill prepared in
some instances with carriers such as starches, sugars,
diluents, granulating agents, lubricants, binders,
disintegrating agents, and the like; a powder or a
granule; a nutritional bar; a bakery food product such
as a bread, a dessert, a pastry, a truffle, a pudding
or cake; a sealed single dosage packet orresealable
packaging containing a liquid, an oil blend, a gel, a
sauce, a dressing, a spread, a butter, drops, a
semi-solid; liquid, or the like; or a cooking oil such
as a frying oil, a pan-frying oil, a parting oil or
the like. In some embodiments, they may be unsealed
and taken orally, or added as part of a cooking
ingredient to previously cooked or uncooked food
preparation with or without added fat. For example,
they can be made into special cooking oil, butter,
dressing, etc. and be added into foods while such
foods are being prepared. The components of the
compositions may be delivered in one-part or multiple
parts as various components of a meal or to complement
a meal, for example. In some embodiments, the
lipid-containing compositions may be delivered using a
gelatinous case, a vial, a pouch or a foil for
containing such compositions. In some embodiments,
they may be part of an enteral or parenteral formula,
or a combination thereof. In some embodiments a
one-day, one-week, two-week, b i weekly, bi-monthly,
or monthly diet plan may be formulated comprising
various lipid formulations described herein, with
varying compositions administered each day. [0037] The
balanced lipid composition disclosed herein may be
used to create a completely balanced diet plan, by
adding the composition, which contains 



balanced components of lipids, phytochemicals,
antioxidants, vitamins, to name a few, into foods as a
dietary component. In one embodiment, a dietary
component can be a cooking ingredient added to
prepared or unprepared food or beverage. In some
embodiments, it can also be a finished food product
such as a dessert or side dish, which are served
together with other components of a meal. Special
foods containing no lipid or low lipids (for example
small amounts of lipids contained in meats, poultry,
seafood, milk, fruits, vegetables, legumes and grains)
may be created to be used together with balanced lipid
formulation to ensure the complete balance of the
lipid intake. Again, the administration of the
balanced composite nutrients may be achieved through
one course in a meal or multiple courses in a meal
(e.g., salad, main course, and dessert). [0038] Each
individual may be given instructions on use of the
product, and risk and cautionary measures, as is usual
with any pharmaceutical, nutraceutical, or any product
intended for ingestion. Oils, nuts, seeds, and herbs
are potent; therefore, instructions may include
recommended dosage, frequency, and suggestions for
optimization.[0039] The delivery of the desired lipid
composition may be achieved through a one-part or
multi-part delivery system. For example, the desired
formulation may be achieved through adding various
components to various parts of a meal, including
bread, salad, main course, and/or dessert. [0040] One
aspect of the disclosure is to deliver fatty acids in
such a way that the total daily delivery of omega-6
and omega-3 from the lipid composition and the rest of
the diet are optimal with respect to daily
recommendations. [0041] Yet another aspect of the
present disclosure is the concept of steady delivery
of fatty acids, with respect to phytochemicals, based
on the observation that each time there is a change in
dietary lipid delivery/consumption, it upsets the body
physiology, sometimes with adverse effects such as
headaches, muscle and joint pains, digestive and bowel
upset, mental confusion, and anxiety; and at other
times it may cause short-lived euphoria and general
sense of wellness. Though the body adapts to the
change in 2-3 weeks or longer, long-term effects of
the change outside the optimal range may be harmful.
Furthermore, sudden large fluctuations in fatty acids
ingestion can also have acute adverse effects. This
steady delivery requires a steady dosage within the
optimal range lasting approximately 2 to 3 weeks at a
minimum. EXAMPLES Example 1. Formulas with Various
Lipid Ratios [0042] In specific embodiments of the
disclosure the formulations described herein have high
antioxidant and phytochemical content and properties
that render extra omega-3 unnecessary. In specific
embodiments sterols, sweeteners (such as honey), and
herbs/spices (such as curcumin) included in the
compositions can render extra omega-3 unnecessary. The
formulations may provide a balanced fatty acid
composition of approximately 10-100 grams of total
daily fat. The formulations may include specific
ratios of various lipid components as shown below in
Table 3. The ratios may be weight by weight, weight by
volume, or volume by volume (w/w, w/v, or v/v). Table
3. Lipid Ratios[0043] In some embodiments, the lipid
formulation calls for specific percentages of omega-9,
omega-6, and omega-3 fatty acids, as shown in Table 4
below. Table 4. Contents of Various Unsaturated Fatty
Acids Example 2. Lipid Compositions According to
Climate [0044] In one embodiment, compositions of the
disclosure are formulated as per climatic condition
and ambient temperature range. Table 5 provides % by
weight ranges for a lipid formulation that includes
oils, nuts and seeds as disclosed by embodiments of
the present disclosure, by climatic condition and
temperature range. Table 5. Lipid Formulation
According to Climate[0045] Table 6 provides % by
weight ranges (% of weight of the entire composition)
for omega-9, omega-6, and omega-3 fatty acids as
disclosed by embodiments of the present disclosure, by
climatic condition and temperature range. Table 6.
Unsaturated Fatty Acid Contents According to Climate
[0046] In the following example, specific lipid
compositions were prepared for healthy individuals
living in a variety of climates, with a high
antioxidant/phytochemicaldiet and/or a vegetarian
diet, for maintenance of general health and
well-being. The compositions were made up of a variety
of oils, nuts and seeds, as described below. The
compositions as presented in Table 7 were formulated
by three different methods: lipid liquid formulation
only, a solid or semi-solid nut and seed formulation
only, or a combination formulation containing oils,
nuts and seeds. The compositions were formulated to be
administered in a once a day format (combined
formulation), or a twice a day format where one
administration was of the liquid lipid formation and
the other administration was of the solid nut and seed
composition. [0047] Table 7 provides the omega-6 to
omega-3 ratio contained in the lipid compositions of
this example for a range of climates. The ratios are
presented, for any one of the liquid only, solid only,
or combination formulations. Table 7. Ratio of Omega-6
(O6) to Omega-3 (O3) by Climate [0048] Table 8
provides the ratio of total lipids to each of
monounsaturated, polyunsaturated, and saturated fatty
acids in the lipid compositions of this example, for a
range of climates. The ratios are presented, for any
one of the liquid only, solid only, or combination
formulations. Table 8. Ratio of Total Lipids to
Specific Lipid Components By ClimateSaturated Fats
Example 3. Lipid Compositions Based on Age, Sex and
Diet [0049] One aspect of the disclosure is to supply
lipid formulation tailored to different human subjects
based on their age and sex, and diet. Table 9 below
provides dose ranges for total fat content in grams,
the ratio range of monounsaturated fat to
polyunsaturated fat, and the ratio range of
monounsaturated fat to saturated fat, 



range of omega-6 content in grams, ratio range of
omega-9 to omega-6, range of omega-3 content in grams,
and the ratio range of omega-6 to omega-3 for
vegetarian or high antioxidant and/or high
phytochemical consuming nonvegetarian subjects as
disclosed by embodiments of the present disclosure, by
gender and age group. Table 9. Lipid Dosages Based on
Age and Sex for Vegetarians and High
Anti-Oxidant/Phytochemical Consuming Omnivores Range
Range Range Range Range Range Range Total Fat - g
Mono:Poly Mono:Sat O6 - g O9:O6 O3 - g O6:O3 Infants
7-12 mo 10-50 1: 1-3: 1 1: 1-5: 1 1-10 1:1-3: 1 0. 1-3
4:1-45:1 Children 1-3 y 10-60 1: 1-3: 1 1: 1-5: 1 2-15
1:1-3: 1 0. 1-3 4:1-45:1 Males 4-8 y 10-75 :l-3: :l-5:
2-25 :l-3: 0. 1-4 4:1-45:1 9-13 y 15-80 :l-3: :l-5:
2-30 :l-3: 0. 1-4 4:1-45:1 14-18 y 20-100 :l-3: :l-5:
2-35 :l-3: 0.2-5 4:1-45: 1 19-3O y 20-100 :l-3: :l-5:
2-40 :l-3: 0.2-5 4:1-45: 1 31-5O y 20-80 :l-3: :l-5:
2-40 :l-3: 0.2-5 4:1-45: 1 51-7O y 15-80 :l-3: :l-5:
2-30 :l-3: 0.2-5 4:1-45: 1 >70 y 15-80 :l-3: :l-5:
2-30 :l-3: 0.2-5 4:1-45:1 Females 4-8 y 12-70 :l-3:
:l-5: 2-25 :l-3: 0. 1-3 4:1-45:1 9-13 y 15-80 :l-3:
:l-5: 2-25 :l-3: 0. 1-3 4:1-45:1 14-18 y 20-80 :l-3:
:l-5: 2-30 :l-3: 0.2-4 4:1-45: 1 19-3O y 20-80 :l-3:
:l-5: 2-30 :l-3: 0.2-4 4:1-45: 1 31-5O y 15-80 :l-3:
:l-5: 2-30 :l-3: 0.2-4 4:1-45: 1 Pregnancy 24-100
:l-3: :l-5: 2-35 :l-3: 0.2-5 4:1-45:1 Lactation 24-100
:l-3: :l-5: 2-35 :l-3: 0.2-5 4:1-45:1 Menopause 15-80
:l-3: :l-5: 2-30 :l-3: 0.2-4 4:1-45: 1[0050] Table 10
provides dose ranges for total fat content in grams,
the ratio range of monounsaturated fat to
polyunsaturated fat, and the ratio range of
monounsaturated fat to saturated fat, range of omega-6
content in grams, ratio range of omega-9 to omega-6,
range of omega-3 content in grams, and the ratio range
of omega-6 to omega-3 for non-vegetarian (i.e.,
omnivorous) or lowantioxidant and/or low
phytochemicals consuming vegetarian subjects as
disclosed by the present disclosure by gender and age
group. Table 10. Lipid Dosages Based on Age and Sex
for Omnivores and Low Anti-Oxidant/Phytochemical
Consuming Vegetarians Range Total Range Range Range
Range Fat - g Range Mono:Poly Mono: Sat O6 - g Range
O9:O6 O3 - g O6:O3 Infants 7-12 mo 10-50 1:1-3:1
1:1-5:1 1-10 1 : 1-3:1 0. 1-3 1:1-10: 1 Children 1-3 y
10-60 1:1-3:1 1:1-5:1 2-15 1 : 1-3:1 0. 1-3 1:1-10: 1
Males 4-8 y 10-75 2-20 0.2-5 1:l-10: l 9-13 y 15-80
2-25 0.2-5 1:l-10: l 14-18 y 20-100 2-30 0.3-6 1:l-10:
l 19-3O y 20-100 2-35 0.3-6 1:l-10: l 3 1-5O y 20-80
2-35 0.3-6 1:l-10: l 51-7O y 15-80 2-25 0.3-6 1:l-10:
l >70 y 15-80 2-25 0.3-6 1:l-10: l Females 4-8 y 12-70
2-20 0.2-4 1:l-10: l 9-13 y 15-80 2-20 0.2-4 1:l-10: l
14-18 y 20-80 2-25 0.3-5 1:l-10: l 19-3O y 20-80 2-25
0.3-5 1:l-10: l 3 1-5O y 15-80 2-25 0.3-5 1:l-10: l
Pregnancy 24-100 2-30 0.3-5 1:l-10: l Lactation 24-100
2-30 0.3-5 1:l-10: l Menopause 15-80 2-25 0.3-5
1:l-10: l [0051] Table 11 provides dose ranges for
total fat content in grams, the ratio range of
mono-unsaturated fat to polyunsaturated fat, and the
ratio range of monounsaturated fat to saturated fat,
range of omega-6 content in grams, ratio range of
omega-9 to omega-6, range of omega-3 content in grams
and the ratio range of omega-6 to omega-3 for
high-seafood consumers as disclosed by the present
disclosure by gender and age group. Table. 11. Lipid
Dosages Based on Age and Sex for High-Seafood
Consumers Range Total Range Range Mono : Range Range
Range Range Fat - g Mono : Poly Sat O 6 - g O9 : O6 O3
- g O6 : O3 Infants 7-12 mo 10-50 1:1-3:1 1:1-5: 1
1-10 1:1-3:1 0.1-3 2:1-30: 1Children 1-3 y 10-60
1:1-3:1 1:1-5: 1 2-15 1:1-3:1 0.1-3 2:1-30: 1 Males
4-8 y 10-75 1:1-3:1 1:1-5: 1 2-25 1-3:1 0.1-4 2:1-30:
1 9-13 y 15-80 1:1-3:1 1:1-5: 1 2-30 1-3:1 0. 1-4
2:1-30: 1 14-18 y 20-100 1:1-3:1 1:1-5: 1 2-35 1-3:1
0.2-5 2:1-30: 1 19-3O y 20-100 1:1-3:1 1:1-5: 1 2-40
1-3:1 0.2-5 2:1-30: 1 31-5O y 20-80 1:1-3: 1 1:1-5: 1
2-40 1-3:1 0.2-5 2:1-30: 1 51-7O y 15-80 1:1-3: 1
1:1-5: 1 2-30 1-3:1 0.2-5 2:1-30: 1 >70 y 15-80
1:1-3:1 1:1-5: 1 2-30 1-3:1 0.2-5 2:1-30: 1 



Females 4-8 y 12-70 1:1-3:1 1:1-5: 1 2-25 1: 1-3: 1 0.
1-3 2:1-30: 1 9-13 y 15-80 1:1-3: 1 1:1-5: 1 2-25
1:1-3 :1 0 .1-3 2 :1-30: 1 14-18 y 20-80 1:1-3: 1
1:1-5: 1 2-30 1:1-3 :1 0.2-4 2 :1-30: 1 19-30 y 20-80
1:1-3: 1 1:1-5: 1 2-30 1:1-3 :1 0.2-4 2 :1-30: 1 3
1-50 y 15-80 1:1-3: 1 1:1-5: 1 2-30 1:1-3 :1 0.2-4 2
:1-30: 1 Pregnancy 24-100 1:1-3: 1 1:1-5: 1 2-35 1:1-3
:1 0.2-5 2 :1-30: 1 Lactation 24-100 1:1-3: 1 1:1-5: 1
2-35 1:1-3 :1 0.2-5 2 :1-30: 1 Menopause 15-80 1:1-3:
1 1:1-5: 1 2-30 1:1-3 :1 0.2-4 2 :1-30: 1 Example 4.
Diet Formulations [0052] In one embodiment, the total
daily lipids from all foods are within the ratios
described herein and the compositions described herein
are administered to an individual that falls within
the age and calorie intake range as recommended.
[0053] In another embodiment, the lipid ratios and
compositions described herein are administered to an
individual whose total diet comprises 20%-45% of
calories from fat (including from the lipid
compositions), 45%-65% calories from carbohydrates,
and 10%-25% calories from proteins. In one particular
aspect, the total calories consumed by the individual
falls within the ranges as daily recommended average,
as per gender, age, and activity level, to name a few.
[0054] In particular embodiments a meal plan may be
established for the subject to be followed in
conjunction with the administration of the
composition. [0055] In some embodiments, the lipid
ratios and compositions described herein are
administered to an individual whose diet comprises
20%-45% of calories from fat. In one aspect 60-90% of
calories from fat are supplied by the lipid
compositions described herein. In a further aspect the
calories from fats are supplied by one or more of fish
oils, dairy products (butter, butter oil, milk, milk
cream, and/or cheese), fruit oils, vegetable oils,
nuts, seeds, nut oils, and seed oils. [0056] In some
embodiments, the lipid ratios and compositions
described herein are administered to an individual
whose diet comprises 45%-65% of total caloriesfrom
carbohydrates. In another aspect the diet comprises
45%-65% of total calories from carbohydrates, which
carbohydrates are from a 50%-70% intake of grains in
calories, 15%-30% intake of vegetables in calories,
and 10%-30% intake of fruits in calories. In a related
aspect the calories from carbohydrates are
additionally from one or more of spices, sweeteners,
and beverages. In a further aspect the 50%-70% of
carbohydrates from grains are supplied by one or more
of wheat, rice, corn, barley, spelt, oats, rye,
buckwheat, millet, quinoa, and other grains. [0057] In
some embodiments, the lipid ratios and compositions
described herein are administered to an individual
whose diet comprises 10%-25% of calories from
proteins. In another aspect the diet comprises 10%-25%
of calories from proteins, which proteins are from one
or more of but not limited to legumes, eggs, cheese,
milk, yogurt, poultry, seafood, and meat. [0058] In
one embodiment, a diet plan is provided which includes
the 20%-45% of calories from fat, which are supplied
by the lipid compositions described herein. In a
related embodiment, a 1-day, a 1-week, a 2-week, or a
1-month diet plan is provided which includes the
20%-45% of calories from fat, of which 60-90% of fat
calories are supplied by the lipid compositions
described herein. In one diet plan, the remaining
45-65% of calories from carbohydrates and 10-25% of
calories from proteins are supplied by a diet
including the following components, ranges specified
in calories. a. Calories from Carbohydrates 45-65% i.
Grains 50-70% 1. Wheat <50% 2. Rice <50% 3. Corn <20%
4. Barley <20% 5. Spelt <20% 6. Oats <20% 7. Rye <20%
8. Buckwheat <15% 9. Millet <15% 10. Quinoa <15% 11.
Other Grains <10% ii. Vegetables 15-30% 1. Asparagus,
Bell Peppers, Cucumber, Eggplant, Green beans, Green
peas, Kale, Romaine, Spinach, Squashsummer and winter,
Tomato, Carrots, Romaine Lettuce, Radish, Bitter
Gourd, Okra, Fenugreek Leaves <50% 2. Broccoli,
Brussels Sprout, Cabbage, Chard, Cauliflower, Mustard
Greens, Collard Greens, Turnip Greens <40% 3. Turnip,
Beets, Potatoes, Yams, Sweet Potatoes <50% 4. Fungi
<25% 5. Other Vegetables <15% iii. Fruits 10-30% 1.
Apple, Apricot, Orange, Pear, Plum, Banana,
Cantaloupe, Grapes <75% 2. Grapefruit, Papaya, Mango,
Pineapple <50% 3. Blueberries, Cranberries, Figs,
Kiwi, Prune, Raspberries, Pomegranate, Strawberries,
Watermelon <30% 4. Other fruits < 15% iv. Spices <7%
1. Basil, Black pepper, Cayenne pepper, Chili Pepper,
Cinnamon, Cloves, Coriander seeds and leaves, Cumin, 



Dill, Ginger, Mustard Seeds, Oregano, Peppermint
leaves, Rosemary, Sage, Thyme, Turmeric, Fennel,
Garlic, Onion, Leeks, Parsley, Celery, Cardamom,
Saffron, Lime, Lemon, Tamarind, Table salt, Mint,
Vinegar, other v. Sweeteners <7% 1. Molasses, Cane
Juice, Honey, Maple Syrup, Dates, Raisins, Dried
Berries, Figs, Sugar, other vi. Beverages <5% 1. Green
tea, Black tea, cocoa, coffee, alcohol, other <5% b.
Calories from proteins 10-25% i. Legumes: Black beans,
Dried Peas, Mung beans, Garbanzo, Kidney beans,
Lentils, Lima beans, Navy beans, Pinto beans, Soybeans
<75% ii. Eggs <25% iii. Cheese <25% iv. Milk <25% v.
Yogurt <25% vi. Poultry <30% vii. Seafood <30% viii.
Meat <30% ix. Other <15%Example 5. Formulation with
Varied Omega-3 Fatty Acid Content [0059] Table 12
provides dose ranges for total fat content in grams,
the ratio range of monounsaturated fat to
polyunsaturated fat, and the ratio range of
monounsaturated fat to saturated fat, range of omega-6
content in grams, ratio range of omega- 9 to omega-6,
ratio range of omega-6 to omega-3, range of omega-3
content in grams designed by age and gender with
increasing strength of omega-3, low, medium, and high,
such that the human subject may choose the composition
most agreeable to his/her diet, where the selection
may be based upon the level of antioxidants and
phytochemicals in the diet and/or medical
predisposition. Table 12. Lipid Dosages Based on Age
and Sex for Various Levels of Omega-3 Fatty Acids Low
Med. High Strength Strength Strength Range Range Total
Range Range Range Range Range Range Range O3 - g Fat-
g Mono:Poly Mono:Sat O6 - g O9:O6 O6:O3 O3 - g O3 - g
Infants 7-12 mo 10-50 1:1-3: 1 1:1-5: 1 1-10 1:1-3 :1
1:1-45: 1 0.1-1 .0 1.0-2.0 2.0-3.0 Children 1-3 y
10-60 1:1-3: 1 1:1-5: 1 2-15 1:1-3 :1 1:1-45: 1 0.1-1
.0 1.0-2.0 2.0-3.0 Males 4-8 y 10-75 1:1-3: 1 1:1-5: 1
2-20 1:1-3 :1 1:1-45: 1 0.1-1 .0 1.0-2.0 2.0-5.0 9-13
y 15-80 1:1-3: 1 1:1-5: 1 2-25 1:1-3 :1 1:1-45: 1
0.1-1 .0 1.0-2.0 2.0-5.0 14-18 y 20-100 1:1-3: 1
1:1-5: 1 2-30 1:1-3 :1 1:1-45: 1 0.2-1 .0 1.0-2.0
2.0-6.0 19-30 y 20-100 1:1-3: 1 1:1-5: 1 2-35 1:1-3 :1
1:1-45: 1 0.2-1 .0 1.0-2.0 2.0-6.0 3 1-50 y 20-80
1:1-3: 1 1:1-5: 1 2-35 1:1-3 :1 1:1-45: 1 0.2-1 .0
1.0-2.0 2.0-6.0 5 1-7O y 15-80 1:1-3: 1 1:1-5: 1 2-25
1:1-3 :1 1:1-45: 1 0.2-1 .0 1.0-2.0 2.0-6.0 >70 y
15-80 1:1-3: 1 1:1-5: 1 2-25 1:1-3 :1 1:1-45: 1 0.2-1
.0 1.0-2.0 2.0-6.0 Females 4-8 y 12-70 1:1-3: 1 1:1-5:
1 2-20 1:1-3 :1 1:1-45: 1 0.1-1 .0 1.0-2.0 2.0-4.0
9-13 y 15-80 1:1-3: 1 1:1-5: 1 2-20 1:1-3 :1 1:1-45: 1
0.1-1 .0 1.0-2.0 2.0-4.0 14-18 y 20-80 1:1-3: 1 1:1-5:
1 2-25 1:1-3 :1 1:1-45: 1 0.2-1 .0 1.0-2.0 2.0-5.0
19-30 y 20-80 1:1-3: 1 1:1-5: 1 2-25 1:1-3 :1 1:1-45:
1 0.2-1 .0 1.0-2.0 2.0-5.0 3 1-50 y 15-80 1:1-3: 1
1:1-5: 1 2-25 1:1-3 :1 1:1-45: 1 0.2-1 .0 1.0-2.0
2.0-5.0 Pregnancy 24-100 1:1-3: 1 1:1-5: 1 2-30 1:1-3
:1 1:1-45: 1 0.2-1 .0 1.0-2.0 2.0-5.0 Lactation 24-100
1:1-3: 1 1:1-5: 1 2-30 1:1-3 :1 1:1-45: 1 0.2-1 .0
1.0-2.0 2.0-5.0 Menopause 15-80 1:1-3: 1 1:1-5: 1 2-25
1:1-3 :1 1:1-45: 1 0.1-1 .0 1.0-2.0 2.0-4.0 Example 6.
Formulation Based on Medical Conditions [0060] In
various embodiments, lipid compositions described
herein are administered to an individual for the
prophylaxis and/or treatment of diseases, disorders or
conditions. For example, the lipid formulation is used
to alleviate symptoms ofmenopause, the process of the
cessation of menstruation. It is also used to
alleviate the symptoms of endocrine disorders. [0061]
Table 13 provides dose ranges for total fat content in
grams, the ratio range of monounsaturated fat to
polyunsaturated fat, and the ratio range of
monounsaturated fat to saturated fat, range of omega-6
content in grams, ratio range of omega-9 to omega-6,
range of omega-3 content in grams, and the ratio range
of omega-6 to omega-3 for subjects with medical
indications as disclosed by the present disclosure.
Table 13. Lipid Formulation Based on Medical
Conditions Total Fat - Range Mono: Sa Range Range
Range Range g Mono:Poly t O6 - g O9:O6 O3 - g O6:O3 11
. 11- Menopause 15-100 1:1-3: 1 1:1-5: 1 2-30 5 :1
0.2-4 1:1-45: 1 1:1- Cardiovascular Disease 15-100
1:1-3: 1 1:1-5: 1 2-35 5 :1 0.1-6 1:1-45: 1 1:1-
Mental Disorders 15-100 1:1-3: 1 1:1-5: 1 2-30 5 :1
0.1-6 1:1-45: 1 Musculoskelatal 1:1- Disorders 15-100
1:1-3: 1 1:1-5: 1 2-30 5 :1 0.1-6 1:1-45: 1 



1:1- Symptoms of Aging 15-100 1:1-3: 1 1:1-5: 1 2-30 5
:1 0.1-6 1:1-45: 1 1:1- Endocrine Disorders 15-100
1:1-3: 1 1:1-5: 1 2-35 5 :1 0.1-5 1:1-45: 1 1:1- Viral
Infections 15-100 1:1-3: 1 1:1-5: 1 1-30 5 :1 0.1-4
1:1-45: 1 1:1- Bacterial Infections 15-100 1:1-3: 1
1:1-5: 1 1-30 5 :1 0.1-4 1:1-45: 1 11 .11 - Obesity
15-100 1:1-3: 1 1:1-5: 1 1-40 5 :1 0.1-6 1:1-45: 1
1:1- Renal Diseases 15-100 1:1-3: 1 1:1-5: 1 1-30 5 :1
0.1-6 1:1-45: 1 1:1- Pulmonary Disorders 15-100 1:1-3:
1 1:1-5: 1 1-25 5 :1 0.1-6 1:1-45: 1 11 . 11-
Opthalmologic Disorders 15-100 1:1-3: 1 1:1-5: 1 1-25
5:1 0.1-6 1:1-45: 1 1:1- Dental Disorders 15-100
1:1-3: 1 1:1-5: 1 2-30 5 :1 0.1-6 1:1-45: 1 1:1-
Cancer 15-100 1:1-3: 1 1:1-5: 1 1-35 5 :1 0.1-6
1:1-45: 1 Example 7. Lipid Composition According to
Diet and Medical Condition [0062] In one example lipid
composition parameters were established per diet or
medical condition, intended for daily administration
(one or more components). As per Table 14 and Table 15
the parameters of the compositions were established
for an individual whose diet is high in
antioxidants/phytochemicals and/or is avegetarian; an
individual whose diet is low in antioxidants/
phytochemicals and/or is a non-vegetarian, or an
individual presenting with a medical condition or
disorder. The compositions are made up of a variety of
nut oils, seed oils, vegetable oils, fruit oils, and
other oils, nuts, and seeds. Table 14 presents the
ratio ranges of polyunsaturated, monounsaturated,
saturated, omega-3, omega-6, and omega-9 fats. Table
15 presents some compositions with the specified
ratios of polyunsaturated, monounsaturated, saturated,
omega-3, omega-6, and omega-9 fats. Table 14. Lipid
Composition in Ratio Ranges, by Diet Type or Medical
Condition Table 15. Lipid Composition Ratios, by Diet
Type or Medical ConditionExample 8. Two-Component
Lipid Formulation According to Diet and Medical
Condition [0063] In one example liquid lipid and solid
lipid composition parameters were established per diet
or medical condition, intended for twice-a-day
administration (i.e. 2 component daily formulation).
As per Table 16 to Table 19, the parameters of the
compositions were established for an individual whose
diet is high in antioxidants/phytochemicals and/or is
a vegetarian; an individual whose diet is low in
antioxidants/phytochemicals and /or is a
non-vegetarian, or an individual presenting with a
medical condition or disorder. The compositions are
made up of a variety of nut oils, seed oils, vegetable
oils, fruit oils, and other oils, nuts, and seeds.
Table 16 presents the ratios of polyunsaturated,
monounsaturated, saturated, omega-3, omega-6, and
omega-9 fats for the bar (solid) formulation. Table 17
presents the ratios of polyunsaturated,
monounsaturated, saturated, omega-3, omega-6, and
omega-9 fats for the liquid formulation. Table 18
presents examples of bar formulation (solid) and Table
19 presents one liquid composition with the specified
ratio ranges of polyunsaturated, monounsaturated,
saturated, omega-3, omega-6, and omega-9 fats. [0064]
Table 16. Solid Lipid Composition in Ratios, by Diet
Type or Medical ConditionTable 17. Liquid Lipid
Composition in Ratios, by Diet Type or Medical
Condition Table 18. Solid Lipid Composition in Ratio
Ranges, by Diet Type or Medical Condition Table 19.
Liquid Lipid Composition in Ratio Ranges, by Diet Type
or Medical ConditionExample 9. Special Formulations
Based on Diet [0065] In this example one liquid lipid
composition parameters was established and one
formulation was prepared, intended for once, twice, or
thrice or more a day administration to an individual
whose diet is high in antioxidants/phytochemicals
and/or is a vegetarian and to an individual who does
not favor, or cannot tolerate nuts and seeds. The
compositions include a variety of nut oils, seed oils,
vegetable oils, fruit oils, and other oils. Some
ranges for a formulation are provided by % by weight
(w/w) for each component (representing the % weight
for that individual component on a daily basis). The
compositions can be administered once or more daily.
Some compositions may include two or more of: almond
oil (4%-23%), anhydrous butter oil (5%-29%), avocado
oil (l%-6%), cashew oil (2%-15%), coconut oil (0%-2%),
corn oil (3%-19%), fish oil (0%-5%), flaxseed oil
(0%-5%), mustard oil (0%-5%), olive oil (3%-17%), palm
oil (0%- 5%), peanut oil (5%-30%), pistachio oil
(l%-7%), pumpkin seeds (l%-8%), safflower oil (high
oleic) (1% - 5%), sesame oil(0% - 50%), soybean
lecithin (0%- 5%). soybean oil(l%-7%), sunflower oil
(high oleic)(2% -14%), sunflower oil (regular)(0%-5%),
and/or walnut oil (3%-15%). [0066] Another set of
parameters for one liquid lipid composition was
established, intended for once, twice, or thrice a day
administration to an individual who does not favor, or
can not tolerate nuts and seeds. The compositions
included a variety of nut oils, seed oils, vegetable
oils, fruit oils, and other oils. Some ranges for a
formulation are provided by % by weight (w/w) for each
component (representing the % weight for that
individual component on a daily basis). The ranges
canaccommodate
vegetarian/high-antioxidant/high-phytochemical user
and omnivore/low-antioxidant/low-phytochemical user or
a seafood user, in different combinations. The
compositions can be administered once or more daily.
Some compositions may include two or more of: almond
oil (2%-36%), anhydrous 



butter oil (2%-36%), coconut oil (0%-8%), corn oil
(l%-24%), flaxseed oil (0%- 8%), mustard oil (0%-8%),
olive oil (2%-36), palm oil (0%-2%), peanut oil (4%-
72%), pumpkin seeds oil (l%-24%), safflower oil (high
oleic) (2% - 60%), soybean lecithin (0%-4%), sunflower
oil (high oleic) (4% -72%), and/or walnut oil
(2%-36%). Example 10. Daily Formulations [0067] Liquid
lipid and solid lipid composition parameters were
established for a twicedaily administration (i.e.
2-component daily formulations). The compositions were
made up of a variety of nut oils, seed oils, vegetable
oils, fruit oils, and other oils. The ranges for each
component of the liquid and solid formulations are
presented for each of the solid and liquid
formulations. The solid formulation includes two or
more of by % weight of total composition: almonds (10%
- 25%), cashews (7% -15%) coconut shredded (1% -4%),
flaxseed (0% -1%), olives (15% -25%), peanuts (4%
-15%), pistachios (2% -9%), pumpkin seeds (2% -12%),
sesame (0% -0%), soybeans (8% -20%), sunflower seeds
(1% -4%), and/or walnuts (5% -15%). The liquid
formulation includes two or more of by % weight of
total composition: avocado oil (3% -14%), corn oil
(15% -30%), mustard oil (0% -2%), olive oil (10%
-22%), palm oil (0% -2%), peanut oil (15% -35%),
safflower oil (high oleic)(5% -15%), soybean lecithin
(0% -2%), sunflower oil (high oleic)(10% -25%), and/or
anhydrous butter oil (5% -15%). [0068] Some parameters
were also established for one or more daily
administration (e.g., 1, 2 or 3 component daily
formulation). The compositions were made up of a
variety of nuts, seeds, nut oils, seed oils, vegetable
oils, fruit oils, and other oils. The ranges for each
component of the formulations are presented for each
of the solid and liquid components. The formulation
can include two or more of by % weight of total
composition: peanuts or peanut oil (4-35), almonds or
almond oil (2%-25%), olives or olive oil(3%-45%),
legumes or grains (15%-45%), cashews or cashew oil
(10%-40%), pistachios or pistachio oil (5%-25%),
pumpkin seeds or pumpkin seed oil (4%-25%), sunflower
seeds or sunflower seed oil (2%-30%), sesame seeds or
sesame seed oil (0%-20%), walnuts or walnut oil
(5%-25%),flaxseed or flaxseed oil (0%-10%), anhydrous
butter oil or milk product including cheese (5%-45%),
coconut meat or coconut oil (2%-8%), corn oil
(3%-20%), avocado oil (3%-8%), safflower oil (2%-20%),
mustard oil (0%-8%), palm oil (0%-8%), and/or soybean
lecithin (0%-2%). Example 11. A Case Study on
Menopause, Aging, and Musculoskeletal Disorders [0069]
A 47-year old female presented with menopause-related
hot flushes. The subject's diet was supplemented with
a combination of vegetable oils, seed oils, nuts and
seeds for a period of 6 weeks. The subject was
provided with the twicedaily administration
formulation in Example 10. By optimizing omega-6 and
omega-3 fatty acids and ratios thereof, it was
observed that there was an adaptation period over
which the intensity of hot flushes gradually
diminished. Other symptoms reduced were: night sweats,
loss of libido, vaginal dryness, fatigue, hair loss,
sensitivity to hot and cold, sleep disorders,
difficulty concentrating, memory lapses, weight gain,
bloating, mood swings, depression, anxiety,
irritability, breast tenderness, migraines, aching
joints, burning tongue, the feeling of electric
shocks, digestive problems, gum problems, muscle
tensions, itchy skin, and tingling in the extremities,
as reported by the subject. During the 6-week course
of treatment, the subject did improve her posture,
which is indicative of greater muscle mass, joint
and/or tendon strength and flexibility, and bone
density. The effect on osteoporosis can be tested by
continuing the treatment with the supplement of oils,
nuts, and seeds over a longer period of time and
measuring bone density, using standard methods,
before, during, and after treatment. [0070] It is
likely that beneficial effects of treatment on the
menopause-related symptoms was due to achieving steady
sex-hormone-like benefit from omega-6 and omega-3
fatty acid supplementation and optimization. The
amount of dietary fat, its composition, and the period
during which the nutrient is fed to animals is known
to affect the secretion and metabolism of androgens
and endogenous steroids, and the presentation of sex
hormone receptor on the cell surface. Estrogens and
polyunsaturated fatty acids are also believed to have
similar actions. Das UN. Estrogen, statins, and
polyunsaturated fatty acids: similarities in their
actions and benefits-is there a common link?
Nutrition. 2002 Feb; 18(2): 178-88. McVey MJ, Cooke
GM, Curran IH, Chan HM, Kubow S, Lok E, Mehta R. Epub
2007 Sep 11. Effects of dietary fats and proteins on
rat testicular steroidogenic enzymes andserum
testosterone levels. Food Chem Toxicol. 2008 Jan;
46(l):259-69. Gromadzka-Ostrowska J . Effects of
dietary fat on androgen secretion and metabolism.
Reprod Biol. 2006;6 Suppl 2:13-20. In addition to
amount and composition, relatively steady dosages may
also be important to reduce hormone fluctuations. ]
Nutrients from the total diet (natural sources)
including the lipid composition administered were as
follows in Table 20. Table 20. The Subject's Daily
NutrientsExample 12. A Case Study on
Hypercholesterolemia, Cardiovascular Disease [0072]
The host subject experienced hypercholesterolemia on a
vegetarian diet low in fat, mostly olive oil (75%
monounsaturated fat), a daily fish oil supplement of 1
gram, and a daily total essential fatty acids (EFA)
supplement of 1 gram. As part of the treatment, the
fish oil and EFA supplements were discontinued. The
subject was then administered a daily lipid
composition supplement containing 11 grams of omega-6
and 1.2 grams of omega-3, made up primarily from a
combination of vegetable oils, and nuts and seeds.
Administration of the lipid composition resulted in a
reduction of LDL from 160mg to 120mg. Very low levels
of blood pressure were observed, 90/55 mmHg, when
omega-3 was increased to 1.8 grams; blood pressure
levels normalized at 105/70 mmHg at 11 grams of
omega-6 and 1.2 grams of omega-3. When omega-3 was
reduced from 1.8 grams to 1.2 grams 



per day, the subject experienced an irregular
heartbeat, which subsided over a period of 2-3 weeks.
However, when omega-3 was further reduced to 0.5 grams
per day, it resulted in an ongoing arrhythmia. [0073]
This case study demonstrated that supplementation with
vegetable oils, nuts, and seeds, wherein the omega-6
to omega-3 ratio was about 9:1 results in a
significant decrease in LDL cholesterol blood levels
(dyslipidemia which is associated with
atherosclerosis). This case study also demonstrated
that the lipid compositions and ratios described
herein may be useful in moderating blood pressure and
arrhythmia. [0074] In another human subject, intense
muscle spasms arising from the left thoracic
cavity/wall were observed subsequent to a meal high in
omega-6, whereas the subject's typical diet included
primarily monounsaturated fatty acids and very small
amounts of saturated fatty acids. It is hypothesized,
that sudden increase in omega-6, when the body is
chronically deficient may be harmful. [0075]
Polyunsaturated fats (omega-6, particularly
gamma-linolenic acid) have often been recommended to
reduce coronary heart disease along with
recommendations to reduce saturated fatty acids. But
all saturated fats do not have the same effecton
cholesterol synthesis in the liver. Saturated fats of
chain-length 12, 14 and 16 (lauric acid, myristic acid
and palmitic acid) have been shown to elevate blood
cholesterol. Stearic acid (18-carbon, saturated) has
been shown to lower cholesterol by 21%-even more than
oleic acid (18-carbon, monounsaturated), which lowers
LDL by 15%. Polyunsaturated fats increase cell
membrane fluidity and therefore tissue flexibility,
including that of the arteries. It has been suggested
that reduced activity of Delta and Delta5 desaturases,
enzymes that metabolize essential fatty acids may be a
factor in the initiation and progression of
atherosclerosis. Das UN. A defect in the activity of
Delta and Delta5 desaturases may be a factor in the
initiation and progression of atherosclerosis.
Prostaglandins Leukot Essent Fatty Acids. 2007 May;
76(5):251-68. Epub 2007 Apr 26. Certain phytochemicals
have been shown to inhibit the enzymatic activity.
Fujiyama-Fujiwara Y, Umeda R, Igarashi O. Effects of
sesamin and curcumin on delta 5-desaturation and chain
elongation of polyunsaturated fatty acid metabolism in
primary cultured rat hepatocytes. J Nutr Sci Vitaminol
(Tokyo). 1992 Aug;38(4):353-63. Example 13. A Case
Study on Mood Swing, Mental Function The subject host
was placed on a trial of varying ratios of omega-6 and
omega-3 using various oils and nut combinations. Each
time omega-3 was reduced or omega-6 was increased the
subject became depressed and was given to crying at
the slightest provocation. When omega-3 was increased,
it elevated the subject's mood, immediately
noticeable. However, within certain ranges of omega-6
and omega-3, the effect was self-adjusting, e.g., over
a period of 3-6 weeks the moods normalized. It was
also observed that within that range of omega-6 and
omega-3, over a period of 3-6 weeks the subject in
fact was more grounded at higher levels of omega-6;
and was euphoric at higher levels of omega-3 . Omega-3
increase enhanced cognitive function, which was
immediately noticeable. Omega-3 reduction caused
confusion, dyslexia, and a decline in cognitive
function but these symptoms subsided with time, again
within certain omega-6 and omega-3 ranges. The subject
also displayed greater attention span and
concentration after omega-6 and omega-3 were optimized
over a period of 3-6 weeks, with greater reading
speeds and comprehension. Thus, the subject performed
better at a lower level of omega-3, which suggests
that an adaptation mechanism was activated to
compensate for the required level of omega-6
metabolites. There may be a similaradaptation
mechanism for required level of omega-3. The
cumulative effects of such adaptations could pose a
threat to the individual. [0077] Manipulation of
dietary fats can alter the fatty acid composition of
brain-cell membranes, with effects on thought
processing and behavior. Polyunsaturated fatty acids
could be associated at different levels in brain
functions through their role in the membrane fluidity
which influences diverse steps of neurotransmission
and through their function as precursors of
pro-inflammatory cytokines and eicosanoids disturbing
neurotransmission. Example 14. Case Studies on Neural
Disorders 1. Progressive Supra-nuclear Palsy [0078]
The subject host was a 50-year old woman whose
symptoms included dental sensitivity, deteriorating
muscle mass, occasional breathing difficulty, easy
bruising, mild arrhythmia, and difficult bowel
movement. A dentist, as a solution to her sensitive
teeth, had extracted and replaced her teeth with
dentures at 50. Each of her other symptoms was treated
as a stand-alone symptom and treated with non-lipid
medications. At 60 she developed loss of balance,
diplopia (double vision), and slurry speech.
Eventually when she started having bone-shattering
falls, she was diagnosed with Progressive
Supra-nuclear Palsy (PSP), a neurological disease
mainly characterized by loss of neural tissue in the
brainstem. The subject then lost ambulation and
speech, and developed dysphagia. She passed away at 67
from pneumonia. [0079] The woman had had four healthy
deliveries, a healthy life until 50, and had no
incidence of neural disease in her family. Closer
examination of changes in her life around 50 revealed
that around that time the fats in her diet had been
significantly cut back because of the prevalent
doctrine in the 1980s that fats cause heart-disease,
and that all fats are deleterious. Both of the woman's
parents in their early 70s, and a brother at 48, had
died of heart attacks. Hence, the fat reduction was a
precautionary measure to avoid cardiac disease, which
was then believed to have a strong genetic component.
However, it is hypothesized in the present disclosure
that the fats were cut to a point where she became
severely deficient in both omega-6, and omega-3 fatty
acids. The woman was a postmenopausal vegetarian with
high antioxidant and phytochemicals intake, and 



the little fat that was in her diet was either
saturated fat (less than 20% of total fat) or
monounsaturated fat (70-90% of total fat), mostly
olive oil following the thendoctrine that held olive
oil above all others. Olive oil is 75% monounsaturated
oil and rich in polyphenols. Since all fatty acids
compete for the same enzymes in the metabolic pathway
and antioxidants and phytochemicals increase the
requirement for omega-6, in her case the deficiency of
omega-6 acid appears to be the culprit. The deficiency
of omega-6 is also evident from her early symptoms:
muscle mass requires a balance of omega-6 and omega-3,
lack of omega-6-derivative leukotrienes would lead to
asthma-like breathing issues (conversely excessive
leukotrienes can also lead to asthma like symptoms),
deficiency of omega-3 has been linked with arrhythmia,
and deficiency of omega-6 derived thromboxanes would
lead to easy bruising, and lack of omega-6 derived
prostaglandins will impede smooth muscle activity and
therefore the bowel movement. The fact that she was
post-menopausal made the requirement of omega-6 and
omega-3 more critical, since estrogen and androgens,
as hypothesized in the present disclosure, have
similar actions and benefits as polyunsaturated fats.
When the reproductive hormones decline, the body
increasingly depends on omega-6 and omega-3 for the
physiological functions. [0080] It is an embodiment of
the present disclosure, that deficiency of linoleic
acid (LA) metabolite Arachidonic acid (AA) and
alpha-linolenic acid (ALA) metabolite docosahexaenoic
acid (DHA), that are so abundantly present in neural
tissue, particularly the membranes of neural synapses,
may have caused the neurodgeneration.
Neuroinflammation is a host defense mechanism
associated with neutralization of an insult and
restoration of normal structure and function of brain,
and is characteristic of all major neural diseases.
The dietary deficiency of LA and ALA, and the
resulting unfavorable tissue ratio of AA to DHA might
have affected the neurodegeneration associated with
acute neural trauma and neurodegenerative disease.
[0081] It is important to note that not all omega-6 or
omega-3 deficiencies or imbalance lead to PSP. It
simply creates a distress in the body; the disease
developed depends on rest of the body chemistry. In
the Western world omega-3 has received much attention
because of the populace's consumption was highly
skewed towards omega-6 and that with inadequate
antioxidant and phytochemical intake. Requirement of
omega-3 is very small, and increases only with the
increase in omega-6. Disclosed herein are methods and
compositions to balanceomega-3 and omega-6, in light
of demographic factors, and for their steady delivery.
2. Amyotrophic Lateral Sclerosis [0082] The subject
was a vegetarian woman in her mid-30s, on a low-fat
diet using primarily olive oil and nuts. She had
developed Amyotrophic Lateral Sclerosis (ALS)-like
symptoms: muscle weakness in hands, arms, legs, and
the muscles of speech, twitching and cramping of
muscles, shortness of breath, and difficulty in
swallowing. The left side of her body was affected
more than the right side. Upon administration of a
lipid composition and changes in diet that increased
omega-6 to about 12 grams, her symptoms disappeared
and the muscle tone improved, better than before the
onset of symptoms. It is hypothesized that in this
instance, the amount of omega-3 relative to omega-6 in
the tissue had exceeded the ratio tolerated by the
body. Since the vegetarian diet and nuts contributed
plenty of antioxidants and phytochemicals, the subject
became deficient in omega- 6, despite moderate levels
of omega-3. [0083] The initial symptoms of ALS can be
quite varied in different people. One person may
experience tripping over carpet edges, another person
may have trouble lifting and a third person's early
symptom may be slurred speech. In a small number of
people, ALS is known to remit or halt its progression,
though there is no scientific understanding as to how
and why this happens. The inventor hypothesizes that
it has to do with inadvertent change in omega-6 and
omega-3 fatty acids. Most of us fall into certain food
patterns based on likes and dislikes, habits inherited
from family, accessibility of certain foods, cooking
habits, and the foods that happen to be in vogue. But,
there is always that change in life, a dinner party at
a friend's, food gift from a well-wisher, or a
vacation to a remote locale, or a new oil that one
takes a liking to, which brings about change in diet.
All it takes is a handful of nuts, or a spoonful of
high-omega-6 and/or omega-3 oil to tip the balance,
even if temporarily. However little, it does register
in the body. [0084] Subsequent to the experimental
adjustment of omega-6 and omega-3 levels in other host
subjects the inventor observed, improvement in motor
coordination, handwriting, balance, and body's ability
to follow a rhythm, in dance steps, for
example.Example 15. Case Studies on Musculoskeletal
Disorders 1. Muscular Performance [0085] In a subject
host, the inventor observed many musculoskeletal
issues appear and disappear in the course omega-6 and
omega-3 therapy by administration of lipid
compositions. Increases in omega-3 beyond 0.5g, in a
vegetarian host with omega-6 at 10-1 1 grams, yielded
better muscular performance, lesser joint pain, lesser
joint crackling sounds, and better spatial task
performance. But a point of diminishing marginal
returns was reached at about 1.2 grams of omega-3.
Increases of omega-3 beyond 1.2 grams resulted in
weaker muscle tone, posture, and exercise endurance.
When the omega-3 was gradually brought back to 1.2
grams, the subject experienced leg cramps, lower back
pain, burning sensation in the scalp, buckling of knee
joints, and joint pains in knees and shoulders. Over a
period of 3-6 weeks these symptoms subsided. 2. Gout
[0086] In another subject host, the inventor observed
the development of Gout, a joint disorder, on a
low-fat diet, primarily olive oil, and nuts. The
symptoms disappeared upon increase of omega-6 in the
diet. 



3. Myofascial Pains and Thoracic Outlet Syndrome
[0087] In a 35-year old vegetarian female, on a
low-fat diet using olive oil as the main fat in the
diet, the development of episodes of acute myofascial
pains was observed. The subject experienced severe
muscle tightness in several areas of the body, neck
shoulders, para-spinal muscles, thighs, hands, and
arms. [0088] The host was diagnosed with Myofascial
Pain Syndrome (MFS) and Thoracic Outlet Syndrome
(TOS). TOS consists of a group of distinct disorders
that affect the nerves in the brachial plexus (nerves
that pass into the arms from the neck) and the
subclavian artery and vein blood vessels between the
base of the neck and axilla (armpit). For the most
part, these disorders are produced by compression of
the components of the brachial plexus (the large
cluster of nerves that pass from the neck to the arm),
the subclavian artery, or the subclavian vein.
Neurogenic form of TOS accounts for 95-98% of all
cases of TOS, hence neural disease was suspected. The
host subject went through numerous examinations
including: MRIs of the entire CNS, X-rays, blood work,
drug therapies, massage therapies, and chiropractic
treatment. The symptoms would go away and then
reappear a few months or a year later. After the
inventor optimized the omega-6 and omega3 in the
subject's diet by administration of lipid compositions
the episodes of TOS and myofascial pains subsided. It
is hypothesized herein that these episodes were the
result of the body being severely deficient in omega-6
and omega-3. Each time there was an inadvertent
increase in omega-6 and omega-3, which can occur by
any incidental changes in diet, there was a sudden
surge in prostaglandins, thromboxanes, and
leukotrienes, resulting in severe muscular tightening.
Other mechanisms related to the lipids may be involved
that are not yet understood. [0089] Fatty acids'
relationship with musculoskeletal disorders is very
intricate. There are many studies demonstrating that
arachidonic acid and other polyunsaturated fatty acids
modulate the function of voltage gated calcium,
sodium, and potassium channels, primarily in neural
and muscle cells impacting the excitability of the
cells. Boland LM, Drzewiecki MM. Polyunsaturated Fatty
Acid modulation of voltage-gated ion channels. Cell
Biochem Biophys. 2008;52(2):59-84. Epub 2008 Oct 2. In
some studies changes in muscle fiber type may be
observed with changes in amount and type of fatty
acids de Wilde J, Mohren R, van den Berg S,
Boekschoten M, Dijk KW, de Groot P, Muller M, Mariman
E, Smit E. Shortterm high fat-feeding results in
morphological and metabolic adaptations in the
skeletal muscle of C57BL/6J mice. Physiol Genomics.
2008 Feb 19;32(3):360-9. Epub 2007 Nov 27. On the
skeletal side, bone mass is governed by balanced
action of osteoblasts (bone forming cells) and
osteoclast (bone resorbing cells). There is increasing
evidence that various long-chain polyunsaturated fatty
acids and their metabolites affect calcium balance,
osteoblastogenesis, osteoclastogenesis, and osteoblast
and osteoclast function. Poulsen RC, Moughan PJ,
Kruger MC. Long-chain polyunsaturated fatty acids and
the regulation of bone metabolism. Exp Biol Med
(Maywood). 2007 Nov;232(10): 1275-88. Rahman MM,
Bhattacharya A, Fernandes G. Docosahexaenoic acid is
more potent inhibitor of osteoclast differentiation in
RAW 264.7 cells than eicosapentaenoic acid. J Cell
Physiol. 2008 Jan;214(l):201-9. Example 16. A Case
Study on Thyroid Disturbances [0090] In a host
subject, symptoms of thyroid disturbance with a
decrease in omega-3, fatigue and weakness, cold
intolerance, hair loss, cold hands and feet, weight
gain, insomnia, constipation, depression, poor memory,
forgetfulness, and nervousness were observed.Example
17. A Case Study on Weight Gain, Obesity [0091] In a
vegetarian host subject it was discovered that there
was a band of optimal quantity and ratio of omega-6
and omega-3, beyond which the subject gained weight.
At omega-6 of 11 grams and omega-3 of 2 grams, the
subject was at 134 lbs. When the inventor gradually
reduced omega-3 to 1.2 grams, the subject initially
gained 6 lbs., and then after 6 weeks, lost 12 lbs.
for an ending weight of 128 lbs. Obesity often has
been linked to slow metabolism. In turn, metabolic
rate has been linked to cell-membrane composition.
Hulbert AJ. Membrane fatty acids as pacemakers of
animal metabolism. Lipids. 2007 Sep;42(9):811-9. Epub
2007 Apr 27. High polyunsaturated membrane composition
may be linked with fast membrane associated processes.
Membrane composition influences all aspects of the
energy balance equation: electrolyte gradient balance,
neuropeptide regulation, gene regulation and glucose
regulation. Example 18. A Case Study on Diabetes
[0092] Varying quantities and ratios of omega-6 and
omega-3 were administered on otherwise healthy
subjects to see if very early symptoms of diabetes
could be induced. High blood sugar, excessive urine
production, excessive thirst and increased fluid
intake, blurred vision, unexplained weight gain and
lethargy were induced by certain ratios of omega-6 and
omega-3 fatty acids. These simulated symptoms with
very high levels of omega-3 may also be reversed by
reducing the dosage. In one instance, insulin
resistance may be associated with low levels of
omega-6 fatty acids. Summers LK, Fielding BA, Bradshaw
HA, IHc V, Beysen C, Clark ML, Moore NR, Frayn KN.
Substituting dietary saturated fat with
polyunsaturated fat changes abdominal fat distribution
and improves insulin sensitivity. Diabetologia. 2002
Mar;45(3):369-77. Example 19. A Case Study on
Digestive System Disorders [0093] In the host subject,
incidences of acid reflux disease, irritable bowels,
indigestion, and dyspepsia were observed. Each time
omega-6 was increased or omega-3 was decreased the
following symptoms appeared: stomach pain, bloating,
heartburn, nausea (upset stomach), and burping; but
they all disappeared as the body adjusted to increased
omega-6. Omega-6 was tested up to 11 grams. It is
hypothesized that beyond that point in the particular
host the symptoms would persist. Increasing omega-3
beyond 2 grams caused tight dark pellet-like stools.
In the optimal 



omega-6 and omega-3 balance, bile production was
optimal as determined by theyellowish brown color of
the stools. It was also observed that mucus production
in the alimentary canal was optimal with the proper
omega-6 and omega-3 quantities and ratio, using mucus
production in the oral cavity as an indicator.
Halitosis was also observed with 2 grams of omega-3,
and got worse when omega-3 was reduced, and then
normalized over a period of 3-6 weeks. Arachidonic
acid plays a pivotal role in protection and integrity
of the intestinal mucosa. Excessive omega-3 can
displace arachidonic acid leading to gastro intestinal
mucosal damage. Example 20. A Case Study on Ovulation,
Reproductive Disorders [0094] In a host subject, a
35-year old female, cessation of ovulation (as
indicated by watery pale menstrual cycles), intense
ovulation-related pains and anovulatry menstruation at
extremely low omega-6 in diet were observed; olive oil
being the main fat source. It is hypothesized herein
that this was due to deficiency of omega-6 derived
prostaglandins, which aid ovulation. The same
phenomenon was observed when the subject was put on
Advil, which blocks cyclooxygenase activity and
therefore the prostaglandin synthesis. [0095] Dietary
fatty acids are intricately linked with reproduction
from menstruation, to fertilization, to
gestation-related complications such as diabetes, to
development of the fetus, to pre-term delivery, to
post-natal health of the mother and the child. Example
21. Case Studies on Aging, Tissue Repair [0096] In
host subjects, symptoms of aging were modulated by
balancing and optimizing omega-6 and omega-3 fatty
acids including muscle mass restoration, stabilizing
sleep, increasing mental sharpness, increasing energy
and vigor, improved skin, reduction in hair loss,
improving bowel function, improving libido and sexual
function, and weight management. The management of
frequent urination with the ideal balance of omega-6
and omega-3 was also observed. It is hypothesized that
this is due to combined effect of management of
omega-6 and omega-3 related eicosanoids and their
effect on physiological functions, and due to the
sexhormone- like effect of these lipids, and due to
their effect on the optimization of sex hormone
production. [0097] The present disclosure also
provides compositions and methods for tissue repair
and/or regeneration by induction and maintenance of
endogenous stem cell proliferation and/or
differentiation including by providing the environment
for the stem cells to proliferation and/or
differentiate. The fibroblast is a type of cell
thatsynthesizes the extra-cellular matrix and
collagen, the structural framework for animal tissues.
Proper fibroblast function is essential for optimal
tissue repair and regeneration. Polyunsaturated fatty
acids and sterols create a favorable fibroblast plasma
membrane environment, and are believed to play a role
in electrochemical gradient across the bilayer-lipid
membrane. Schroeder F, Kier AB, Sweet WD. Role of
polyunsaturated fatty acids and lipid peroxidation in
LM fibroblast plasma membrane transbilayer structure.
Arch Biochem Biophys. 1990 Jan;276(l):55-64. Haines
TH. Do sterols reduce proton and sodium leaks through
lipid bilayers? Prog Lipid Res. 2001 Jul;
40(4):299-324. Intestinal cells and bone marrow cells
offer examples of adult stem cells for their abundance
and their role in the continuous, lifelong,
physiological replenishment of circulating cells.
Example 22. A Case Study on Pulmonary Disorders [0098]
In a host subject, an increase of omega-6 or a
decrease of omega- 3 was associated with breathing
difficulty, nasal congestion, ear ache, sneezing, and
excess mucus. But within the optimal ranges of omega-6
and omega-3, it was self-adjusting over a period of
time. A low-fat diet, primarily monounsaturated fats,
a total essential fatty acid (EFA) supplement of 1
gram, and a fish oil supplement caused dyspnea in the
host subject. The dyspnea disappeared when
supplemented with 10-1 1 grams of omega-6. It is
concluded that the EFA supplement was not adequately
producing the required leukotrienes. Omega-6 and
omega-3 -derived leukotrienes are very important
agents in lung function. They help bring the needed
cells to the tissue, and they increase vascular
permeability. In excess they can cause airflow
obstruction, increased secretion and accumulation of
mucus, bronchial constriction, and inflammation. The
self-adjustment indicates that sudden and wide changes
may upset the immune system. Further studies may find
a link with susceptibility to common colds and
influenza with sudden and wide changes in omega-6 and
omega-3. Example 23. A Case Study on Ophthalmologic
Disorders [0099] In a host subject, dry eye and
pressure-like ache in the eye was observed upon
reduction of omega-3 and an increase of omega-6. When
levels of omega-6 and omega-3 were kept within
suitable ranges by demographic type, the symptoms
disappeared over time. It was also observed that
drusen, excessive eye mucus that often gathers in the
corners of the eyes, could be gotten rid of with
proper omega- 6 and omega-3 balance. However, when
omega-6 or omega-3 were excessivelyincreased the dry
eye syndrome persisted. Excessive omega-3 also
resulted in very thin blood-thromboxanes action
reduction-and therefore caused blood shot eyes.
[00100] Docosahexaenoic acid (omega-3) is an important
component of retinal photoreceptors and brain synaptic
membranes, and arachidonic acid (omega-6) is an
important component of vascular endothelial cells.
Moreover, since omega-6 also has a role in vascular
blood pressure, both omega-6 and omega-3 are critical
to optic health. Although omega-3, and formulations of
vitamins C, E, betacarotene, and zinc have been shown
to be preventative in progression of agerelated
macular degeneration (AMD); increased intakes of
lutein/ xeaxanthin and omega-3 fatty acids are
associated with progression of AMD, whereas lower
intakes lutein/ xeaxanthin and omega-3 are associated
with greater optic health; suggesting the role of
phytochemicals, and the importance of dosage. Robman
L, Vu H, Hodge A, Tikellis G, Dimitrov P, McCarty C,
Guymer R. Dietary lutein, zeaxanthin, and fats and the
progression of age-related macular degeneration. Can 



J Ophthalmol. 2007 Oct;42(5):720-6. Example 24. Case
Studies on Dermatological Disorders [00101] Host
subjects demonstrated large amounts of omega-3 in the
diet increased the size of the skin pores, whereas
large amounts of omega-6 in the diet made skin dry.
Balancing the two gave the best results. Fine lines
may be reduced using the correct balance. Omega-6
reduction, at times, may be associated with the
appearance of a rash around the neck area. It is
hypothesized that a sudden increase in cytokine
activity from an increase in omega-6 produced the skin
rash. Brittle nails and foot corns and calluses
disappear with the proper balance of fatty acids.
Sloughing of skin, as in dead cells coming to the
surface after omega-3 reduction, was also observed.
[00102] Skin displays highly active metabolism of
polyunsaturated fatty acids. Deficiency of dietary
omega-6, linoleic acid results in scaly dermatoses and
disruption of the skin barrier system , Linoleic acid
intake combined with high intakes of vitamin C are
associated with better skin-aging appearance. Dietary
hempseed oil has been shown to cause significant
changes in plasma fatty acid profiles and improved
clinical symptoms of atopic dermatitis, which may be
due to the abundant supply of both omega-6 and omega-3
fats in hempseed oil. Ziboh VA. Prostaglandins,
leukotrienes, and hydroxy fatty acids in epidermis.
SeminDermatol. 1992 Jun;l 1(2): 114-20. Ziboh VA, Cho
Y, Mani I, Xi S. Biological significance of essential
fatty acids/ prostanoids/ lipoxygenase-derived
monohydroxy fatty acids in the skin. Arch Pharm Res.
2002 Dec;25(6):747-58. Cosgrove MC, Franco OH, Granger
SP, Murray PG, Mayes AE. Dietary nutrient intakes and
skin-aging appearance among middle-aged American
women. Am J ClinNutr. 2008 Aug;88(2):480. Example 25.
Case Studies on Sleep Disorders [00103] It was
observed that use of optimized levels of omega-6 and
omega-3 by demographic type, more restful sleep may be
achieved, and normalization of sleep and wake hours in
host subjects. In fact, a more restful sleep with a
sleep time reduction to 7 hours from 8 in one host
subject, over time was observed. Restless leg syndrome
may also be relieved in host subjects. Each time
omega-6 and omega-3 amounts were changed the host went
through an adjustment period. Omega-3 was more sleep
inducing and omega-6 was more awakening, to the point
of causing temporary insomnia. It is hypothesized this
is because of the effect of omega-6 and omega-3 fatty
acids on thyroid function and the effect of thyroid
function on sleep, among other mechanisms. [00104]
Omega-6 metabolite PGD2 is believed to be a strong
sleep-inducing agent, with a strong rebound of
wakefulness reaching insomnia. In other studies omega-
3-deficient diet has been shown to lessen the pineal
melatonin rhythm, weaken the endogenous functioning of
the circadian clock, and to play a role in nocturnal
sleep disturbances. Among other fatty acids,
palmitoleic and oleic acid have been shown to be
important for sleep disorders, perhaps due to their
function as precursors of the sleep inducing oleamide.
Example 26. A Case Study on Dental Diseases [00105] In
a vegetarian host subject, less dental sensitivity,
reversal of gum receding, brightening of tooth enamel,
and lessening of dental spots and plaque were observed
when omega-3 was reduced from 2 grams to 1.2 grams
while holding omega-6 constant at 11 grams. Lipid
compositions comprising nuts and oils were the source
of omega-6 and omega-3 fatty acids. There was an
adjustment period of 3-6 weeks, when the symptoms got
worse in the host subjects before getting better.
Longer-term intervention studies should be able to
test a hypothesis by studying tooth loss during the
intervention period. Bioactivityof lipids may explain
the linkage between periodontitis/tooth loss and
coronary heart disease. Example 27. Case Studies on
Immunity, Autoimmune and Infectious and Inflammatory
Diseases [00106] In a vegetarian host subject, a
48-year old menopausal woman, on 1Ig of linoleic acid
(LA) and 1.8g of alpha-linolenic acid (ALA), from oils
and nuts, spinal burning sensation, heat in the body,
skin and feet, and delayed wound healing were
observed. The subject also developed vaginal yeast
infection. Symptoms disappeared upon reducing to 1.2g
after an initial adjustment period. It is hypothesized
that omega-6 and omega-3 imbalance leads to
inflammation, compromised immunity, and infection. It
is further suspected that both omega-6 and omega-3 are
anti-inflammatory in small doses and inflammatory in
large doses; particularly in light of possible
interactions with phytochemicals. [00107] It is
understood that the total percent by weight of any
combination of components does not exceed 100%. It is
also understood that if a component is present in a
composition, then the component is present in a
non-zero amount (for example, more than about
0.00000001) mg or percent by weight of total weight).
[00108] The amounts and ratios of various nuts, seeds,
lipids, and oil, to name a few, of the present
embodiments were discovered to be beneficial,
including by links to benefits for various diseases
and conditions, as set forth above, empirically by
outcome focused experimentation. The above recited
examples, case studies, links with particular medical
conditions, and the like are not meant to limit the
present disclosure, but merely to explain the
disclosure by way of example. [00109] While some
embodiments of the present disclosure have been shown
and described herein, it will be obvious to those
skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes,
and substitutions will now occur to those skilled in
the art without departing from the disclosure. It
should be understood that various alternatives to the
embodiments of the disclosure described herein may be
employed in practicing the disclosure. It is intended
that the following claims define the scope 



of the disclosure and that methods and structures
within the scope of these claims and their equivalents
be covered thereby.WHAT IS CLAIMED IS: 1. A
lipid-containing composition comprising daily optimal
amounts of fatty acids and phytochemicals for a
mammalian subject based on one or more factors
selected from the following group: age of the subject,
sex of the subject, diet of the subject, the body
weight of the subject, medical conditions of the
subject, and climate of the subject's living area. 2.
The composition of claim 1, wherein said composition
is administered to the subject by steady delivery. 3.
The composition of claim 1, wherein such composition
further comprises omega-6 and omega-3 fatty acids and
wherein the ratio of omega-6 to omega-3 fatty acids
and their amounts are controlled based on one or more
factors selected from said group. 4. The composition
of claim 3, wherein said ratio of omega-6 to omega-3
fatty acid is in the range of 4 :1 to 45:1. 5. The
composition of claim 3, wherein said ratio of omega-6
to omega-3 fatty acid is in the range of 1:1 to 10: 1
and said subject has a diet of low anti-oxidants
and/or low phytochemicals. 6. The composition of claim
3, further comprising one or more omega-9 fatty acids
wherein the ratio of omega-9 to omega-6 fatty acids is
also determined based on one or more factors selected
from said group. 7. The composition of claim 6,
wherein said ratio of omega-9 to omega-6 is in the
range of 1:1 to 5 :1; said ratio of omega-6 to omega-3
is in the range of 1:1 to 45:1; and said medical
condition is associated with a form of lipid
imbalance. 8. The composition of claim 6, wherein said
omega-9 fatty acid is in the range of 10% to 80% of
total lipids in the composition; said omega-6 fatty
acid is in the range of 4% to 60% of total lipids in
the composition; andsaid omega-3 fatty acid is in the
range of 0.3% to 20% of total lipids in the
composition. 9. The composition of claim 1, wherein
the fatty acid components of the composition is
achieved at least in part by using one or more of the
following concentrated lipid sources: oils, butters,
nuts, and seeds. 10. The composition of claim 1,
wherein said group further includes lipid tolerance of
said subject. 11. The composition of claim 1, which is
used as a dietary component. 12. The composition of
claim 6, wherein said omega-9 is in the range of 15%
to 80% of total lipids in the composition and wherein
said omega-6 is in the range of 8% to 60% of total
lipids in the composition and omega-3 in the range of
0.3% to 12% of total lipids in the composition. 13.
The composition of claim 12, further comprising: a
vitamin E wherein an amount of the vitamin E is in the
range of 0.001% to 0.2% of total lipids in the
composition. 14. The composition of claim 6, said
subject being an omnivorous human, or a human with low
antioxidant and/or low phytochemical diet, said
omega-9 lipids being in the range of 15% to 80% of
total lipids in the composition, wherein said omega-6
are in the range of 6% to 53% of total lipids in the
composition and said omega-3 lipids are in the range
of 1% to 18% of total lipids in the composition. 15.
The composition of claim 14, further comprising: a
vitamin E in the range of 0.005% to 0.2% of total
lipids in the composition. 16. A lipid-containing
composition comprising polyunsaturated,
monounsaturated, and saturated fatty acids, wherein
the ratios and amounts of said three fatty acid types
are controlled based on one or more of the following
factors for a mammalian subject: age, sex, climate,
body weight, diet, and medical conditions.17. The
composition of claim 16, wherein additional nutrients
are also controlled based on one or more of said
factors and wherein said additional nutrients are one
or more components selected from the following group:
phytochemicals, antioxidants, vitamins, and minerals.
18. A method of creating a balanced diet plans, using
the composition of claim 16. 19. The method of claim
17, wherein lipid-free or low-lipid foods are designed
for use in combination with said lipid composition to
achieve a balanced diet plan. 20. The composition of
claim 16, wherein the ratio of a total fatty acid
content to monounsaturated content in the composition
is in the range of 1.25:1 to 4:1; wherein the ratio of
monounsaturated to polyunsaturated fatty acids in the
composition is in the range of 1:1 to 3:1; and wherein
the ratio of monounsaturated fatty acids to saturated
fatty acids in the composition is in the range of 1:1
to 5 :1. 21. The composition of claim 16, comprising
one or more of the following components: peanut oil,
vegetable oil, avocado oil, olive oil, sunflower oil,
safflower oil. 22. The composition of claim 16,
further comprising one or more of the following
components: mustard oil, palm oil, and soybean
lecithin. 23. The composition of claim 16, comprising
three or more of the following components: a peanut
oil present at 8 to 56 percent by weight in said
composition; a vegetable oil present at 8 to 46
percent by weight in said composition; an avocado oil
present at 3 to 16 percent by weight in said
composition; an olive oil present at 5 to 32 percent
by weight in said composition; a sunflower oil present
at 6 to 34 percent by weight in said composition; and 



a safflower oil present at 2 to 30 percent by weight
in said composition. 24. The composition of claim 16,
wherein said controlled fatty acid components come
from one or more of the following nuts and seeds:
peanuts, almonds, olives,soybeans, cashews,
pistachios, pumpkin seeds, sunflower seeds, walnuts,
coconut meat. 25. The composition of claim 16, wherein
said controlled fatty acid components further come
from anhydrous butter. 26. A lipid-containing
composition suitable for administration to a mammalian
subject, the lipid composition comprising three or
more of the following components: peanuts present at 2
to 11percent by weight in said composition; almonds
present at 5 to 32 percent by weight in said
composition; olives present at 6 to 36 percent by
weight in said composition; soybeans present at 4 to
25 percent by weight in said composition; cashews
present at 4 to 21percent by weight in said
composition; pistachios present at 2 to 9 percent by
weight in said composition; pumpkin seeds present at 2
to 15 percent by weight in said composition; sunflower
seeds present at 1to 4 percent by weight in said
composition; walnuts present at 3 to 25 percent by
weight in said composition; anhydrous butter present
at 4 to 24 percent by weight in said composition; and
coconut meat present at 1 to 6 percent by weight in
said composition. 27. A lipid-containing composition
suitable for administration to a mammalian subject,
the lipid composition comprising three or more of the
following components: an almond oil present at 2 to 23
percent by weight in said composition; an avocado oil
present at 1to 7 percent by weight in said
composition; a soybean oil present at 1to 7 percent by
weight in said composition; a cashew oil present at 2
to 15 percent by weight in said composition; a
pistachio oil present at 1to 7 percent by weight in
said composition; a pumpkin seed oil present at 1to 8
percent by weight in said composition; a walnut oil
present at 3 to 25 percent by weight in said
composition; a peanut oil present at 5 to 30 percent
by weight in said composition; a corn oil present at 3
to 19 percent by weight in said composition; an olive
oil present at 3 to 17 percent by weight in said
composition;a safflower oil present at 1 to 14 percent
by weight in said composition; and an anhydrous butter
oil present at 5 to 29 percent by weight in said
composition. 28. A method of prophylaxis or treatment
of a medical condition for a mammalian subject, said
method comprising administering a therapeutically
effective amount of the composition of claim 16 to
said subject, wherein said medical condition is linked
with a lipid imbalance in said mammalian subject. 29.
The method of claim 28, wherein said medical condition
is selected from the group consisting of: a symptom of
menopause, a cardiovascular disease, a mental
disorder, a neural disorder, a musculoskeletal
disorder, an endocrine disorder, a cancer, a digestive
system disorder, a symptom of aging, a viral
infection, a bacterial infection, obesity, overweight,
a renal disease, a pulmonary disorder, an
ophthalmologic disorder, a dermatological disorder, a
sleep disorder, a dental disease, an immune system
disease, and an autoimmunity. 30. A lipid composition
suitable for administration to a mammalian subject,
the lipid composition comprising three or more of the
following components: an almond oil present at 1 to 36
percent by weight in said composition; a pumpkin seed
oil present at 1 to 24 percent by weight in said
composition; an oil from walnuts present at 2 to 36
percent by weight in said composition; a peanut oil
present at 4 to 72 percent by weight in said
composition; a corn oil present at 1 to 24 percent by
weight in said composition; an olive oil present at 2
to 36 percent by weight in said composition; a
sunflower oil present at 4 to 72 percent by weight in
said composition; a safflower oil present at 2 to 60
percent by weight in said composition; and an
anhydrous butter oil present at 2 to 36 percent by
weight in said composition. 31. The lipid composition
of claim 30, further comprising one or more of the
following: a mustard oil present at 8 percent or less
by weight in said composition, a flaxseed oil present
at 8 percent or less by weight in said composition, a
palm oil present at 2 percent or less by weight in
said composition, a coconut oil present at8 percent or
less by weight in said composition, and a soybean
lecithin present at 4 percent or less by weight in
said composition. 32. A lipid-containing composition
suitable for administration to a mammalian subject
wherein the lipid components are controlled based on
the seasonal climate of the subject's living area. 33.
The composition of claim 32, wherein said seasonal
climate has a daytime high temperature range and said
composition has corresponding lipid components
selected from the groups A through G listed below, and
wherein said temperature ranges are in degrees of
Fahrenheit (0F) and said lipid components comprise
three or more components selected from group entitled
"Said Lipid Component Group" below which corresponds
to said daytime high temperature range:(1) a sunflower
oil present at 2 to 53 percent by weight in B 70 to 99
said composition; (2) a peanut oil present at 2 to 53
percent by weight in said composition; (3) an olive
oil present at 2 to 30 percent by weight in said
composition; (4) a safflower oil present at 2 to 53
percent by weight in said composition; 



(5) an anhydrous butter oil present at 2 to 30 percent
by weight in said composition; (6) almonds or an
almond oil present at 1to 49 percent by weight in said
composition; (7) olives present at 2 to 28 percent by
weight in said composition; (8) soybeans or a soybean
oil present at 2 to 34 percent by weight in said
composition; (9) cashews or a cashew oil present at 2
to 31percent by weight in said composition; (10)
pistachios or a pistachio oil present at 1to 20
percent by weight in said composition; (11) pumpkin
seeds or a pumpkin seed oil present at 3 to 46 percent
by weight in said composition; (12) sunflower seeds
present at 1to 15 percent by weight in said
composition; and (13) walnuts or a walnut oil present
at 2 to 28 percent by weight in said composition. C 50
to 75 (1) a sunflower oil present at 1to 37 percent by
weight in said composition; (2) an olive oil present
at 1 to 29 percent by weight in said composition; (3)
a safflower oil present at 1to 29 percent by weight in
said composition; (4) an anhydrous butter oil present
at 1 to 29 percent by weight in said composition; (5)
almonds or an almond oil present at 1to 49 percent by
weight in said composition; (6) peanuts present at 1
to 33 percent by weight in said composition; (7)
almonds present at 2 to 47 percent by weight in said
composition;(8) olives present at 1to 28 percent by
weight in said composition; (9) soybeans or a soybean
oil present at 1to 34 percent by weight in said
composition; (10) cashews or a cashew oil present at
1to 20 percent by weight in said composition; (11)
pistachios or a pistachio oil present at 1to 17
percent by weight in said composition; (12) pumpkin
seeds or a pumpkin seed oil present at 2 to 45 percent
by weight in said composition; and (13) walnuts or a
walnut oil present at 1to 27 percent by weight in said
composition. (1) a sunflower oil present at 2 to 30
percent by weight in 33 to 55 said composition; (2) an
olive oil present at 2 to 30 percent by weight in said
composition; (3) a safflower oil present at 2 to 30
percent by weight in said composition; (4) an
anhydrous butter oil present at 2 to 28 percent by
weight in said composition; (5) almonds or an almond
oil present at 1to 46 percent by weight in said
composition; (6) peanuts present at 2 to 38 percent by
weight in said composition; (7) olives present at 2 to
27 percent by weight in said composition; (8) soybeans
or a soybean oil present at 2 to 33 percent by weight
in said composition; (9) cashews or a cashew oil
present at 1 to 18 percent by weight in said
composition; (10) pistachios or a pistachio oil
present at 1to 15 percent by weight in said
composition; (11) pumpkin seeds or a pumpkin seed oil
present at 3 to 43 percent by weight in said
composition; (12) sunflower seeds or a sunflower seed
oil present at 1 to 10 percent by weight in said
composition; and (13) walnuts or a walnut oil present
at 2 to 26 percent by weight in said composition. Oto
37 (1) a sunflower oil present at 2 to 30 percent by
weight in said composition; (2) a corn oil present at
2 to 30 percent by weight in saidLIPID-CONTAINING
COMPOSITIONS AND METHODS OF USE THEREOF
CROSS-REFERENCE TO RELATED APPLICATION [0001] This
application claims priority to U.S. Patent Application
Ser. No. 61/046,747 filed on April 21. 2008, U.S.
Patent Application Ser. No. 61/075,708 filed on June
25, 2008, and U.S. Patent Application Ser. No. 61/1
11,593 filed on November 5, 2008, all of which are
incorporated by reference herein in its entirety for
all purposes. BACKGROUND [0002] Fatty acids play
important physiological functions. They are the
building blocks of phospholipids and glycolipids,
crucial components of cell membranes. Fatty acids are
the best 



biological fuel molecules, capable of yielding more
than twice as much energy per gram as produced by
carbohydrate or protein. Fatty acids directly affect
the functions of many proteins through covalent
modifications of such proteins. Fatty acids affect
membrane fluidity and associated cellular processes.
Fatty acids are also involved in gene regulation.
Fatty acids' derivatives are also important hormones
and biological messengers, e.g., prostaglandins,
thromboxanes, leukotrienes, lipoxins, and resolvins.
These hormones and messengers affect a broad range of
physiological functions such as vasal dilation,
platelets aggregation, pain modulation, inflammation,
and cell growth. [0003] The human and animal bodies
synthesize many kinds of fatty acids of various length
of the carbon chain, with various numbers and
locations of double bonds. The addition of double
bonds into a fatty acid chain converts it into an
unsaturated fatty acid, which play significant roles
in physiological functions. One way of tracking the
location of the double bond in an unsaturated fatty
acid molecule is by its distance from the distal
carbon, i.e., the omega-carbon. For example, the
18-carbon oleic acid, which has a double bond at the
9th carbon from the omega position, is called omega-9
fatty acid. Table 1 below describes various
unsaturated fatty acid groups named according to their
double bond locations relative to the omega position:
Table 1. General Descri tions of Some Fatt Acids[0004]
As shown in the table above, Linoleic acid (LA) and
Alpha-linolenic Acid (ALA) are the precursors for all
omega-6 and omega-3 fatty acids. It is well
established that LA and ALA are "essential" fatty
acids. They must be supplied in the diet because the
human and other mammalians cannot synthesize them from
other sources. Dietary deficiency or excess of the two
essential fatty acids may cause many illnesses. It is
also well known that LA and ALA share the same
metabolic pathways, and that the excess of one can
increase the need for, or create a deficiency of, the
other. Along with LA and ALA, certain other fatty
acids, such as Oleic acid and certain saturated fatty
acids are also considered important for human
nutrition even though the body can make them. The
latest science also shows evidence that non essential
fatty acids though beneficial in optimal quantities,
can interfere with the activity and metabolism of
essential fatty acids when in excess, and that the
quantity of dietary fat can also influence the
metabolism of fatty acids. ALA is known to be
preferentially metabolized by the human body depending
on the amount of the other fatty acids present in the
diet. [0005] Evidence also shows that antioxidants,
phytochemicals, microorganisms, vitamins and minerals,
other dietary factors including proteins and
carbohydrates, and hormones and genes also play a role
in metabolism of essential fatty acids. Furthermore,
human studies have identified that males and females
appear to differ in their ability to metabolize
essential fatty acids. It has been suggested that sex
hormones play a role in these differences. Molecules
of polyunsaturated fatty acids have a zigzag-like
structure because of the double bonds. Because they
are flexible and do not pack tightly, they stay fluid
even at cold temperatures and collectively lend
flexibility to tissues. Hence, in colder climates the
human body benefits from greater amounts of
polyunsaturated fatty acids. However, greater the
number of double bonds in a lipid molecule, greater
the susceptibility to per-oxidation, which may be
associated with a number of diseases and may
accelerate aging. This is another reason for cautious
consumption of polyunsaturated fatty acids. [0006]
Numerous studies provide evidence for the prophylaxis
and treatment of medical conditions using
supplementation with omega-3 fatty acids and
recommendations to reduce omega-6 fatty acids
consumption. The medical conditions implicated include
menopause, cardiovascular diseases, mental disorders,
neural disorders, musculoskeletal disorders,endocrine
disorders, cancer, digestive system disorders,
symptoms of aging, viral infections, bacterial
infections, obesity, overweight, renal diseases,
pulmonary disorders, ophthalmologic disorders,
dermatological disorders, sleep disorders, dental
diseases, and the diseases of the immune system
including autoimmunity. For example, U.S. Patent No.
5,780,451 taught lipid formulations for patients with
ulcerative colitis, which include omega-3, omega-6,
and omega- 9 fatty acids. The omega-3 fatty acids
content in these lipid formulations was significantly
high. Similarly, a recently published U.S. patent
application, US2008/0039525, disclosed lipid
compositions used for diabetic patients, which
contained omega-3, omega-6, and omega-9 fatty acids,
with the specific ratio of omega-6 to omega-3 being
between 0.25:1 to 3:1. [0007J The traditional emphasis
on increasing omega-3 fatty acids and reducing omega-6
fatty acids consumption often does not result in
satisfactory relieves because of the uncertainties
introduced by dietary and demographic factors.
Accordingly, improved methods and treatments, using
improved lipid compositions, for the medical
conditions and for prophylaxis are still needed. In
fact, on January 26, 2009, for the first time the
American Heart Association issued an advisory to
correct the perception that omega-6 fatty acids are
unhealthy
(http://americanheart.mediaroom.com/index.php?s=43&ite
m=650). The current methodologies are confusing for
the consumers, hence lead to over consumption or under
consumption of critical nutrients with major health
consequences. BRIEF SUMMARY [0008] The present
disclosure relates to compositions and methods for
prophylaxis and/or treatment of medical conditions
linked with an imbalance in one or more lipids within
context of other factors. More particularly, the
present disclosure relates to the use of compositions
- and methods that use more advantageous sources of
omega-6 fatty acids, in the presence of nutritionally
adequate omega-3 fatty acids. The disclosure also
relates to methods and compositions that deliver
omega-6 and omega-3 fatty acids along with other
nutrients that optimize the daily delivery and
bioavailability of omega-6 and omega-3 for prophylaxis
and/or treatment of medical conditions linked with an
imbalance in one or more lipids. This disclosure also
relates to methods of steady delivery of the bioactive
substances, daily, weekly, monthly or longer duration
wide and sudden fluctuations of which may be harmful.
Furthermore, this disclosure also relates to methods
of daily delivery of essential fatty acids within the
optimal range with respect to the
recommendations.[0009| One general embodiment of the
present disclosure is a lipid-containing composition
comprising optimal amounts of fatty acids,
antioxidants minerals, and phytochemicals for a
mammalian subject based on one or more factors
selected from the group including the subject's age,
sex, diet, bodyweight, physical activity, medical
conditions, and the climate of the subject's living
area. Such composition is administered to a subject
through a steady delivery process, as explained later,
according to one embodiment of the disclosure. 



According to another embodiment of the disclosure, the
fatty acid, antioxidant, mineral, and phytochemical
components of the composition's lipid contents are
achieved at least in part by using one or more of the
following concentrated lipid sources: oils, butters,
nuts, and seeds. (0010] Another embodiment of the
disclosure is a lipid-containing composition
comprising polyunsaturated, monounsaturated, and
saturated fatty acids, wherein the ratios and amounts
of said three fatty acid types are controlled based on
one or more of the following factors for a mammalian
subject: age, sex, climate, body weight, physical
activity, diet, and medical conditions. [0011] Another
aspect of the present disclosure is a specific lipid
composition suitable for administration to a mammalian
subject. One embodiment of such composition comprises
three or more of the following substances (or the oil
thereof) in certain defined concentrations: peanuts,
almonds, olives, soybeans, cashews, flaxseeds,
pistachios, pumpkin seeds, sunflower seeds, sesame
seeds, walnuts, anhydrous butter oil, and coconut
meat. Another example of such composition comprises a
safflower oil, sunflower oil, peanut oil, almond oil,
corn oil, and anhydrous butter oil. [0012] Another
aspect of the present disclosure is directed at
methods of prophylaxis or treatment of a medical
condition for a mammalian subject, said method
comprising administering a therapeutically effective
amount of balanced lipid formula to said subject,
preferably replacing the unbalanced fats typically
added to foods in form of oils, butters, nuts and
seeds and the like. [0013] Yet another aspect of the
present disclosure is directed at methods of creating
lipid and other nutrients-balanced diet by combining
special formulated lipid composition with lipid-free
or low-lipid food.DETAILED DESCRIPTION (0014) As used
herein, "prophylaxis" refers to the preservation of
health, a preventive treatment, or a treatment meant
to reduce the risk of a medical condition. [0015] As
used herein, the term "treatment" in the context of a
medical condition refers to the management of the
condition and may or may not involve the complete
amelioration of the condition. [0016] As used herein,
"medical condition" is a disease, disorder, syndrome,
and the like; or a symptom thereof. [0017] As used
herein a "lipid imbalance" refers to a
suboptimal/undesirable lipid profile in blood or other
tissue of a mammal, or a deficiency or excess of one
or more lipids as compared with a medical norm or as
indicated by the manifestation of a disorder. It is
understood that the body's defense mechanisms (such as
storage of essential fatty acids among others) can
help compensate for a deficiency or excess of a
particular fatty acid to a limited extent. [0018] As
used herein a "therapeutically effective amount" is an
amount of a composition that results in the
prophylaxis and/or treatment of a medical condition or
symptom of a medical condition. In some embodiments,
the adverse level of a biomarker or the severity of a
symptom of the medical condition is abated at least
10% or more, at least 25% or more, at least 50% or
more, at least 75% or more, or 100% ameliorated.
[0019] As used herein the phrase "adequate amount of
omega-3 fatty acids" refers to a minimum of dietary
reference intake (DRI) levels of omega-3 fatty acids
per day from foods, supplements, and/or the lipid
compositions. [0020] A "therapeutic effect," as that
term is used herein, encompasses a therapeutic benefit
and/or a prophylactic benefit. By therapeutic benefit
is meant eradication or amelioration of the underlying
disorder being treated. Also, a therapeutic benefit
may be achieved with the eradication or amelioration
of one or more of the physiological symptoms
associated with the underlying disorder such that an
improvement may be observed in the patient,
notwithstanding that the patient may still be
afflicted with the underlying disorder. For
prophylactic benefit, the compositions may be
administered to a patient/individual at risk of
developing a particulardisease, or to a patient/person
reporting one or more of the physiological symptoms of
a disease, even though a diagnosis of this disease may
not have been made. A prophylactic effect includes
delaying or eliminating the appearance of a disease or
condition, delaying or eliminating the onset of
symptoms of a disease or condition, slowing, halting,
or reversing the progression of a disease or
condition, or any combination thereof. Lipid
Formulations [0021] In one aspect, the present
disclosure incorporates relatively high ratio of
omega-6 to omega-3 fatty acids, while maintaining
optimal daily delivery of both omega-6 and omega-3
fatty acids. One reason for maintaining the high ratio
is because of the incorporation of nuts, seeds, and
nut oils as integral components of a formulation,
which nuts, seeds, and nut oils have high
antioxidants, mineral, and phytochemical content and
other properties that may render excessive omega-3
unnecessary. In some instances, excessive omega-3
(which have 3 to 6 double bonds) may be associated
with per-oxidative stress. Certain embodiments of the
present disclosure may favor in-vivo formation of
Linoleic acid metabolites Gamma-linolenic acid (3
double bonds) and Dihomo-gamma-linolenic acid (3
double bonds), which may have dose-dependent
anti-inflammatory properties and other health
benefits. Nuts and seeds may have a narrow therapeutic
window, unfavorable interactions, and other properties
requiring judicious use; therefore the formulations
deliver measured and optimized quantities of nuts and
seeds along with oils. [0022] Certain embodiments of
the present disclosure provide for compositions
comprising supplementation with one or more of the
following: vitamin A, B9 (folic acid), C, D, E;
alkaloids, carotenoids, like beta-carotene, lycopene,
astaxanthin, lutein, zeaxanthin; monophenols;
polyphenols, flavonoids, stilbenes, flavonols such as
quercetin, kaempferol, and resveratrol; flavanones;
flavones; flavan-3-ols such as catechins; anthocyanins
and anthocyanidins; isoflavones; phytoestrogens;
phytotesterols such as campesterol, sitosterol, and
stigmasterol; phenolic acids such as gallic acid,
ellagic acid, and curcumin; hydroxycinnamic acids such
as coumarins; organosulfides; saponins; terpenoids;
lactones; melatonin; lignans; and antioxidants and
phytochemicals in general. In certain embodiments,
each of these supplements/nutrients may reduce/alter
the requirement/tolerance for omega-3 fatty acids and
allow for a higher omega-6 to omega-3 ratio than in
the absence of said supplement(s)/nutrient(s). In
certain embodiments, minerals and trace elements such
as Na, K, Ca, Mg, Fe, Cu, Zn, Mn, and Se may also
alter the metabolism and/or requirements/tolerancefor
omega-6 and omega-3 fatty acids. In certain
embodiments, microorganisms/ probiotics 



may also alter the metabolism and/or
requirements/tolerance for omega-6 and omega-3 fatty
acids. In certain embodiments, each of the above
nutrients is optimized through natural sources such as
oils, butters, nuts, seeds, herbs, sweeteners, and
other foods. Nuts and seeds are plant embryos
containing plant stem cells. They are made to survive
the harshest of the climactic conditions until factors
are suitable for germination. As such, gram per gram,
they are one of the richest sources of natural
nutrients. Almonds are one of the most nutritionally
dense nuts, providing an array of powerful nutrients:
flavonoids, vitamin E, manganese, magnesium, copper,
vitamin B2 and phosphorus, to name a few. The
flavonoids found in nuts, particularly almond skins,
together with the vitamin E found in their meat double
the antioxidants that either delivers separately.
[0023] Nuts and seeds are plant embryos containing
plant stem cells. They are made to survive the
harshest of the climactic conditions until factors are
suitable for germination. As such, gram per gram, they
are one of the richest sources of natural nutrients.
Almonds are one of the most nutritionally dense nuts,
providing an array of powerful nutrients: flavonoids,
vitamin E, manganese, magnesium, copper, vitamin B2
and phosphorus, to name a few. The flavonoids found in
nuts, particularly almond skins, together with the
vitamin E found in their meat double the antioxidants
that either delivers separately. [0024] Walnuts,
pecans and chestnuts have the highest antioxidant
content of the tree nuts, with walnuts delivering more
than 20 mmol antioxidants per 3 ounces, including at
least 16 antioxidant phenols, vitamin E, and ellagic
and gallic acid. Walnuts are also exceptionally high
in their content of the omega-6 fatty acid linoleic
acid and the omega-3 fatty acid alphalinolenic acid.
[0025] Peanuts also contribute significantly to
dietary intake of antioxidants, rivaling the
antioxidant content of blackberries and strawberries,
and are far richer in antioxidants than apples,
carrots or beets. Peanuts are a good source of vitamin
E (gamma- and alphatocopherol), niacin, folate,
proteins, and manganese. Peanuts also contain high
concentrations of phytochemicals polyphenols,
including resveratrol. [0026] Sesame seeds are a very
good source of manganese, copper, calcium, magnesium,
iron, phosphorus, vitamin Bl, zinc and dietary fiber.
In addition to these important nutrients, sesame seeds
contain sesamin and sesamolin, lignans. Sesame seeds
have the highest totalphytosterol content (400-413 mg
per 100 grams) of all nuts and seeds; pistachios and
sunflower seeds are the second richest (270-289 mg/100
g), closely followed by pumpkin seeds (265 mg/100 g).
[0027) A quarter cup of sunflower seeds may provide 3
1.9% of the daily value for magnesium. Sunflower seeds
are also a good source of selenium. Cashews,
flaxseeds, pumpkin seeds, and sesame seeds are a good
source of magnesium. Almonds, cashews, sunflower
seeds, pumpkin seeds, walnuts, and sesame seeds are a
good source of copper. Almonds, flaxseeds, peanuts,
sunflower seeds, pumpkin seeds, and walnuts are a good
source of manganese. Just onequarter cup of almonds
may supply 45.0% of the daily value for manganese, and
20.0% of the daily value for copper. [0028] In one
aspect, the disclosure provides compositions that
include seeds, nuts, and/or oils. In another aspect
the compositions include legumes, dairy, cocoa,
lentils, and/or grains. In one embodiment the
composition can include one or more edible oils,
culinary nuts and/or seeds in their whole form or
their oils such as, but not limited to acai oil,
amaranth oil, apple seed oil, apricot kernel oil,
argan oil, artichoke oil, avocado oil, babassu oil,
ben oil, blackcurrant seed oil, borage seed oil, bomeo
tallow nut oil, bottle gourd oil, buffalo gourd oil,
butter oil (anhydrous), canola oil (rapeseed), cape
chestnut oil, carob pod oil, cocklebur oil, cocoa
butter oil, cohune oil, coriander seed oil, com oil,
cottonseed oil, dika oil, evening primrose oil, false
flax oil (camelina sativa), fish oil (cod liver), fish
oil (herring), fish oil (menhaden), fish oil (salmon),
fish oil (sardine), grapeseed oil, household lard,
kapok seed oil, lallemantia oil, marula oil,
meadowfoam seed oil, mustard oil, nutmeg butter, okra
seed oil, palm oil. papaya seed oil, pequi oil,
perilla oil, prune kernel oil, quinoa oil, ramtil oil,
rice bran oil, royle oil, sacha inchi oil, safflower
oil, sheanut oil, soybean lecithin oil, tea oil,
thistle oil, tomato seed oil, ucuhuba butter oil,
wheat germ oil, acorns, almonds, beech nuts,
brazilnuts, breadnuts, candlenuts, chestnuts,
chilacayote nuts, Chilean hazel nuts, coconuts,
cashews, colocynth nuts, filberts, hazelnut, hickory,
kola nut, macadamia, mamoncillo, melon seeds,
mongongo, obongo nut, olives, peanuts, pecans, pili
nuts, pine nuts, pistachios, soya nuts, poppy seeds,
pumpkin seeds, hemp seeds, flax seeds, sesame seeds,
sunflower seeds, walnuts, and watermelon seeds. [0029]
In some embodiments, the compositions of the present
disclosure include the following optimally balanced
fatty acids and combinations thereof. Saturated fatty
acids: butyric (C4:0), lauric (C12:0), myristic
(C14:0), palmitic (C16:0), stearic (C18:0), and
arachidic (20:0);monounsaturated fatty acids
mypstoleic (C14 1), palmitoleic (C16 1), and omega-9
oleic (C18 1), gadoleic (C20 1), erucic (C22 1), and
nervonic (C24 I), and polyunsaturated fatty acids
omega-6 linoleic (C 18 2), conjugated-linoleic (C 18
2), gamma-hnolenic (C 18 3), eicosadienoic (C20 2),
di-homo-gamma-linolenic (C20 3), and arachidonic (C20
4), and omega-3 alpha-linolenic (C 18 3), steapdonic
(C18 4), eicosapentaenoic (C20 5), docosapentaenoic
(C22 5), and docosahexaenoic (C22 6) fatty acids
(0030) In some embodiments, synergy among
complementing nutrients from different sources may be
incorporated For example, m-vivo oxidation may take
different pathways, use of optimal mix of antioxidants
may be more effective in managing different pathways,
providing for moderate level of oxidation necessary
for physiology Furthermore, using different sources
avoids concentrated delivery of specific antioxidants
and phytochemicals that may be harmful in excess (for
example some phytosterols), since nuts and seeds are
known to have strong positive and negative outcomes In
one embodiment, Ayurvedic principles (ancient Indian
medicine proven empirically over centuries) around the
use of oils, nuts, and seeds may be integrated with
western molecular science to design various
lipid-contaimng compositions [0031] Given below in
Table 2 are some examples of components of oils USDA
website (http //www nal usda
gov/fnic/foodcomp/search/) can be consulted for
detailed components of various oils, nuts and seeds
Table 2. Relevant Components of Dietary
OilsGRAPHOEPITAXIAL SELF-ASSEMBLY OF ARRAYS OF
DOWNWARD FACING HALF-CYLINDERS TECHNICAL FIELD [0001]
Embodiments of the invention relate to methods of
fabricating thin films of 



self-assembling block copolymers, and devices
resulting from those methods. BACKGROUND OF THE
INVENTION [0002] As the development of nanoscale
mechanical, electrical, chemical and biological
devices and systems increases, new processes and
materials are needed to fabricate nanoscale devices
and components. Making electrical contacts to
conductive lines has become a significant challenge as
the dimensions of semiconductor features shrink to
sizes that are not easily accessible by conventional
lithography. Optical lithographic processing methods
have difficulty fabricating structures and features at
the sub-60 nanometer level. The use of self assembling
diblock copolymers presents another route to
patterning at nanoscale dimensions. Diblock copolymer
films spontaneously assemble into periodic structures
by microphase separation of the constituent polymer
blocks after annealing, for example by thermal
annealing above the glass transition temperature of
the polymer or by solvent annealing, forming ordered
domains at nanometer-scale dimensions. [0003] The film
morphology, including the size and shape of the
microphase-separated domains, can be controlled by the
molecular weight and volume fraction of the AB blocks
of a diblock copolymer to produce lamellar,
cylindrical, or spherical morphologies, among others.
For example, for volume fractions at ratios greater
than about 80:20 of the two blocks (AB) of a diblock
polymer, a block copolymer film will microphase
separate and self-assemble into a periodic spherical
domains with spheres of polymer B surrounded by a
matrix of polymer A. For ratios of the two blocks
between about 60:40 and 80:20, the diblock copolymer
assembles into a periodic hexagonal close-packed or
honeycomb array of cylinders of polymer B within a
matrix of polymer A. For ratios between about 50:50
and 60:40, lamellar domains or alternating stripes of
the blocks are formed. Domain size typically ranges
from 5-50 nm. WHD\6426131.1 1 o f 3 3[0004] A
lamellar-phase block copolymer material has been used
for making line features on a substrate. However
cylinders self-assemble more rapidly and corrects
defects faster than lamellae. Researchers have
reported producing lines of upward-facing,
half-cylinders of a minority block of a block
copolymer in a matrix of the majority block through
self-assembly of a cylindrical-phase morphology block
copolymer on a chemically neutral surface. After
removal of the matrix material, the half-cylinders
form a masking structure over the underlying
substrate. However, subsequent etching tends to
undercut and isotropically etch the matrix material
that remains under the half-cylinder lines, which will
negatively affect etch resolution of the substrate.
Applications for forming structures in an underlying
substrate for semiconductor systems require a complex
layout of elements for forming contacts, conductive
lines and/or other elements such as DRAM capacitors.
[0005] It would be useful to provide methods of
fabricating films of line arrays of ordered
nanostructures that overcome these problems. BRIEF
DESCRIPTION OF THE DRAWINGS [0006] Embodiments of the
invention are described below with reference to the
following accompanying drawings, which are for
illustrative purposes only. Throughout the following
views, the reference numerals will be used in the
drawings, and the same reference numerals will be used
throughout the several views and in the description to
indicate same or like parts. [0007] FIG. 1 illustrates
a diagrammatic top plan view of a portion of a
substrate at a preliminary processing stage according
to an embodiment of the present disclosure, showing
the substrate with a neutral wetting material thereon.
FIGS. 1A-1B are elevational, cross-sectional views of
the substrate depicted in FIG. 1 taken along lines
1A-1L and IB-IB, respectively. [0008] FIG. 2
illustrates a diagrammatic top plan view of the
substrate of FIG. 1 at a subsequent stage showing the
formation of trenches in a material layer formed on
the neutral wetting material. FIGS. 2A-2B illustrate
elevational, cross-sectional views of a portion of the
substrate depicted in FIG. 2 taken, respectively,
along lines 2A-2A and 2B-2B. WHD\6426131 1 2 o f 3
3[0009] FIG. 3 illustrates a side elevational view of
a portion of a substrate at a preliminary processing
stage according to another embodiment of the
disclosure, showing the substrate with trenches in a
material layer formed on the substrate. FIG. 4
illustrates a side elevational view of the substrate
of FIG. 3 at a subsequent stage showing the formation
of a neutral wetting material within the trenches.
[0010] FIG. 5 is a diagrammatic top plan view of the
substrate of FIG. 2 at a subsequent stage in the
fabrication of a self-assembled, cylindrical phase,
block copolymer film within the trenches according to
an embodiment of the disclosure. FIG. 5A-5B illustrate
elevational, cross-sectional views of a portion of the
substrate depicted in FIG. 5 taken along lines 5A-5A
and 5B-5B, respectively. [0011] FIG. 6 is a view of
the substrate depicted in FIG. 5B at a subsequent
stage showing positioning of a preferential wetting
material over the block copolymer material within the
trenches. [0012] FIG. 7 is a top plan view of the
substrate shown in FIG. 6 at a subsequent stage,
showing a cut-away of the preferential wetting
material over the surface of the selfassembled block
copolymer material within the trenches. FIG. 7A-7B
illustrate cross-sectional views of the substrate
depicted in FIG. 7, taken along lines 7A-7A and 7B-7B,
respectively. FIG. 7C is a top plan view of a
cross-section of the substrate shown in FIG. 7A taken
along lines 7C-7C, showing the self-assembled
half-cylinder lines within a polymer matrix within the
trenches. [0013] FIG. 8 is a view of the substrate
depicted in FIG. 7B at a subsequent stage showing
removal of the preferential wetting material from the
surface of the self-assembled block copolymer material
according to an embodiment of the disclosure. [0014]
FIG. 9 is a top plan view of the substrate shown in
FIG. 7 at a subsequent stage, showing the removal of
one of the polymer domain of the self-assembled block
copolymer material within the'lrenches. FIG. 9A-9B
illustrate cross-sectional views of the substrate
depicted in FIG. 9, taken along lines 9A-9A and 9B-9B,
respectively. WHD\642613l.l 3 of 33[0015] FIGS. 10-11
are top plan views of the substrate of FIG. 9 at
subsequent stages, illustrating an embodiment of the
use of the self-assembled block copolymer film after 



removal of one of the polymer blocks, as a mask to
etch the substrate and filling of the etched openings.
FIGS. 1OA-IIA illustrate elevational, cross-sectional
views of a portion of the substrate depicted in FIGS.
10-1 1 taken along lines lOA-10 and 1IA-I IA,
respectively. FIGS. lOB-llB are cross-sectional views
of the substrate depicted in FIGS. 10-1 1 taken along
lines 10B- 1OB and 1IB-I IB, respectively. [0016] FIG.
12 is a view of the substrate depicted in FIG. 5A at a
subsequent stage showing the application of a
preferential wetting atmosphere over the block
copolymer material within the trenches according to
another embodiment of the invention. [0017] FIG. 13 is
a top plan view of the substrate shown in FIG. 12 at a
subsequent stage, showing the preferential wetting
brush layer over the surface of the self-assembled
block copolymer material within the trenches. FIG.
13A-13B illustrate cross-sectional views of the
substrate depicted in FIG. 13, taken along lines
13A-13A and 13B-13B, respectively. DETAILED
DESCRIPTION OF THE INVENTION [0018] The following
description with reference to the drawings provides
illustrative examples of devices and methods according
to embodiments of the invention. Such description is
for illustrative purposes only and not for purposes of
limiting the same. [0019] In the context of the
current application, the term "semiconductor
substrate" or "semiconductive substrate" or
"semiconductive wafer fragment" or "wafer fragment" or
"wafer" will be understood to mean any construction
comprising semiconductor material, including but not
limited to bulk semiconductive materials such as a
semiconductor wafer (either alone or in assemblies
comprising other materials thereon), and
semiconductive material layers (either alone or in
assemblies comprising other materials). The term
"substrate" refers to any supporting structure
including, but not limited to, the semiconductive
substrates, wafer fragments or wafers described above.
[0020] "L0" as used herein is the inherent periodicity
or pitch value (bulk period or repeat unit) of
structures that self assemble upon annealing from a
self-assembling (SA) block WHD\6426131.1 4
qf33copolymer. "LB" as used herein is the periodicity
or pitch value of a blend of a block copolymer with
one or more of its constituent homopolymers. "L" is
used herein to indicate the center-to-center cylinder
pitch or spacing of cylinders of the block copolymer
or blend, and is equivalent to "L0"for a pure block
copolymer and "LB" for a copolymer blend. [0021] In
embodiments of the invention, a polymer material
(e.g., film, layer) is prepared by guided
self-assembly of block copolymers, with both polymer
domains wetting the interface with the trench floor.
Block copolymer materials spontaneously assemble into
periodic structures by microphase separation of the
constituent polymer blocks after annealing, forming
ordered domains at nanometer-scale dimensions. In
embodiments of the invention, one or more rows or
lines of parallel-oriented half-cylinders are formed
within a trench, with the face of the half-cylinder
lines wetting a chemically neutral trench floor.
Following self assembly, the parallel-oriented line(s)
formed on the substrate can then be used, for example,
as an etch mask for patterning nanometer-scale line
openings into the underlying substrate through
selective removal of one block of the self-assembled
block copolymer. Since the domain sizes and periods
(Z,) involved in this method are determined by the
chain length of a block copolymer (MW), resolution can
exceed other techniques such as conventional
photolithography. Processing costs using the technique
are significantly less than extreme ultraviolet (EUV)
photolithography, which has comparable resolution.
{0022] A method for fabricating a self-assembled block
copolymer material that defines an array of
nanometer-scale, parallel-oriented, downward facing
half-cylinder lines according to an embodiment of the
invention is illustrated in FIGS. 1-9. [0023] The
described embodiment involves an anneal of a
cylindrical-phase block copolymer in combination with
a graphoepitaxy technique that utilizes a
lithographically defined trench as a guide with a
floor composed of a material that is neutral wetting
to both polymer blocks and sidewalls and ends that are
preferential wetting to one polymer block and function
as constraints to induce self assembly of the block
copolymer material. In some embodiments, an overlying
material layer that is preferential wetting is placed
over the block copolymer material in the trench. In
other embodiments, the air interface can selectively
wet the desired block. Upon annealing, the block
copolymer material will self-assemble into one
WHD\6426131.1 5 o f 3 3or more rows or lines of
half-cylinders in a polymer matrix and registered to
the trench sidewalls, with the face of the
half-cylinders oriented downward and wetting the
trench floor. In some embodiments, an ordered array of
two or more rows of half-cylinders can be formed in
each trench. [0024] As depicted in FIGS. 1-lB, a
substrate 10 is provided, which can be silicon,
silicon oxide, silicon nitride, silicon oxynitridc,
silicon oxycarbide, among other materials. [0025] In
the illustrated embodiment, a neutral wetting material
12 (e.g., random copolymer, blend of functionalized
homopolymers, etc.) has been formed over the substrate
10. A material layer 14 (or one or more material
layers) can then be formed over the neutral wetting
material and etched to form trenches 16, 16a, as shown
in FIGS. 2-2B. Portions of the material layer 14 form
a spacer 18 outside and between the trenches. The
trenches 16, 16a are structured with opposing
sidewalls 20, opposing ends 22, a floor 24, a width
(w,, w,!), a length (/,) and a depth (D1) . [0026] In
another embodiment illustrated in FIGS. 3-4, the
material layer 14' can be formed on the substrate 10',
etched to form the trenches 16', 16a', and a neutral
wetting material 12' can then be formed on the trench
floors 24'. For example, a random copolymer material
can be deposited into the trenches and crosslinkcd or
grafted to form a neutral wetting material layer.
Material on surfaces outside the trenches such as on
the spacers 18' (e.g., non-crosslinked random
copolymer) can be subsequently removed. [0027] Single
or multiple trenches 16, 16a (as shown) can be formed
using a lithographic tool having an exposure system
capable of patterning at the scale of L (10-100 nm).
Such exposure systems include, for example, extreme
ultraviolet (EUV) lithography, proximity X-rays and
electron beam (e-beam) lithography, as known and used
in the art. Conventional photolithography can attain
(at smallest) about 58 nm features. [0028] A method
called "pitch doubling" or "pitch multiplication" can
also be used for extending the capabilities of
photolithographic techniques beyond their minimum
pitch, as 



described, for example, in U.S. Pat. No. 5,328,810
(Lowrey et al.), U.S. Pat. No. 7,115,525
(Abatchev7cfai:)7US 2006/0281266 (Wells) and US
2007/0023805 (Wells). Briefly, a WHD\6426131.1 6 o f 3
3pattern of lines is photolithographically formed in a
photoresist material overlying a layer of an
expendable material, which in turn overlies a
substrate, the expendable material layer is etched to
form placeholders or mandrels, the photoresist is
stripped, spacers are formed on the sides of the
mandrels, and the mandrels are then removed leaving
behind the spacers as a mask for patterning the
substrate. Thus, where the initial photolithography
formed a pattern defining one feature and one space,
the same width now defines two features and two
spaces, with the spaces defined by the spacers. As a
result, the smallest feature size possible with a
photolithographic technique is effectively decreased
down to about 30 nm or less. [0029] Factors in forming
a single line or multiple lines of parallel-oriented
half-cylinders within the trenches include the width
(w,) of the trench, the formulation of the block
copolymer or blend to achieve the desired pitch (L),
and the thickness (C) of the block copolymer material.
[0030] There is a shift from two rows to one row of
the half-cylinder lines as the width of the trench is
decreased (e.g., from wt2 to vv,) and/or the
periodicity (L value) of the block copolymer is
increased, for example, by forming a ternary blend by
the addition of both constituent homopolymers. The
boundary conditions of the trench sidewalls 22 in both
the x- and y-axis impose a structure wherein each
trench contains "n" number of features (e.g., n lines
of half-cylinders). [0031] In the illustrated
embodiment, trenches 16 are constructed with a width
(w,) of about \.5-2*L (or 1.5-2 X the pitch value) of
the block copolymer such that a cast block copolymer
material (or blend) of about L will self assemble upon
annealing into a single parallel-oriented,
downward-facing half-cylinder line (line width at or
about 0.5*L) that is aligned with the sidewalls down
the center of each trench 16. A relatively wider
trench 16a has been formed with a width (w, ) of (n +
I)*L such that the block copolymer material (or blend)
of about L will self assemble into n lines of
downward-facing half-cylinders (line width ~ about
0.5*L) at a center-to-center pitch distance (p) of
adjacent lines at or about the L value of the block
copolymer material. For example, the width (w,2) of a
wider trench 16a can be about 3-65*Z, to result in the
formation of 2-64 rows, respectively, of the
downward-facing half-cylinders. WHD\6426131 1 7 o f
33[0032] For example, in using a cylindrical phase
block copolymer with an about 50 nm pitch value or L,
in trenches 16 with a width (wi) of about 1.5-2*50 nm
or about 75-100 nm, the block copolymer material will
form a single downward-facing half-cylinder having a
line width of about 25-nm. In trench 16a with a width
(wti), for example, of about 3*L or about 3*50 nm (or
about 150 nm), the block copolymer material will form
2 rows of the half-cylinder structures (line width
about 25-nm) at a center-to-center pitch distance (p)
of adjacent half-cylinder lines of about the L value
(about 50 nm). [0033] In another example, with a
cylindrical-phase block copolymer or blend having a
pitch or L value of 35-nm, a single line of about 17.5
nm wide (about 0.5*) of a downward facing
half-cylinder will form in trench 16 having a width
(wi) of about 1.5-2*Z, or about 52.5-70 nm wide, and
two parallel lines of half-cylinders (each about 17.5
nm wide) at a center-to-center pitch distance (p) of
about 35 nm will form in trench 16a having a width
(WQ) of about 3*L or about 3*35 nm (or about 105 nm).
[0034] The length (/,) of the trenches 16, 16a is
according to the desired length of the half-cylinder
line(s). [0035] The depth (D,) of the trenches is
effective to direct lateral ordering of the block
copolymer material during the anneal. In embodiments
of the invention, the trench depth can be at or less
than the final thickness ( ) of the block copolymer
material (D1< ) , which minimizes the formation of a
meniscus and variability in the thickness of the block
copolymer material across the trench width. In some
embodiments, the trench depth is at about two-thirds
to about three-fourths (2A- 3A, or about 67%-75%) less
than the final thickness (tj) of the block copolymer
material within the trench. [0036] In some
embodiments, the dimensions of the trenches 16, 16a
are a width of about 20-100 nm (trench 16, wi) and
about 20-3200 nm (trench 16a, w, ), a length (/,) of
about 100-25,000 mm, and a depth (D1) of about 10-100
nm. [0037] As depicted in FIGS. 5-5B, a
self-assembling, cylindrical-phase block copolymer
material 26 having an inherent pitch at or about L0
(or a ternary blend of block copolymer and
homopolymers blended to have a pitch at or about LB)
is deposited into the trenches 16, WHD\6426131.1 8
qf3316a. A thin layer 26a of the block copolymer
material can be deposited onto the material layer 14
outside the trenches, e.g., on the spacers 18. [0038]
The block copolymer or blend is constructed such that
all of the polymer blocks will have equal preference
for a neutral wetting material on the trench floor. In
some embodiments of the invention, the block copolymer
or blend is constructed such that the major domain can
be selectively removed. In other embodiments, the
minor domain polymer block can be selectively doped or
structured to incorporate an inorganic component or
species (e.g., a filler component) during annealing
into microphase domains, which will remain on the
substrate as an etch resistant material (e.g., mask)
upon selective removal of the majority polymer domain
or, in some embodiments, both the majority and
minority polymer domains. Suitable inorganic
precursors are thermally stable and do not volatilize
at the anneal temperature. [0039] Block copolymers
that incorporate an inorganic species can be prepared
by techniques known in the art, for example, by a
direct synthesis technique, or by incorporating atoms
of an inorganic species by complexation or
coordination with a reactive group of one of the
polymer blocks. [0040] For example, as described in
USP 6,565,763 (Asakawa et al.), the block copolymer
can be blended with an inorganic heat resistant
material or precursor thereof, which will segregate to
one polymer phase, for example, a metal salt, a metal
oxide gel, metal alkoxide polymers, metal oxide
precursor, metal nitride precursor, and metal fine
particles. Examples of the metal include silicon (Si),
chromium (Cr), titanium (Ti), aluminum (Al),
molybdenum (Mo), gold (Au), platinum (Pt), ruthenium
(Ru), zirconium (Zr), tungsten (W), vanadium (V), 



lead (Pb), and zinc (Zn), among others. [0041]
Examples of metal alkoxides include alkoxysilanes such
as tetramethoxysilane, tetraethoxysilane,
tetraisopropoxysilane, tetraisopropoxy aluminum and
tetraisopropoxytitanium, and alkylalkoxysilanes such
as butyltriethoxysilane and propyltriethoxyaluminum.
An example of the metal alkoxide polymer is
polydiethoxysiloxane. WHD\6426131.1 9 qf33[0042]
Examples of a metal oxide precursor or metal nitride
precursor include polysilsesquioxane (e.g.,
polymethylsilsesquioxane, polymethylhydroxyl
silsesquioxanc, polyphenylsilsesquioxane, etc.),
polyhedral oligomeric silsesquioxane (POSS), and
polysilazane. [0043] In some embodiments, a solution
of a block copolymer can be combined with an additive
such as an organic metal salt that has a high affinity
to one of the polymer chains of the block copolymer
and will segregate during an anneal to one of the
polymer phases. For example, the block copolymer can
be mixed with a metal salt combined with an organic
compound. Examples of such organic metal salts include
lithium 2,4-pentanedionate, lithium
tetramethylpentanedionate, ruthenium
2,4-pentanedionate, magnesium 2,4-pentanedionate,
magnesium hexafluoropentanedionate, magnesium
trifuoropentanedionate, manganese (II)
2,4-pentanedionate, molybdenum (V) ethoxide,
molybdenum (VI) oxide bis(2,4- pentanedionate),
neodymium 6,6,7,7,8,8,
8-heptafluoro-2,2-dimethyl-3.5-octanedionate,
neodymium hexafluoropentanedionate, neodymium (III)
2,4-pentanedionate, nickel (II) 2,4- pentanedionate,
niobium (V) n-butoxide, niobium (V) n-ethoxide,
palladium hexafluoropentanedionate, palladium
2,4-pentanedionate, platinum hexafluoropentanedionate,
platinum 2,4-pentanedionate, rhodium
trifuoropentanedionate, ruthenium (III)
2,4-pentanedionate, tetrabutylammonium
hexacholoroplatinate (IV), tetrabromoaurate (III)
cetylpyridinium salt, among others. [0044] As
described in US 2007/0222995 and US 2007/0289943 (Lu;
Agilent Technologies Inc.), atoms of an inorganic
species such as a metal (e.g., iron, cobalt,
molybdenum, etc.) can be incorporated into one block
of a diblock copolymer by complexation of the atoms of
the inorganic species with the pyridine units of
poly(styrene)-b-poly(vinylpyridine) (PS-b-PVP), where
the pyridine group forms a coordination bond with the
inorganic species, e.g., iron (Fe), etc. or form as an
acid-base conjugate. As an example of an acid-base
conjugate, a solution of the PS-b-PVP block copolymer
can be combined with dihydrogen hexachloroplatinate
(H2PtCU) wherein a single Pt atom can be complexed
with each pyridine group (at maximum loading).
WHD\6426131.1 10 o f 3 310045] As also described in US
2007/0222995, block copolymers that incorporate an
inorganic species can also be prepared by a direct
synthesis technique. For example, a sequential living
polymerization of a nonmetal-containing monomer (e.g.,
styrene monomer) followed by an inorganic
species-containing monomer (e.g.,
ferrocenylethylmethylsilane monomer) can be used to
synthesize an inorganic species-containing block
copolymer (e.g.,
poly(styrene)-b-poly(ferrocenylmethylethylsilane)
(PS-b-PFEMS). [0046] Examples of diblock copolymers
include, for example,
poly(styrene)-b-poly(vinylpyridine) (PS-b-PVP),
poly(styrene)-b-poly(methylmethacrylate) (PS-b-PMMA)
or other PS-b-poly(acrylatc) or
PS-b-poly(methacrylate), poly(styrene)-b-poly(lactide)
(PS-b-PLA), poly(styrene)-b-poly(tert-butyl acrylate)
(PS-b-PtBA), and
poly(styrene)-b-poly(ethylene-co-butylene
(PS-b-(PS-co-PB)), and poly(styrene)-b-poly(ethylene
oxide) (PS-b-PEO), polybutadiene-b-
poly(vinylpyridine) (PB-b-PVP),
poly(cthylene-alt-propylene)-b- poly(vinylpyridine)
(PEP-b-PVP) ; among others, with PS-b-PVP diblock
copolymers used in the illustrated embodiment. Other
types of block copolymers (i.e., triblock or
multiblock copolymers) can be used. Examples of
triblock copolymers include ABC copolymers such as
poly(styrene-b-methyl methacrylate-b-ethylene oxide)
(PS-b-PMMA-b-PEO), and ABA copolymers such as
PS-PMMA-PS, PMMA-PS-PMMA, and PS-b-PI-b-PS, among
others. [0047] Examples of diblock copolymers that
incorporate an inorganic species include
poly(styrene)-b-poly(dimethylsiloxane) (PS-b-PDMS),
poly(isoprene)-b-poly(dimethylsiloxane) (PI-b-PDMS),
PS-b-PFEMS,
poly(isoprene)-b-poly(ferrocenylmethylethylsilane)
(PI-b-PFEMS),
poly(styrene)-b-poly(vinylmethylsiloxane) (PS-b-PVMS),
poly(styrcne)-b-poly(butadiene) (PS-b-PB) where the
polybutadiene (PB) is stained by osmium tetroxide (OSO
), and poly(styrene)-b-poly(vinylpy tidine) (PS-b-PVP)
where the pyridine group forms a coordination bond
with an inorganic species, among others. After
annealing and self assembly of the polymer blocks into
the half-cylinders and matrix, an oxidation process
(e.g., ultraviolet (UV)-ozonation or oxygen plasma
etching) can be performed to remove the organic
components of the block copolymer domains and convert
the inorganic species to form a non-volatile inorganic
oxide, which remains on the substrate and can be used
as a WHD\6426131.1 11 of 3 3mask in a subsequent etch
process. For example, the inorganic species of the
PDMS and PFEM block copolymers are silicon and iron,
which, upon oxidation, will form non-volatile oxides,
e.g., silicon oxide (SiOx) and iron oxide (FexOy).
[0048] The L value of the block copolymer can be
modified, for example, by adjusting the molecular
weight of the block copolymer. The block copolymer
material can also be formulated as a binary or ternary
blend comprising a block copolymer and one or more
homopolymers (HPs) of the same type of polymers as the
polymer blocks in the block copolymer, to produce a
blend that will swell the size of the polymer domains
and increase the L value. The concentration of
homopolymers in a blend can range from 0 to about 60
wt-%. Generally, when added to a polymer material,
both homopolymers are added to the blend in about the
same ratio or amount. An example of a ternary diblock
copolymer blend is a PS-b-PVP/PS/PVP blend, for
example, 60 wt-% of 32.5 K/12 K PS-b-PVP, 20 wt-% of
1OK PS, and 20 wt-% of 1OK PVP. Another example of a
ternary diblock copolymer blend is a PS-b-PMMA/PS/PMMA
blend, for example, 60 wt-% of 46K/21K PS-b-PMMA, 20
wt-% of 2OK polystyrene and 20 wt-% of 2OK poly(methyl
methacrylate). Yet another example is a blend of
60:20:20 (wt-%) of PS-b-PEO/PS/PEO, or a blend of
about 85-90 wt-% PS-b-PEO and up to 10-15 wt-% PEO
homopolymer. 



[0049] The film morphology, including the domain sizes
and periods (L0) of the microphase-separated domains,
can be controlled by chain length of a block copolymer
(molecular weight, MW) and volume fraction of the AB
blocks of a diblock copolymer to produce cylindrical
morphologies (among others). For example, for volume
fractions at ratios of the two blocks generally
between about 60:40 and 80:20, the diblock copolymer
will microphase separate and self-assemble into
periodic half-cylindrical domains of polymer B within
a matrix of polymer A. An example of a cylinder-
forming PS-b-PVP copolymer material (LO~35 nm) to form
about 20 nm wide half-cylindrical PVP domains in a
matrix of PS is composed of about 70 wt-% PS and 30
wt-% PVP with a total molecular weight (Mn) of 44.5
kg/mol. [0050] Referring to FIG. 5A, the cylindrical
-phase block copolymer material 26 can be cast or
deposited into the trenches 16, 16a to an initial
thickness (t/) at or about the L value of WHD\6426I31
1 12 o f 3 3the block copolymer material (e.g., about
+ 20% of L) such that the thickness ( ) after
annealing will be at or below the L value and the
block copolymer material will self assemble to form a
single layer of downwardly- facing half-cylinders
registered parallel to the sidewalls 20 and extending
the length (/,) of each of the trenches (e.g., as in
FIGS. 7A-7B). The thickness of the block copolymer
material 26 can be measured, for example, by
ellipsometry techniques. [0051] The block copolymer
material can be deposited by spin casting
(spin-coating) from a dilute solution (e.g., about
0.25-2 wt% solution) of the copolymer in an organic
solvent such as dichloroethane (CH2Cl2) or toluene,
for example. Capillary forces pull excess block
copolymer material 26 (e.g., greater than a monolayer)
into the trenches 16, 16a. As shown, a thin layer or
film 26a of the block copolymer material can be
deposited onto the material layer 14 outside the
trenches, e.g., on the spacers 18. Upon annealing, the
thin film 26a will flow into the trenches leaving a
structureless brush layer on the material layer 14
from a top-down perspective. [0052] In the present
embodiment, the trench floors 24 are structured to be
neutral wetting (equal affinity for both blocks of the
copolymer) to induce formation of half-cylinder
polymer domains that are oriented facing downward on
the trench floors, and the trench sidewalls 20 and
ends 22 are structured to be preferential wetting by
one block of the block copolymer to induce
registration of the half-cylinders to the sidewalls 20
as the polymer blocks self-assemble. Entropic forces
drive the wetting of a neutral wetting surface by both
blocks, and enthalpic forces drive the wetting of a
preferential- wetting surface by the preferred block
(e.g., the minority block). [0053] A chemically
neutral wetting trench floor 24 allows both blocks of
the copolymer material to wet the floor of the trench
and provides for the formation of the half-cylinder
line layout of the disclosure. The use of a neutral
wetting trench floor in embodiments of the invention
expands the number of block copolymer materials that
can be utilized to produce self-assembled films having
a scries of parallel lines formed on a substrate
surface that can be readily used as a mask for etching
the underlying substrate to form a multiple line
layout on a nanoscale level. WHO\6426131.1 13 o f 3
3[0054] A neutral wetting material 12 can be provided,
for example, by applying a neutral wetting polymer
(e.g., a neutral wetting random copolymer) onto the
substrate 10, then forming an overlying material layer
14 and etching the trenches 16, 16a to expose the
underlying neutral wetting material, as illustrated in
FIGS. 2-2B. [0055] In another embodiment illustrated
in FIGS. 3-4, a neutral wetting random copolymer
material can be applied after forming the trenches
16', 16a1, for example, as a blanket coat by casting
or spin-coating into the trenches, as depicted in FIG.
4. The random copolymer material can then be thermally
processed to flow the material into the bottom of the
trenches by capillary action, which results in a layer
(mat) 12' composed of the crosslinfced, neutral
wetting random copolymer. In another embodiment, the
random copolymer material within the trenches can be
photo-exposed (e.g., through a mask or reticle) to
crosslink the random copolymer within the trenches to
form the neutral wetting material 12'. Non-crosslinked
random copolymer material outside the trenches (e.g.,
on the spacers 18') can be subsequently removed.
[0056] Neutral wetting surfaces can be specifically
prepared by the application of random copolymers
composed of monomers identical to those in the block
copolymer and tailored such that the mole fraction of
each monomer is appropriate to form a neutral wetting
surface. For example, in the use of a PS-b-PVP block
copolymer, a neutral wetting material 12 can be formed
from a thin film of a photo-crosslinkable random
PS-r-PVP copolymer that exhibits non-preferential or
neutral wetting toward PS and PVP, which can be cast
onto the substrate 10 (e.g., by spin coating). The
random copolymer material can be fixed in place by
chemical grafting (on an oxide substrate) or by
thermally or photolytically crosslinking (any surface)
to form a mat that is neutral wetting to PS and PVP
and insoluble when the block copolymer material is
cast onto it, due to the crosslinking. [0057] In
another embodiment, a blend of hydroxyl-terminated
homopolymers and a corresponding low molecular weight
block copolymer can be grafted (covalently bonded) to
the substrate to form a neutral wetting interface
layer (e.g., about 4-5 nm) for PS-b-PMMA and
PS-b-P2VP, among other block copolymers. The block
copolymer can function to emulsify the homopolymer
blend before grafting. For example, an about 1 wt-%
solution WHD\642613I 1 14 of 33(e.g., in toluene) of a
blend of about 20-50 wt-% (or about 30-40 wt-%)
OH-terminated homopolymers (e.g., Mn=6K) and about
80-50 wt-% (or about 70-60 wt-%) of a low molecular
weight block copolymer (e.g., 5K-5K) can be spin
coated onto a substrate 10 (e.g., SiO ), heated
(baked) (e.g., at 1600C), and non-grafted (unbonded)
polymer material removed, for example by a solvent
rinse (e.g., toluene). For example, the neutral
wetting material can be prepared from a blend of about
30 wt-% PS-OH (Mn=6K) and PMMA-OH (Mn=6K) (weight
ratio of 4:6) and about 70 wt-% PS-b-PMMA (5K-5K), or
a ternary blend of PS-OH (6K), P2VP-OH (6K) and
PS-b-2PVP (8K-8K), etc. [0058] In embodiments in which
the substrate 10 is silicon (with native oxide), a
neutral wetting surface for PS-b-PMMA can be provided
by hydrogen-terminated silicon. The floors 24 of the
trenches 16, 16a can be etched, for example, with a
hydrogen plasma, to remove the 



oxide material and form hydrogen-terminated silicon,
which is neutral wetting with equal affinity for both
blocks of a block copolymer material. H-terminated
silicon can be prepared by a conventional process, for
example, by a fluoride ion etch of a silicon substrate
(with native oxide present, about 12-15 A) by exposure
to an aqueous solution of hydrogen fluoride (HF) and
buffered HF or ammonium fluoride (NH F), by HF vapor
treatment, or by a hydrogen plasma treatment (e.g.,
atomic hydrogen). [0059] An H-terminated silicon
substrate can be further processed by grafting a
random copolymer such as PS-r-PVP, PS-r-PMMA, etc.
selectively onto the substrate resulting in a neutral
wetting surface for the corresponding block copolymer
(e.g, PS-b-PVP, PS-b-PMMA, etc.). For example, a
neutral wetting layer of a PS-r-PMMA random copolymer
can be provided by an in situ free radical
polymerization of styrene and methyl methacrylate
using a di-olefinic linker such divinyl benzene which
links the polymer to an H-terminated silicon surface
to produce about a 10-15 nm thick film. [0060]
Referring again to FIGS. 3-4, in another embodiment, a
neutral wetting random copolymer material 12' can be
applied after formation of the material layer 14' and
trenches 16', which reacts selectively with the trench
floor 24' (composed of the substrate 10' material) and
not the trench sidewalls 20' or ends 22' (composed of
the material layer 14'). For example, a random
copolymer (or appropriate blend of homopolymers with
block WHD\6426131.1 15 o f 3 3copolymer surfactant)
containing epoxide groups will react selectively to
terminal amine functional groups (e.g. -NH- and -NH2)
on silicon nitride and silicon oxynitride surfaces
relative to silicon oxide or silicon. In another
example in which the trench floor 24' is silicon or
polysilicon and the sidewalls 20' are a material such
as an oxide (e.g., SiOx), the floor can be treated to
form H-terminated silicon and a random copolymer
material 14' (e.g., PS-r-PVP, PS-r-PMMA, etc.) can be
formed by in situ polymerization only at the floor
surface. [0061J In yet another embodiment, a neutral
wetting surface (e.g., for PS-b-PMMA and PS-b-PEO) can
be provided by grafting a self-assembled monolayer
(SAM) of a trichlorosilane-base SAM such as
3-(para-methoxyphenyl)propyltrichorosilane grafted to
oxide (e.g., SiO2) as described for example, by D.H.
Park, Nanotechnology 18 (2007), p. 355304. [0062] A
surface that is neutral wetting to PS-b-PMMA can also
be prepared by spin coating a blanket layer of a
photo- or thermally cross-linkable random copolymer
such as a benzocyclobutene- or
azidomethylstyrene-functionalized random copolymer of
styrene and methyl methacrylate (e.g.,
poly(styrene-r-benzocyclobutene-r- methyl methacrylate
(PS-r-PMMA-r-BCB)). For example, such a random
copolymer can comprise about 42 wt-% PMMA, about
(58-x) wt-% PS and x wt-% (e.g., about 2-3 wt-%) of
either polybenzocyclobutene or poly(para-azidomethyl
styrene)). An azidomethylstyrenefunctionalized random
copolymer can be UV photo-crosslinked (e.g., 1-5 MW/cm
L2 exposure for about 15 seconds to about 30 minutes)
or thermally crosslinked (e.g., at about 17O0C for
about 4 hours) to form a crosslinked polymer mat as a
neutral wetting layer. A
benzocyclobutene-functionalized random copolymer can
be thermally cross-linked (e.g., at about 2000C for
about 4 hours or at about 2500C for about 10 minutes).
[0063] In another embodiment, a neutral wetting random
copolymer of polystyrene (PS), polymethacrylate (PMMA)
with hydroxyl group(s) (e.g., 2-hydroxycthyl
methacrylate (P(S-r-MMA-r-HEMA)) (e.g., about 58 wt-%
PS) can be can be selectively grafted to a substrate
10 (e.g., an oxide) as a neutral wetting layer about
5-10 nm thick by heating at about 1600C for about 48
hours. See, for example, In et al., Langmuir, 2006,
22, 7855-7860. WHD\6426131.1  16 qf33[0064] To provide
preferential wetting trench sidewalls, for example, in
the use of a PS-b-PVP block copolymer, the material
layer 14 can be composed of silicon (with native
oxide), oxide (e.g., silicon oxide, SiOx), silicon
nitride, silicon oxycarbide, indium tin oxide (ITO),
silicon oxynitride, and resist materials such as
methacrylate-based resists and polydimethyl
glutarimide resists, among other materials, which
exhibit preferential wetting toward the preferred
block (e.g., the minority block) , which is the PVP
block in the illustrated embodiment. Upon annealing
and self assembly of the block copolymer material, the
preferred block (e.g., the PVP block) will form a thin
interface layer along the preferential wetting
sidewalls 20 and ends 22 of the trenches. [0065] In
other embodiments utilizing PS-b-PMMA, a preferential
wetting material such as a polymethylmethacrylate
(PMMA) polymer modified with an -OH containing moiety
(e.g., hydroxyethylmethacrylate) can be selectively
applied onto the sidewalls of the trenches in
embodiments where a neutral wetting material 12 is in
place on the trench floor 24 (as in FIGS. 2-2B, FIG.
4). For example, a neutral wetting layer can be formed
on the trench floor 24 (e.g., FIG. 4 layer) by an in
situ polymerization of a random copolymer on
H-terminaled silicon in the presence OfSiO x
sidewalls, and OH-modified PMMA then grafted to the
sidewalls. An OH-modified PMMA can be applied, for
example, by spin coating and then heating (e.g., to
about 17O0C) to allow the terminal OH groups to
selectively end-graft to the sidewalls 20 and ends 22
(e.g., of oxide) of the trenches. Non-grafted material
can be removed by rinsing with an appropriate solvent
(e.g., toluene). See, for example, Mansky et al.,
Science, 1997, 275, 1458-1460, and In et al.,
Langmuir, 2006, 22, 7855-7860. [0066] Referring to
FIG. 6, the surface 28 of the block copolymer material
26 in the trenches is then contacted by a material 30
that will preferentially wet one of the blocks of the
copolymer material 26, which is the minority block in
the illustrated embodiment. [0067] In an embodiment of
the invention, the preferential wetting material 30 is
composed of a solid material that is placed onto the
surface of the block copolymer material 26. For
example, the preferential wetting material 30 can be
composed of a soft, flexible or rubbery solid material
such as a cross-linked, poly(dimethylsiloxane) (PDMS)
WHD\6426131.1 17 qf33elastomer (e.g., Sylgard-184 by
Dow-Corning) or other elastomeric polymer material
(e.g., silicones, polyurethanes, etc.). [0068] A
cross-linked, solid PDMS material 30 provides an
external surface that is hydrophobic, which can be
altered, for example, by a plasma oxidation to add
silanol (SiOH) groups to the surface to render the
PDMS surface hydrophilic. For example, in using a
PS-b-PVP (70:30) block copolymer, a PDMS material 30
having a hydrophobic surface 



placed into contact with the PS-b-PVP block copolymer
material 26 will be preferentially wetted by the PS
block, while a PDMS material 30 modified with a
hydrophilic surface will be preferentially wetted by
the PVP block. After annealing, a PDMS material 30 can
be removed, for example, by lifting or peeling the
material 30 from the surface 28 of the block copolymer
material 26, which can include applying a solvent such
as water, alcohols, etc. (e.g., by soaking) to
permeate and swell the PDMS material to enhance
physical removal, and which is compatible with and
does not dissolve the block copolymer. A dilute
fluoride solution (e.g., NH4F, HF, NaF, etc.) can also
be applied to etch and dissolve away a PDMS material.
[0069] In another embodiment, the preferential wetting
material 30 can be formed as an inorganic film on the
surface 28 of the block copolymer material 26. For
example, a layer of a spin-on dielectric (SOD)
material can be formed by applying, for example, a
spin-on liquid silicon-containing polymer, removing
the solvent (e.g., by heating), and then oxidizing the
polymer layer (e.g., oxygen atmosphere,
steam-oxidation process, wet chemical oxidation, etc.)
to form a hard silicon dioxide (SiO2) layer, a
hydrophilic surface that will be preferentially wetted
by the PVP (minority) block. In embodiments of the
method, the oxidation can be conducted simultaneously
with a thermal anneal of the BCP material. Examples of
silicon-containing polymers include a silicates,
siloxanes (e.g., hydrogen silsesquioxane (HSQ),
hexamethyldisiloxane, octamethyltrisiloxane, etc.),
silazanes (e.g., polysilazanes such as
hexamethyldisilazane (HMDS), tetramethyldisilazane,
octamethylcyclotetrasilazine,
hexamethylcyclotrisilazine,
diethylaminotrimethylsilane,
dimethylaminotrimethylsilane, etc.) and
silisesquioxanes (e.g., hydrogen silsesquioxane (HSQ).
The spin-on polymer material can be applied, for
example, by casting, spin applying, flow coating or a
spray coating technique. The solvent of the spin-on
polymer material is WHD\6426131.1 18 qf33compatible
with and does not dissolve the block copolymer, for
example, water or an alcohol. After annealing, the
dielectric preferential wetting material layer 30 can
be removed using a controlled etch back process, for
example, by applying a fluoride-based etchant whereby
the dielectric material is etched at a low etch rate
(e.g., less than about 200 A/minute). [0070] With the
preferential wetting material 30 in contact with the
surface 28 of the block copolymer material 26, an
annealing process is conducted (arrows , FIG. 6) to
cause the polymer blocks to phase separate in response
to the preferential and neutral wetting of the trench
surfaces and the preferential wetting of the overlying
material 30, and form a self-assembled polymer
material 32 as illustrated in FIGS. 7-7C. [0071]
Thermal annealing can be conducted at above the glass
transition temperature of the component blocks of the
copolymer material. For example, a PS-b-PVP copolymer
material can be globally annealed at a temperature of
about 150-275 0C in a vacuum oven for about 1-24 hours
to achieve the self-assembled morphology. The
resulting morphology of the annealed copolymer
material 32 (e.g., parallel orientation of the
half-cylinder lines) can be examined, for example,
using atomic force microscopy (LFM), transmission
electron microscopy (TEM), scanning electron
microscopy (SEM). [0072] The block copolymer material
can be globally heated or, in other embodiments, a
zone or localized thermal anneal can be applied to
portions or sections of the block copolymer material
26. For example, the substrate can be moved across a
hot-to-cold temperature gradient 34 (FIG. 6)
positioned above (as shown) or underneath the
substrate (or the thermal source can be moved relative
to the substrate, e.g , arrow -) such that the block
copolymer material self-assembles upon cooling after
passing through the heat source. Only those portions
of the block copolymer material that are heated above
the glass transition temperature of the component
polymer blocks will self-assemble, and areas of the
material that were not sufficiently heated remain
disordered and unassembled. "Pulling" the heated zone
across the substrate can result in faster processing
and better ordered structures relative to a global
thermal anneal. WHD\6426131 1 19 o f 33[0073] Upon
annealing, the cylindrical-phase block copolymer
material 26 will self-assemble into a polymer material
32 (e.g. film), as depicted in FIGS. 7-7C. In response
to the character of the cylinder-phase block copolymer
composition (e.g., 70:30 PS-b-PVP having an inherent
pitch at or about L) combined with the boundary
conditions, including the constraints provided by the
width (w,) of the trenches 16 and the wetting
properties of the trench surfaces (i.e., a trench
floor 24 that exhibits neutral or non-preferential
wetting toward both polymer blocks, e.g., a random
graft copolymer, and trench sidewalls 20 and an
overlying material 30 that are preferential wetting to
the minority block), the minority (preferred) block
(e.g., PVP) will self-assemble to form
parallel-oriented, downward-facing, half-cylinder
domain (line) 36 on the non-preferential (neutral)
wetting material 12 on the trench floor, which is
parallel to the trench floor 24 and registered to the
sidewalls 20 for the length (/,) of trenches 16, 16a.
Within the trenches, a matrix 38 of the majority
polymer block (e.g., PS) overlies and surrounds the
half-cylinder(s) 36. Generally, the half-cylinder
lines 36 (both blocks considered) will have a width
(vvc) at or about 0.5*1.. [0074] In addition, the
minority (preferred) block (e.g., PVP) will segregate
to and wet the preferential wetting sidewalls 20 and
ends 22 of the trenches 16, 16a to form a thin
interface or wetting (brush) layer 36a, and will
segregate to and wet the overlying preferential
wetting material layer 30 to form an overlying thin
wetting layer 36a s. The thickness of the wetting
layers 36a, 36a s (both blocks considered) is
generally about 0.5 *L, which includes <0.25* of the
minority block and about 0.25*1 of the majority block.
For example, a <0.25*Z. thick layer of the PVP block
will wet oxide interfaces with attached PS domains
(about 0.25*1 thick) directed outward from the oxide
material. [0075] In embodiments of the invention, the
self-assembled polymer material 32 has a post-anneal
thickness ( ) at or below the L value, or t = b
+(0.5*/,) (where b is the thickness of the overlying
wetting layer 36as, both blocks considered), or I2 =
[(<0.5*L) + (0.5*L)], or t2 <L. [0076] In embodiments
in which the block copolymer material 26 includes an
inorganic species such as a metal (e.g., Si, Fe,
etc.), the inorganic species will segregate to one
polymer phase upon annealing. For example, with a
PS-b-PVP copolymer combined with an silicon- 



WHD\6426131.1 2 0 qf33and/or iron-containing additive
where the pyridine group selectively solvates the Si
and Fe species, during the anneal, the Si and Fe
species will segregate to the PVP half-cylinders 36
(and wetting layers 36a). Suitable inorganic
precursors are thermally stable and will not
volatilize at the anneal temperature. [0077] In the
illustrated embodiment, the width (w,) of trenches 16
are about 1.5-2*L (or 1.5-2 X the pitch value) of the
block copolymer 26, resulting in the formation of a
single half-cylinder down the center of the trench 16
from a block copolymer having a pitch value of about
L. As depicted in FIGS. 7A and 7C, within a wider
trench 16a having a width (w,2) of about {n +I)*L (or
( +1) X the pitch value), the block copolymer material
will self assemble to form multiple (") lines of
half-cylinders 36 (shown as two lines) with a
center-to-center pitch distance (p) of adjacent lines
at or about the pitch distance or L value of the block
copolymer material. The number (ri) of half-cylinder
lines 36 within a trench can be varied, for example,
according to the width of the trench and/or the pitch
distance (p) or L value of the block copolymer
material. [0078] After the block copolymer material is
annealed and ordered, the preferential wetting
material 30 can be removed from contact with the
assembled block copolymer material 32, as shown in
FIG. 8. [0079] For example, in the use of a solid,
clastomeric material 30 such as PDMS, the material can
be lifted or peeled from the surface of the block
copolymer material 32. To facilitate removal, a
solvent that is compatible with and does not dissolve
or etch the assembled polymer domains such as water,
alcohol, etc. can be applied (e.g., by spraying,
soaking the material) to permeate and swell the
material and enhance removal without altering or
damaging the assembled polymer structure. A dilute
fluoride solution (e.g., NH4F HF, NaF, etc.) can also
be applied to mediate the removal and decomposition of
a PDMS material. [0080] In embodiments of the
invention in which the preferential wetting material
30 is composed of an inorganic material such as a
spin-on dielectric (SOD), the material 30 can be
removed by a controlled etch back process, for
example, by applying a fluoride-based etchant
WHD\6426131.1 2 1 of 3 3whereby the dielectric
material is etched at a low etch rate (e.g., less than
about 200 A/minute) without altering or damaging the
assembled polymer structure. [0081] In embodiments in
which an elastomeric material 30 is used with a block
copolymer material that includes an inorganic species
(e.g., Si, Fe, etc.), a process that dissolves or
etches the polymer components but not the inorganic
species can be used to selectively remove the organic
components of the block copolymer domains, leaving the
inorganic species on the substrate to form a mask
material. For example, an oxygen plasma etch will
remove the carbonaceous major domains, leaving
inorganic material (e.g., Si, Fe, etc.) as lines on
the substrate surface. [0082] Generally, a block
copolymer thin film 26a outside the trenches (e.g., on
spacers 18) will not be not thick enough to result in
self-assembly. Optionally, the unstructured thin film
26a can be removed, for example, by an etch technique
or a planarization process to provide an about
uniformly flat surface . [0083] Optionally, the
copolymer material can be treated to crosslink one of
the polymer domains (e.g., the PVP half-cylinders) to
fix and enhance the strength of the polymer blocks.
For example, one of the polymer blocks can be
structured to inherently crosslink (e.g., upon
exposure to ultraviolet (UV) radiation, including deep
ultraviolet (DUV) radiation), or the polymer block can
be formulated to contain a crosslinking agent. For
example, the trench regions can be selectively exposed
through a reticle (not shown) to crosslink only the
self-assembled polymer material 32 within the trenches
16, 16a and a wash can then be applied with an
appropriate solvent (e.g., toluene) to remove the
non-crosslinked portions of the block copolymer
material 26a, leaving the registered self-assembled
polymer material 32 within the trench and exposing the
surface of the material layer 14 above/outside the
trenches. In another embodiment, the annealed polymer
material 32 can be crosslinked globally, a photoresist
material can be applied to pattern and expose the
areas of the polymer material 26a outside the trench
regions, and the exposed portions of the polymer
material 26a can be removed, for example by an oxygen
(O2) plasma treatment. [0084] An embodiment of the
application of the self-assembled polymer material 30
is as an etch mask to form openings in the substrate
10. After annealing and self assembly of the
WHD\6426131 1 2 2 o f 3 3polymer blocks into the
half-cylinders 36 and matrix 38, and removal of the
preferential wetting material 30, the assembled
polymer material 32 can be processed to form a
structure that can be used as an etch mask to form
openings in the substrate 10. [0085] In some
embodiments of the invention, the surface wetting
layer 36as (FIGS. 7A, 7C) composed of the minority
block (e.g., PVP) can be selectively removed to expose
the matrix 38 of the self-assembled polymer material
32. For example, a surface wetting layer 36as of PVP
can be removed by an RIE process using an oxygen,
fluorocarbon, or argon plasma, for example. [0086] In
embodiments of the invention in which one of the
polymer domains includes an inorganic species (e.g.,
Si, Fe, etc.), an oxidation process such as a
UV-ozonation or oxygen plasma etching, can be
performed to remove the organic material (i.e., the
polymer domains) and convert the inorganic species to
a non-volatile inorganic oxide, e.g., silicon oxide
(SiOx), iron oxide (FexOy), etc., which remains on the
substrate and can be used as a mask in a subsequent
etch process. [0087] For example, as depicted in FIGS.
9-9B, in the illustrated embodiment in which the block
copolymer material (26) is composed of PS-b-PVP
combined (e.g., doped) with an Si- and/or
Fe-containing additive, and the Si and/or Fe species
are segregated to the PVP half-cylinders 36 and
wetting layers 36a. An oxidation process (arrows H )
can be performed to remove both the PS matrix 38 and
PVP polymer component of the half-cylinders 36 (and
neutral wetting layer 12) and convert the Si and/or Fe
species within the half-cylinders to inorganic oxide,
e.g., SiOx and/or FexOy, resulting in non-volatile,
inorganic oxide lines 40 on the substrate 10. [0088]
In other embodiments, the matrix domain 38 of the
self-assembled polymer material 32 can be selectively
removed relative to the half-cylinder lines 36, which
can be 



used as a mask to etch the exposed substrate 10 at the
trench floor. For example, in using a PS-b-PMMA block
copolymer, PMMA domains can be selectively removed by
UV exposure/acetic acid development or by selective
reactive ion etching (RIE), and the remaining PS
domains can then be used as a mask to etch the
substrate. WHD\6426131.1 2 3 o f 3 3[0089] The oxide
lines 40 can then be used as a mask to etch line
openings 42 (e.g., trenches) in the substrate 10, as
depicted in FIGS. 10-lOB, for example, using an
anisotropic, selective reactive ion etch (RIE)
process. (0090] Further processing can then be
performed as desired. For example, as depicted in
FIGS. 11-llB, the residual oxide lines 40 can be
removed, for example, using a fluoride-based etchant,
and the substrate openings 42 can be filled with a
material 44 such as a metal or metal alloy such as Cu,
Al, W, Si, and Ti N4, among others, to form arrays of
conductive lines, or with an insulating material such
as SiO2, Al2O3, HfO2, ZrO2, SrTiO3, and the like.
[0091] Referring now to FIG. 12, in another embodiment
of the invention, an atmosphere 46' can be applied to
form an air interface at the surface 28' of the block
copolymer material 26' in the trenches that is
preferentially wetting to one of the blocks of the
copolymer material 26'. [0092] In some embodiments, a
preferentially wetting atmosphere can be composed of
clean, dry air to preferentially wet the polymer block
having the lower surface tension. For example, in the
use of PS-b-PVP and PS-b-PEO, the PS block has a
relatively lower surface tension and will
preferentially wet a clean dry air atmosphere. In the
use of PS-b-PDMS, the PDMS block has a lower surface
tension and will preferentially wet a clean dry air
atmosphere. In other embodiments, a humid atmosphere
(air) can be applied to preferentially wet PEO over PS
(e.g., using PS-b-PEO), or a near-saturated solvent
atmosphere (e.g., ethanol, dimethylformamide (DMF),
and the like) can be applied as a vapor phase to
preferentially wet PVP over PS (e.g., using PS-b-PVP).
[0093] An anneal of the block copolymer material 26'
in the presence of the preferentially wetting
atmosphere 46' can then be conducted such that the
polymer blocks phase separate in response to the
preferential and neutral wetting of the trench
surfaces and the preferential wetting of the overlying
atmosphere 46' at the air-interface to form a
self-assembled polymer material 32' as illustrated in
FIGS. 13-13B. In response to the constraints provided
by the width (w,) of the trenches 16', 16a', a floor
24' that is neutral wetting to both polymer blocks,
and sidewalls 20' and an air interface that are
preferential wetting to the minority block, a
WHD\6426I31.1 2 4 qf33cylinder-phase block copolymer
composition (e.g., 70:30 PS-b-PVP (inherent pitch ~ L)
will self-assemble such that the minority (preferred)
block (e.g., PVP) will form parallel-oriented,
downward-facing, half-cylinder domains 36' on the
neutral wetting material 12' on the trench floors
surrounded by an overlying matrix 38' of the majority
polymer block (e.g., PS). In addition, the minority
(preferred) block (e.g., PVP) will segregate to and
wet the sidewalls 20' and ends 22' of the trenches
16', 16a' and the air interface (e.g., using a
near-saturated solvent atmosphere), which are
preferential wetting to the minority block, to form an
thin interface or wetting layer 36a' (on the
sidewalls) and 36a s' (at the air interface) (e.g., at
a thickness of about 0.25*1). As another example, in
the use of a cylindrical-phase PS-b-PDMS, PDMS
halfcylinders 26' would assemble on the neutral
wetting material 12' within an overlying PS matrix
38', and PDMS would form a brush layer 26a' on the
trench sidewalls 20' and ends 22' and a brush layer
26as' at the interface with a clean, dry air
atmosphere that would preferentially wet PDMS. [0094]
Following the anneal, the polymer material can be
optionally crosslinked as previously described. In
some embodiments, the surface wetting layer 36a' s at
the air interface (e.g., the minority block, PVP) can
be selectively removed to expose the underlying matrix
38', e.g., by an RIE process. The self-assembled
polymer material can then be processed as desired, for
example, to form a masking material to etch the
underlying substrate 10'. [0095] Embodiments of the
invention provide methods of forming structures of
parallel lines that assemble via graphoepitaxy rapidly
and defect-free over large areas in wide trenches. The
structures formed from cylinder-forming block
copolymers can be produced considerable faster than
for lamellar-forming block copolymers, and have
improved pattern transfer to an underlying substrate
when used as an etch mask compared to arrays of
minority block cylinders fully suspended in majority
block matrix due to undercutting of the matrix
underneath the cylinders during etching. The methods
also provide ordered and registered elements on a
nanometer scale that can be prepared more
inexpensively than by electron beam lithography, EUV
photolithography or conventional photolithography. The
feature sizes produced and accessible by this
invention cannot be easily prepared by conventional
photolithography. The described methods and systems
can be readily employed and WHD\6426131.1 2 5 o f
33incorporated into existing semiconductor
manufacturing process flows and provide a low cost,
high-throughput technique for fabricating small
structures. [0096] Although specific embodiments have
been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that
any arrangement which is calculated to achieve the
same purpose may be substituted for the specific
embodiments shown. This application is intended to
cover any adaptations or variations that operate
according to the principles of the invention as
described. Therefore, it is intended that this
invention be limited only by the claims and the
equivalents thereof. The disclosures of patents,
references and publications cited in the application
are incorporated by reference herein. WHD\6426131.1 2
6 qf33WHAT IS CLAIMED IS: 1. A method of forming a
nanostructured polymer material on a substrate,
comprising: forming a self-assembling block copolymer
material within a trench in a material layer on the
substrate, the trench having a length, a neutral
wetting floor, and opposing sidewalls and ends that
are preferentially wetting to a minority block of the
block copolymer; applying a material preferentially
wetting to the minority block over and in contact with
the block copolymer material within the trench; and
annealing the block copolymer material such that the
block copolymer material 



self-assembles into half-cylindrical domains of the
minority block of the block copolymer within a matrix
of a majority block of the block copolymer, the
half-cylindrical polymer domains oriented parallel to
the trench floor and extending the length of the
trench, the half-cylindrical domains having a face
oriented toward and wetting the neutral wetting trench
floor. 2. The method of Claim 1, wherein the minority
block of the block copolymer comprises a metal. 3. The
method of Claim 2, wherein the metal is selected from
the group consisting of silicon, chromium, titanium,
aluminum, molybdenum, gold , platinum, ruthenium,
zirconium, tungsten, vanadium, lead, and zinc. 4. The
method of Claim 2, wherein the minority block of the
block copolymer is selected from the group consisting
of poly(vinylpyridine), poly(methylmethacrylate),
poly(lactide), poly(tert-butyl acrylate)
poly(ethylene-co-butylene), poly(ethylene oxide),
poly(butadiene), and polystyrene. 5. The method of
Claim 2, wherein the minority block of the block
copolymer is selected from the group consisting of
polydimethylsiloxane, poly(vinylmethylsiloxane), and
poly(ferrocenylmethylethylsilane). 6. The method of
Claim 1, wherein the majority block of the block
copolymer is selected from the group consisting of
poly(styrene), poly(isoprene), poly(butadiene), and
poly(ethylene-alt-propylene), and
poly(methylmethacrylate). WHD\6426131.1 2 7 o f 3 37.
The method of Claim 1, wherein applying the
preferentially wetting material comprises contacting
the block copolymer material within the trench with an
elastomeric material. 8. The method of Claim 7,
wherein the preferentially wetting material comprises
poly(dimethylsiloxane) or poly(urethane). 9. The
method of Claim 8, wherein the preferentially wetting
material comprises poly(dimethylsiloxane) having a
hydrophilic surface. 10. The method of Claim 9,
wherein the preferentially wetting material comprises
poly(dimethylsiloxane) comprising silanol groups on a
surface. 11. The method of Claim 1, wherein applying
the preferentially wetting material comprises
depositing an inorganic material to form a layer over
the block copolymer material within the trench. 12.
The method of Claim 11, wherein the preferentially
wetting material comprises a spin-on dielectric
material. 13. The method of Claim 1, further
comprising removing the preferentially wetting
material to expose the annealed block copolymer
material within the trench. 14. The method of Claim
13, wherein removing the preferentially wetting
material comprises separating the preferentially
wetting material from the annealed block copolymer
material. 15. The method of Claim 14, further
comprising, applying a solvent to the preferentially
wetting material to enhance removal. 16. The method of
Claim 13, wherein the preferentially wetting material
comprises an oxide material and removing the
preferential wetting material layer comprises applying
a fluoride-based etchant. 17. The method of Claim 1,
further comprising selectively removing the majority
polymer block to expose the half-cylindrical domains
and the substrate adjacent to said half-cylindrical
domains. 18. The method of Claim 1, further comprising
selectively removing polymeric material to expose the
substrate and forming a metal component of the
minority block into an inorganic metal material such
that said inorganic metal material forms a line on the
substrate. WHD\6426I31.1 2 8 o f 3319. L method of
forming a nanostructured polymer material on a
substrate, comprising: forming a block copolymer
material within a trench in a material layer overlying
the substrate, the trench having a width, a length, a
depth, a neutral wetting floor, and opposing sidewalls
and ends that are preferentially wetting to a minority
block of the block copolymer; applying a material
preferentially wetting to the minority block over and
in contact with the block copolymer material within
the trench; and causing a microphase separation in the
block copolymer material to form a half-cylinder
domain comprising the minority block of the block
copolymer in a matrix of a majority block of the block
copolymer, the half-cylinder domain polymer domain
oriented parallel to the trench floor and registered
to the sidewalls in a line extending the length of the
trench, the half-cylinder polymer domain having a face
situated on the neutral wetting trench floor. 20. The
method of Claim 19, wherein the trench has a width of
about 1.5-2 times the L value of the block copolymer,
and a single half-cylinder domain is formed within the
trench having a width of about 0.5*/,. 21. The method
of Claim 19, wherein the trench has a width greater
than about 2 times the L value of the block copolymer,
and two or more half-cylinder domains are formed
within the trench at a center-to-center distance of
about the L value of the block copolymer. 22. The
method of Claim 2 1, wherein the trench has a width of
about 3 or more times the L value of the block
copolymer. 23. The method of Claim 19, wherein the
neutral wetting floor comprises a blend of grafted
homopolymers. 24. A method of forming a nanostructured
polymer material on a substrate, comprising: forming a
self-assembling block copolymer material within a
trench in a material layer on the substrate, the
trench having a length, a neutral wetting floor, and
opposing sidewalls and ends that are preferentially
wetting to a minority block of the block copolymer;
applying an atmosphere preferentially wetting to the
minority block over and in contact with the block
copolymer material within the trench; and 



WHD\6426131.I 2 9 qf33annealing the block copolymer
material such that the block copolymer material
self-assembles into half-cylindrical domains of the
minority block of the block copolymer within a matrix
of a majority block of the block copolymer, the
half-cylindrical polymer domains oriented parallel to
the trench floor and extending the length of the
trench, the half-cylindrical domains having a face
oriented toward and wetting the neutral wetting trench
floor, and the minority block forming a layer over the
block copolymer material. 25. The method of Claim 24,
wherein the preferentially wetting atmosphere is
selected from the group consisting of clean dry air,
humid air, and a near-saturated solvent atmosphere.
26. A method of etching a substrate, comprising:
forming a self-assembling block copolymer material
within a trench in a material layer on the substrate,
the trench having a length, a neutral wetting floor,
and opposing sidewalls and ends that are
preferentially wetting to a minority block of the
block copolymer; applying a material preferentially
wetting to the minority block over and in contact with
the block copolymer material within the trench;
annealing the block copolymer material such that the
block copolymer material self-assembles into
half-cylindrical domains of the minority block of the
block copolymer within a matrix of a majority block of
the block copolymer, the half-cylindrical polymer
domains oriented parallel to the trench floor and
extending the length of the trench, the
halfcylindrical domains having a face oriented toward
and wetting the neutral wetting trench floor; further
comprising removing the preferentially wetting
material to expose the annealed block copolymer
material within the trench; selectively removing the
majority polymer block to expose the substrate wherein
at least at portion of the half-cylindrical domains
remains as a continuous line on said substrate; and
etching exposed portions of the substrate to form a
trench therein. 27. The method of Claim 26, wherein
the minority block comprises a metal, and removing the
majority block further comprises removing the minority
polymer block and forming the metal into an inorganic
metal material as a line on the substrate.28. The
method of Claim 26, further comprising filling the
trench with a fill material. 29. The method of Claim
28, wherein the fill material comprises a metal or a
metal alloy. 30. The method of Claim 28, wherein the
fill material comprises an insulator material. 31. A
method of etching a substrate, comprising: forming a
self-assembling block copolymer material within a
trench in a material layer on the substrate, the
trench having a length, a neutral wetting floor, and
opposing sidewalls and ends that are preferentially
wetting to a minority block of the block copolymer;
applying an atmosphere preferentially wetting to the
minority block over and in contact with the block
copolymer material within the trench; and annealing
the block copolymer material such that the block
copolymer material self-assembles into
half-cylindrical domains of the minority block of the
block copolymer within a matrix of a majority block of
the block copolymer, the half-cylindrical polymer
domains oriented parallel to the trench floor and
extending the length of the trench, the
half-cylindrical domains having a face oriented toward
and wetting the neutral wetting trench floor, and the
minority block forming a layer overlying the block
copolymer material. comprising removing said overlying
layer of the minority block to expose the annealed
block copolymer material within the trench;
selectively removing the majority polymer block to
expose the substrate wherein at least at portion of
the half-cylindrical domains remains as a continuous
line on said substrate; and etching exposed portions
of the substrate to form a trench therein. 32. A
polymeric material situated within a trench in a
material layer overlying a substrate, the trench
having sidewalls, ends, a floor, a width and a length,
the polymeric material comprising a self-assembled
block copolymer material comprising half-cylinder
polymer domains of a minority polymer block in a
matrix of a majority polymer block, the half-cylinder
polymer domains oriented parallel to the trench floor
and extending the length of the trench, the
half-cylindrical domains having a face situated on the
trench floor. WHD\6426131.1 3 1 o f 3 333. The
polymeric material of Claim 32, wherein the trench
floor comprises a neutral wetting material, and the
sidewalls and ends comprise a material preferentially
wetting to the minority polymer block. 34. The polymer
material of Claim 32, further comprising a material
preferentially wetting to the minority block overlying
the polymeric material. 35. The polymer material of
Claim 32, wherein the minority block selectively
comprises a metal. 


