
NUTRITIONAL SUPPLEMENT CONTAINING LONG-CHAIN
POLYUNSATURATED FATTY ACIDS CROSS-REFERENCE TO RELATED
PATENTS AND PATENT APPLICATIONS [0001] This
application is a continuation-in-part application and
claims the priority benefit of U.S. Patent Application
Serial No. 11/303,374, filed December 16, 2005.
BACKGROUND OF THE INVENTION (1) Field of the
Invention: [0002] The present invention relates to a
nutritional supplement, as a meal replacement or
snack, or as a nutrient for subjects suffering from
chronic illness, trauma, or failure to thrive that
contains a unique lipid blend including a level of DHA
supplementation and a low w-6:w-3 fatty acid ratio
relative to the typical western diet in order to
provide health benefits and/or to prevent adverse
health consequences. (2) Description of the Related
Art: [0003] Toddlers and children in developed
countries are notoriously picky eaters. These eating
habits coupled with poor parental food selection can
often result in children not receiving adequate levels
of key nutrients important to optimize growth and
development. One such nutrient is the w-3 long-chain
polyunsaturated fatty acid (LCPUFA), docosahexaenoic
acid (DHA). [0004] DHA has been shown to be important
for cognitive and visual development and accumulates
rapidly in the developing brain for at least the first
two years of life. To date, there is no nutritionally
complete product intended for children ages 1-12 that
contains an appropriate level of DHA supplementation.
This is due in part to limited information regarding
LCPUFA intake of weaning infants and toddlers or
potential benefits from the consumption of a diet
including w-3 LCPUFA in this age group.[0005] However,
a recent survey of dietary intakes in U.S. children 1-
12 years of age reported intakes of DHA are 30 mg/day
or less. Extrapolation of existing recommendations for
infants or adults to children in this age group
suggests that DHA intakes of 40-1 79 mg/day may be
desired to provide levels that have been shown to
promote health benefits, including optimal brain and
cardiovascular health and function in other age
groups. [0006] These results suggest that a "gap" of
up to 150 mg/day may exist between the typical level
of DHA intake in young children and what might be
considered a desirable level of supplementation.
Further, depending on the specific benefit,
efficacy-based levels may be as high as 500 mg/day for
some of these age groups. This is particularly
important when one considers that recommended DHA
levels in newborns and adults are designed to optimize
brain and cardiovascular health and function. To date,
however, no products have been brought to the market
that are specifically designed. to address this gap in
DHA intake for children ages 1-12. [0007] A
nutritionally complete product supplemented with an
appropriate level of DHA, in combination with an
appropriate blend of dietary oils, may also help to
address other growing health concerns. One of those
concerns is increasing the level of w-6 fatty acids
relative to w-3 fatty acids in the diet. [0008]
Currently, western diets contain a ratio of w-6:w-3
fatty acids of more than 15:1 . This change in fatty
acid consumption toward excessive intakes of w-6
polyunsaturated fatty acids (PUFAs) resulting in a
very high w-6: w-3 ratio has been implicated in the
pathogenesis of a variety of diseases including
cardiovascular, cancer, inflammatory, and autoimmune
diseases. In children, a greater number of behavior
problems, temper 



tantrums, sleep problems, learning detriments, and
health problems have been reported in subjects with
lower total w-3 fatty acid concentrations,
underscoring the need for adequate w-3 fatty acid
nutrition in children.[0009] There is a growing body
of scientific evidence indicating the health benefits
of a lower w-6:w-3 fatty acid ratio, including immune
function, cardiovascular, bone, and mental health
benefits. In particular, studies suggest that an
w-6:w-3 ratio of less than 6:1 may be associated with
health benefits, whereas a ratio of 10:1 or greater
may be associated with adverse health effects. Various
federal agencies and scientific organizations are
placing an increased emphasis on increasing w-3 fats
in the diet. [00010] Available nutritionally complete
children's products are currently used for
supplemental nutrition, a meal replacement or snack,
or for chronic illness, injury, trauma, or failure to
thrive in young children. These products are generally
formulas that focus on providing complete nutrition in
pleasant tasting formulations to help promote patient
acceptance and compliance. For example, Enfamil(r)
Kindercal(r) (Mead Johnson, Evansville, IN), is
intended to provide nutrition for children ages 1 to
10 years of age who require supplemental nutrition, a
meal replacement, or a snack, or complete nutrition
for chronic illness, injury, or failure to thrive. The
currently marketed Kindercal(r) supplement has an
w-6:w-3 ratio of about 5:1 , but does not contain DHA.
Pediasure(r) (Ross Products Division, Abbott
Laboratories, Columbus, OH) is designed for children 1
to 10 years of age whose nutrient needs are increased
or who may be undernourished due to illness or poor
appetite. Likewise, Pediasure(r) does not contain DHA.
However, Pediasure(r) has an w-6:w-3 fatty acid ratio
of approximately 10.8:1 . [00011] While each of these
products is designed to supplement the diet of
children who are picky eaters or to sustain the
chronically ill pediatric patient, opportunities still
exist to improve upon the composition of these
formulas by optimizing the lipid composition to
provide an evidence-based level of DHA in combination
with an appropriate oil blend to maintain a low
w-6:w-3 fatty acid ratio in order to optimize brain
development and function and cardiovascular
health.[00012] Because of the problems associated with
current nutritional products, improvements have been
sought in several reported nutritional supplements.
These supplements, however, do not adequately address
all of the health problems that arise from diets that
are lacking in LCPUFAs and/or have high ratios of w-6
fatty acids relative to w-3 fatty acids. [00013] For
example, W02003043445 to Cary, et a/., discloses a
processed baby food useful for supplementing the diet
of a child with precursors for the synthesis of
arachidonic acid and DHA comprising a blend of
linoleic acid and alpha-linolenic acid. Because this
supplement only incorporates the precursors of
LCPUFAs, it, therefore, lacks DHA. The described
invention also specifies a relatively high w-6 fatty
acid:w-3 fatty acid ratio of 7:1 to 12:1 . [00014]
W0200215719 to Fuchs, era/., discloses a composition
for a nutritional supplement for a sick patient with a
lipid source providing at least 18% of the total
calories. The lipid source has an w-6:w-3 fatty acid
ratio of approximately 1:1 to 10:1 . However, the
supplement lacks DHA. [00015] U.S. Patent App. Nos.
20030000391 and 20030185941 to Highman, et ai,
disclose an organic nutritional beverage containing at
least one of eicosapentaenoic acid (EPA) and DHA.
Arachidonic and linolenic acids (w-6 fatty acids) are
also useful fatty acids in the beverage according to
the invention. The applications do not disclose any
particular ratio of w-6:w-3 fatty acids that are
present in the beverage. [00016] W02001 047377 to
Myhre discloses a nutritional liquid preparation
containing oil mixed with an aqueous phase in order to
improve freshness of the product. The nutritional
liquid also has a high 



ratio of w-6:w-3 fatty acids. [00017] U.S. Patent No.
5,902,797 to Bell, et a/., discloses a nutritional
supplement containing carbohydrate, protein, and fat,
useful for an individual with suppressed appetite. DHA
is not disclosed as a part of the supplement.[00018]
From the foregoing, it can be seen that a need exists
for improved nutritional supplements that contain
protein, carbohydrate and lipid sources that include a
meaningful level of DHA, yet have lower overall ratios
of w-6 fatty acids to w-3 fatty acids. Likewise,
nutritional compositions that provide health benefits
and/or prevent adverse health consequences in children
would also be desirable. Finally, compositions that
are capable of providing the special nutritional
requirements of children that suffer from chronic
illness, injury, trauma, or failure to thrive would
also be desirable. SUMMARY OF THE INVENTION [00019]
Briefly, the invention is directed to a novel
nutritional composition comprising a protein
component; a carbohydrate component; and a fat or
lipid component, which further comprises a source of
DHA, wherein the supplement has an w-6:w-3 fatty acid
ratio of about 6:1 or less. [00020] Another aspect of
the invention relates to a method of providing
nutrition to a subject comprising administering to the
subject a nutritional supplement comprising a protein
component; a carbohydrate component; and a fat or
lipid component, which further comprises a source of
DHA, wherein the supplement has an w-6:w-3 fatty acid
ratio of about 6:1 or less. [00021] In some
embodiments, the nutritional supplement is a
nutritionally complete supplement. For example, the
nutritional supplement may be suitable as the
exclusive source of caloric intake for the subject, or
it may be optionally complemented with animal milk,
human milk and/or other infant milks initially, and/or
with solid foods or beverages later. [00022] The lipid
blend of the present invention offers an improvement
in the w-6 to w-3 fatty acid ratio in comparison to
conventional nutritional supplements and current
nutritionally complete supplements. For example, the
invention disclosed herein, in some embodiments,
contains aunique lipid blend including a DHA-rich oil
source, canola oil, high oleic sunflower oil, corn
oil, soy oil and medium-chain triglyceride (MCT) oil
that provides an appropriate level of DHA
supplementation, and a low w-6:w-3 fatty acid ratio
relative to the typical western diet in order to
provide health benefits and/or to prevent adverse
health consequences. [00023] Therefore, the present
invention provides an improved nutritional supplement
that comprises protein, carbohydrate and lipid sources
that include a meaningful level of DHA, yet has lower
overall ratios of w-6 fatty acids to w-3 fatty acids.
Likewise, the present invention provides a nutritional
supplement that provides health benefits and/or
prevents adverse health consequences in children.
Finally, the present invention provides methods and
compositions that are capable of supplying the special
nutritional requirements of children that suffer from
chronic illness, injury, trauma, or failure to thrive.
DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS [00024]
Reference now will be made in detail to the
embodiments of the invention, one or more examples of
which are set forth below. Each example is provided by
way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those
skilled in the art that various modifications and
variations can be made in the present invention
without departing from the scope or spirit of the
invention. For instance, features illustrated or
described as part of one embodiment can be used on
another embodiment to yield a still further
embodiment. Thus, it is 



intended that the present invention cover such
modifications and variations as come within the scope
of the appended claims and their equivalents. Other
objects, features and aspects of the present invention
are disclosed in or are obvious from the following
detailed description. It is to be understood by one of
ordinary skill in the art that the present discussion
is a description of exemplary embodiments only, and is
not intended as limiting the broader aspects of the
present invention. [00025] In accordance with the
present invention, it has beendiscovered that a
pediatric nutritional supplement can be provided in a
ready-to-use nutritionally complete form by admixing
proteins, lipids, and carbohydrates into a composition
in proportions that are appropriate for children. For
example, in one embodiment, the present invention
provides a nutritional supplement comprising a protein
component, a carbohydrate component, and a lipid
component that comprises a source of DHA, wherein the
supplement has an w-6:w-3 fatty acid ratio of about
6:1 or less. [00026] In some embodiments, the
nutritional supplement is a nutritionally complete
pediatric supplement. As used herein, the terms
"pediatric" and "children" refer to human subjects
that are between the ages of 9 months and thirteen
years old, and in some embodiments, more specifically
to children between the ages of one and twelve years
old. In a particular embodiment, the children are
between the ages of one and ten years old. [00027] As
used herein, the term "nutritionally complete" refers
to a nutritional supplement that may be used as the
sole source of nutrition, which would supply to a
subject essentially all the required daily amounts of
vitamins, minerals and/or trace elements in
combination with the proteins, carbohydrates and
lipids. [00028] Advantageously, the present invention
provides a benefit over conventional nutritional
supplements in that the combination of the lipid blend
with a meaningful level of DHA results in an w-6:w-3
fatty acid ratio of about 6:1 or less. For example,
the w-6:w-3 ratio of such conventional products as
PediaSure(r) is approximately 11:1 . While not
intended to be limiting, it is believed that
nutritional intake of lower overall ratios of w-6 to
w-3 fatty acids may provide certain health benefits,
including, but not limited to, improved immune
function, cardiovascular improvement, prevention or
treatment of asthma and other respiratory illnesses,
bone strength, and various mental health benefits.
[00029] Though not wishing to be bound to this or any
theory, it isbelieved that the present invention may
have additional benefits over convention nutritional
supplements as it relates to its effect on
intracellular phosphatidylserine (PS) concentrations.
PS is a phospholipid that is essential to the
functioning of all the cells of the body, but is
particularly concentrated in the brain. PS has been
shown to have particular benefits in terms of mind and
memory enhancement. It is believed that DHA can
modulate PS levels in vivo and in vitro, as it has
been shown that PS levels directly correlate with DHA
content in neuronal cells. Akbar, Mohammed, et a!.,
Docosahexaenoic Acid: A Positive Modulator of Akt
Signaling in Neuronal Survival, PNAS 102(3 1):10858-
10863 (August 2005). Considering the well-established
notion that changes in the phospholipid proportion are
not easily introduced, modulation of PS by DHA appears
to be a unique mechanism. Id. [00030] Trace amounts of
PS can be found in lecithin. In certain embodiments of
the invention, the nutritional supplement contains
both lecithin and DHA. In this combination, it is
likely that DHA increases the intracellular
concentration of PS. As such, the present invention
may be especially helpful in improving brain function,
memory, verbal ability, mood, sociability, stress,
attention deficit disorders, and/or hyperactive
disorders. 



[00031] The nutrient profile of the present invention
may be, in one embodiment, designed primarily for the
pediatric subject who cannot or will not consume
adequate nutrition through traditional dietary
sources. For example, the nutritional supplement can
be used as a pediatric nutritional supplement for
children who are "picky-eaters", as a meal replacement
(e.g., nutritionally complete) or snack, or for
providing the special nutritional requirements of
children that suffer from chronic illness, injury,
trauma, or failure to thrive. Likewise, the
nutritional supplement described herein can be used as
a nutritional supplement for convalescing children
recovering from illness or surgery, those with limited
appetite, anorexicchildren, bulimic children and for
those children which have impaired ability to digest
other sources of nutrition. [00032] The nutritional
supplement may further comprise vitamins and minerals
in amounts sufficient to supply the daily nutritional
requirements of children between one and thirteen
years old, and in some embodiments, the amounts may be
selected according to FDA guidelines. The nutritional
supplement may also contain other ingredients such as
antioxidants, emulsifiers, stabilizers, preservatives,
fiber, coloring agents, flavoring agents such as
sweeteners, and other dietary supplements. [00033] In
one embodiment, the present invention also encompasses
a method of providing nutrition to a subject
comprising administering to the subject a nutritional
supplement comprising a protein component, a
carbohydrate component, and a lipid component that
comprises a source of DHA, wherein the nutritional
supplement has an w-6:w-3 fatty acid ratio of about
6:1 or less. In some embodiments, the subject is a
pediatric subject. [00034] Suitable carbohydrates,
lipids and proteins can vary widely and are well known
to those skilled in the art of making pediatric
nutritional supplements. Selection of one or more of
the ingredients described herein can be a matter of
formulation design or consumer and end-user
preferences. For purposes of expediency, several
ingredients that are suitable for use with methods and
compositions of the present invention are described in
further detail below. However, the present invention
should not be construed as being limited to any one of
the specific ingredients listed herein, since one of
skill in the art will readily understand that many
suitable ingredients other than the ones described
herein could be used in addition to or in lieu
thereof. [00035] One component of the methods and
compositions of the present invention is one or more
carbohydrates. As used herein, the term "carbohydrate"
or "carbohydrates" refers to both simple carbohydrates
(Ae., monosaccharides and disaccharides) and complex
carbohydrates(i.e., polysaccharides). [00036] The
nutritional supplement of the present invention
encompasses any source of carbohydrates that may be
naturallyoccurring, synthetic, or developed through
the genetic manipulation of organisms, whether such
new source is now known or later developed. For
example, sources of carbohydrates that are suitable
for use with the methods and compositions of the
present invention can include, but are not limited to,
corn syrup solids; maltodextrin; sugars such as
glucose, fructose, dextrose, lactose, galactose,
saccharides, sucrose, and maltose; sugar alcohols such
as sorbitol, mannitol and xylitol; syrups such as
maltitol, corn syrup, rice syrup and high fructose
corn syrup; and mixtures thereof. [00037] Commercial
sources for the carbohydrates listed above are readily
available and known to one practicing the art. For
example, corn syrup solids are available from Cerestar
USA, Inc. in Hammond, Ind. Glucose and rice based
syrups are available from California Natural Products
in Lathrop, Calif. Various corn syrups and high
fructose corn syrups are available from Cargil in
Minneapolis, Minn. Fructose is 



available from A.E. Staley in Decatur, III. [00038] In
addition to the carbohydrates described above, the
nutritional supplement described herein can also
contain artificial sweeteners, e.g., sucralose,
saccharine, cyclamates, aspartamine, aspartame,
acesulfame K and/or sorbitol. Such artificial
sweeteners can be desirable if the nutritional
supplement is intended for an overweight subject, or a
subject with type Il diabetes who is prone to
hyperglycemia. The nutritional supplement of the
present invention encompasses any source of artificial
sweeteners that may be naturally-occurring, synthetic,
or developed through the genetic manipulation of
organisms, whether such new source is now known or
later developed. [00039] Another component of the
methods and compositions of the present invention is
one or more proteins. As used herein, the
term"protein" or "proteins" refers to organic
compounds that comprise amino acids joined by peptide
bonds. [00040] The nutritional supplement of the
present invention encompasses any source of protein
that may be naturally-occurring, synthetic, or
developed through the genetic manipulation of
organisms, whether such new source is now known or
later developed. For example, sources of proteins that
are suitable for use with the methods and compositions
of the present invention can include, but are not
limited to any suitable protein utilized in
nutritional formulations including milk protein, milk
protein concentrate, whey protein, whey protein
concentrate, whey powder, lactalburnen, egg proteins
(e.g., albumin), soy protein, soy protein isolate,
rice protein, beef collagen, pea protein, potato
protein, casein, caseinate (e.g., sodium caseinate,
sodium calcium caseinate, calcium caseinate, potassium
caseinate), animal (e.g., beef and fish), and mixtures
thereof. [00041] Proteins that are suitable for use
with the methods and compositions of the present
invention can also include hydrolyzed proteins. As
used herein, the term "hydrolyzed proteins" or
"protein hydrolysates" means protein which has been
processed or treated in a manner intended to break one
or more peptide (amide) bonds. Such hydrolyzed peptide
fragments and free amino acids are more easily
digested. The breakage of amide bonds may occur
unintentionally or incidentally during manufacture,
for example due to heating or shear. [00042] Suitable
protein hydrolysates include, but are not limited to,
soy protein hydrolysate, casein protein hydrolysate,
whey protein hydrolysate, rice protein hydrolysate,
potato protein hydrolysate, fish protein hydrolysate,
egg albumen hydrolysate, gelatin protein hydrolysate,
a combination of animal and vegetable protein
hydrolysates; and mixtures thereof. [00043] In some
embodiments, the protein may also be provided in the
form of free amino acids. Free amino acids may be
added to thesupplement in addition to the protein
component. Examples of suitable free amino acids
include, but are not limited to, histidine,
isoleucine, leucine, lysine, methionine, cysteine,
phenylalanine, tyrosine, threonine, tryptophan,
valine, alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, proline, serine,
carnitine, taurine and mixtures thereof. In other
embodiments, small amino acid peptides may be included
as the protein of the present invention. Such small
amino acid peptides may be naturally occurring or
synthesized. [00044] In certain aspects of the present
invention, the protein component comprises a milk
protein concentrate, which is a blend of casein and
whey protein. In some embodiments, the protein
component comprises a blend of casein and whey,
wherein the ratio of casein to whey is about 8:2.
[00045] Another component of the methods and
compositions of the present invention is one or more
lipids. As used herein, the term "lipid" or 



"lipids" refers to fatty or oily organic compounds.
The term "lipid" encompasses all fatty acid-type
compounds. Lipids can be classified as either
saturated, polyunsaturated, or monounsaturated.
[00046] Sources of lipids that are suitable for use
with the methods and compositions of the present
invention include, but are not limited to, coconut
oil, fish oil (e.g., menhaden oil, sardine oil), nut
oils (e.g., hazelnut oil, walnut oil, brazil nut oil,
chestnut oil, peanut oil), pumpkin seed oil, rice bran
oil, sesame seed oil, soy oil, soya oil, corn oil,
safflower oil, evening primrose oil, rapeseed oil,
olive oil, flaxseed (linseed) oil, cottonseed oil,
high oleic safflower oil, palm stearin, soy lecithin,
macadamia oil, MCT oil (medium chain triglyceride),
sunflower oil, high oleic sunflower oil, palm oil,
palm olein, palm kernel oil, canola oil, dairy fat
(e.g., milk fat, butter, butter fat), wheat germ oil,
whole grain oil, and mixtures thereof. [00047] In some
embodiments of the present invention, the lipid
component comprises a blend of several different types
of lipids. For example, the nutritional supplement may
comprise a blend of at least onesource of linoleic
acid (an w-3 fatty acid) and at least one source of a-
linolenic acid (an w-6 fatty acid). At least one
source of DHA (an w-3 fatty acid) is also present in
the nutritional supplement of the present invention.
[00048] In certain aspects of the present invention,
the types of lipids and the amount of lipids in the
blend may be chosen so that the nutritional supplement
has an w-6:w-3 fatty acid ratio of about 6:1 or less,
about 5:1 or less, about 4:1 or less, about 3:1 or
less, about 2:1 or less, or about 1:1 or less. In some
embodiments, the nutritional supplement may simply
have an w-6:w-3 fatty acid ratio of about 6:1 or less.
In further embodiments, the nutritional supplement may
have an w-6:w-3 fatty acid ratio somewhere in the
range of between about 1:1 and 6:1 , or between about
3:1 and about 6:1 . In even further embodiments, the
nutritional supplement may have an w-6:w-3 fatty acid
ratio within the range of between about 5:1 and about
6:1 . In still other embodiments, the nutritional
supplement may have an w-6:w-3 fatty acid ratio of
about 6:1 . In still further embodiments, the
nutritional supplement may have an w- 6:w-3 fatty acid
ratio of about 5:1 . [00049] For example, in certain
aspects of the present invention, the nutritional
supplement comprises a blend of 1) at least one source
of the w-3 fatty acid, linoleic acid, 2) at least one
source of the w-6 fatty acid, a- linolenic acid, and
3) at least one source of the w-3 fatty acid, DHA,
wherein the ratio of the amount of total w-6 fatty
acid to the amount of total w-3 fatty acid is about
6:1 or less. [00050] Suitable sources of oils rich in
linoleic acid include, but are not limited to,
sunflower oil, cottonseed oil, walnut oil, soybean
oil, whole grain oil, wheat germ oil, chestnut oil,
pumpkin seed oil, sesame oil, brazilnut oil, peanut
oil, safflower oil, com oil, animal fat, and mixtures
thereof. [00051] Suitable sources of oils rich in
a-linolenic acid include, but are not limited to,
linseed oil (or flaxseed oil), canola oil, soybean
oil, walnut oil, wheat germ oil, and mixtures thereof.
[00052] Suitable sources of DHA include, but are not
limited to, dairyproducts like eggs (e.g., egg yolk
oil) and butterfat; marine or fish oils, such as cod,
salmon, menhaden, sardine, tuna and many other fish;
brain lipids, animal fats (e.g., beef and chicken
fat), animal organs, lard, tallow; and microbial oils
such as fungal and algal oils described in detail in
U.S. Patent Nos. 5,347,657; 5,550,156; and 5,658,767.
Each of the aforesaid U.S. patents is incorporated
herein in its entirety by reference thereto. [00053]
DHA that is suitable for use with the present
invention may be isolated from any single-celled
organism that contains a significant amount of DHA.
This would include various oleaginous fungi, various
algae (especially members of the class Dinophyceae,
Bacillariophyceae, Chlorophyceae, Prymnesiophyceae and
Euglenophyceae), as well as organisms of uncertain
taxonomic status such as Thraustochytrium or 



Schizochytrium. Suitable processes for producing
DHA-containing lipids from Thraustochytrium or
Schizochytrium are provided in U.S. Pat. No.
5,130,242, which is incorporated herein in its
entirety by reference thereto. [00054] Algal oils such
as those from dinoflagellates of the class
Dinophyceae, notably Crypthecodinium cohnii may be
suitable sources of DHA (including DHASCO(tm) and
DHASCO-S(tm)), as taught in U.S. Patent Nos. 5,397,591
; 5,407,957; 5,492,938; and 5,71 1,983, all of which
are incorporated herein in their entireties by
reference thereto. For example, Crypthecodinium cohnii
has been manipulated to produce very high levels of
DHA. This organism may be cultivated at a large scale
and the biomass can be used for the production of a
DHA-containing oil. Suitable processes for producing a
DHA-containing biomass from C. cohnii are provided in
U.S. Pat. Nos. 5,397,591 and 5,492,938, each of which
is incorporated herein in its entirety by reference
thereto. [00055] The nutritional supplement of the
present invention also encompasses any new source of
DHA that may be developed synthetically or through
genetic manipulation of organisms, such as vegetables
and/or oil bearing plants. For example, desaturase and
elongase genes have been identified from many
organisms and these could be engineered intoplant or
other host cells to cause them to produce large
quantities of DHAcontaining lipids at a low cost.
Therefore, the use of such synthetic or recombinant
DHA-containing lipids is contemplated in the present
invention. [00056] In certain aspects of the present
invention, the nutritional supplement comprises a
blend of sources of lipids comprising two or more of
canola oil, soybean oil, high oleic sunflower (HoSun)
oil, medium chain triglyceride (MCT) oil, corn oil,
and in certain aspects of the present invention, the
blend comprises a blend of all five of these oils. In
other aspects, the blend of sources of lipids
comprises a blend of canola oil, soybean oil, high
oleic sunflower oil, medium chain triglyceride (MCT)
oil, and corn oil; and in combination with DHA oil,
provides the nutritional supplement with an w-6:w-3
fatty acid ratio of about 6:1 or less. [00057] In
certain aspects of the present invention, the
nutritional supplement may also contain other
ingredients in addition to the carbohydrates,
proteins, lipids, and DHA described previously, such
as one or more vitamins, minerals, antioxidants,
fibers, flavoring agents, coloring agents,
preservatives, emulsifiers, and other dietary
supplements, and mixtures thereof. [00058] The methods
and compositions of the present invention may
optionally include one or more of the following
vitamins or derivatives thereof, including, but not
limited to, biotin, vitamin B-i, thiamin, thiamin
pyrophosphate, vitamin B2, riboflavin, flavin
mononucleoride, flavin adenine dinucleotide,
pyridoxine hydrochloride, thiamin mononitrate, folic
acid, vitamin B3, niacin, nicotinic acid,
nicotinamide, niacinamide, nicotinamide adenine
dinucleotide, tryptophan, biotin, pantothenic acid,
vitamin B6 vitamin Bi2, cobalamin, methylcobalamin,
deoxyadenosylcobalamin, cyanocobalamin, calcium
pantothenate, pantothenic acid, vitamin C, ascorbic
acid, vitamin A, retinol, retinal, retinoic acid,
beta-carotene, vitamin D vitamin D3, calciferol,
cholecalciferol, dihydroxy vitamin D,
1,25-dihydroxycholecalciferol, 7-dehyrdocholesteroli
choline, vitamin E, vitamin E acetate, vitamin K,
menadione, menaquinone, phylloquinone, naphthoquinone,
and mixtures thereof. [00059] The methods and
compositions of the present invention may optionally
include one or more of the following minerals or
derivatives thereof, including, but not limited to,
phosphorus, potassium, sulfur, sodium, docusate
sodium, chloride, manganese, magnesium, magnesium
stearate, magnesium carbonate, magnesium oxide,
magnesium hydroxide, magnesium sulfate, copper, cupric
sulfate, iodide, boron, zinc, zinc oxide, 



chromium, molybdenum, iron, carbonyl iron, ferric
iron, ferrous fumarate, polysaccharide iron, fluoride,
selenium, molybdenum, calcium phosphate or acetate,
potassium phosphate, magnesium sulfate or oxide,
sodium chloride, potassium chloride or acetate, ferric
orthophosphate, alphatocopheryl acetate, zinc sulfate
or oxide, copper gluconate, chromium chloride or
picolonate, potassium iodide, sodium selenate, sodium
molybdate, phylloquinone, cyanocobalamin, sodium
selenite, copper sulfate, inositol, potassium iodide,
cobalt, and mixtures thereof. Nonlimiting exemplary
derivatives of mineral compounds include salts,
alkaline salts, esters and chelates of any mineral
compound. [00060] The minerals can be added in the
form of salts such as calcium phosphate, calcium
glycerol phosphate, sodium citrate, potassium
chloride, potassium phosphate, magnesium phosphate,
ferrous sulfate, zinc sulfate, cupric sulfate,
manganese sulfate, and sodium selenite. Additional
vitamins and minerals can be added as known within the
art. [00061] The methods and compositions of the
present invention may optionally include one or more
of the following flavoring agents, including, but not
limited to, flavored extracts, volatile oils, cocoa or
chocolate flavorings, peanut butter flavoring, cookie
crumbs, vanilla or any commercially available
flavoring. Examples of useful flavorings include, but
are not limited to, pure anise extract, imitation
banana extract, imitation cherry extract, chocolate
extract, pure lemon extract, pure orange extract,pure
peppermint extract, imitation pineapple extract,
imitation rum extract, imitation strawberry extract,
or vanilla extract; or volatile oils, such as balm
oil, bay oil, bergamot oil, cedarwood oil, cherry oil,
cinnamon oil, clove oil, or peppermint oil; peanut
butter, chocolate flavoring, vanilla cookie crumb,
butterscotch, toffee, and mixtures thereof. The
amounts of flavoring agent can vary greatly depending
upon the flavoring agent used. The type and amount of
flavoring agent can be selected as is known in the
art. [00062] The methods and compositions of the
present invention may optionally include one or more
emulsifiers that may be added for stability of the
final product. Examples of suitable emulsifiers
include, but are not limited to, lecithin (e.g., from
egg or soy), and/or mono- and di-glycerides, and
mixtures thereof. Other emulsifiers are readily
apparent to the skilled artisan and selection of
suitable emulsifier(s) will depend, in part, upon the
formulation and final product. [00063] The methods and
compositions of the present invention may optionally
include one or more preservatives that may also be
added to the nutritional supplement to extend product
shelf life. Suitable preservatives include, but are
not limited to, potassium sorbate, sodium sorbate,
potassium benzoate, sodium benzoate, and calcium
disodium EDTA, and mixtures thereof. [00064] The
methods and compositions of the present invention may
optionally include one or more sources of fiber,
including, but not limited to, soy fiber, pea hull
fiber, soy hull fiber, gum acacia, and mixtures
thereof. The nutritional supplement of the present
invention encompasses any source of fibers that may be
naturally-occurring, synthetic, or developed through
the genetic manipulation of organisms, whether such
new source is now known or later developed. [00065]
The methods and compositions of the present invention
may optionally include one or more stabilizers.
Suitable stabilizers for use in the methods and
compositions of the present invention, include, but
are not limited to, gum arabic, gum ghatti, gum
karaya, gum tragacanth, agar,furcellaran, guar gum,
gellan gum, locust bean gum, pectin, low methoxyl
pectin, gelatin, microcrystalline cellulose, CMC
(sodium carboxymethylcellulose), methylcellulose
hydroxypropyl methyl cellulose, hydroxypropyl
cellulose, DATEM (diacetyl tartaric acid esters of
mono- and diglycerides), dextran, carrageenans, and
mixtures thereof. [00066] Except for the amounts of
w-3 and w-6 fatty acids, the various 



amounts of the aforementioned ingredients that may be
added to the nutritional supplements of the present
invention can be chosen as is known in the art.
[00067] For example, carbohydrates are present in the
nutritional supplements of the present invention in an
amount that can range from about 1 gram (g)/100
kilocalories (kcal) to about 50 g/100 kcal. In other
embodiments, the amount of carbohydrate can range from
about 5 g/100 kcal to about 25 g/100 kcal. In still
other embodiments, the amount of carbohydrate can
range from about 10 g/1 00 kcal to about 15 g/1 00
kcal. In some embodiments, the amount of carbohydrate
that is present in the nutritional supplements of the
present invention can be about 12.8 g/100 kcal.
[00068] Proteins are present in the nutritional
supplements of the present invention in an amount that
can range from about 0.1 g/100 kcal to about 20 g/100
kcal. In other embodiments, the amount of protein can
range from about 0.5 g/100 kcal to about 10 g/100
kcal. In still other embodiments, the amount of
protein can range from about 1 g/100 kcal to about 5
g/100 kcal. In some embodiments, the amount of protein
that is present in the nutritional supplements of the
present invention can be about 2.8 g/ 100 kcal.
[00069] Lipids are present in the nutritional
supplements of the present invention in an amount that
can range from about 0.1 g/100 kcal to about 50 g/100
kcal. In other embodiments, the amount of lipid can
range from about 1 g/100 kcal to about 20 g/100 kcal.
In still other embodiments, the amount of lipid can
range from about 2 g/100 kcal to about 10 g/100
kcal.In some embodiments, the amount of lipid that is
present in the nutritional supplements of the present
invention can be about 4.2 g/ 100 kcal. [00070] When
the source of lipids comprises linoleic acid, the
amount of linoleic acid present in the nutritional
supplements of the present invention can range from
about 0.1 g/100 kcal to about 20 g/100 kcal. In other
embodiments, the amount of linoleic acid can range
from about 0.5 g/100 kcal to about 5 g/100 kcal or the
amount can range from about 0.75 g/100 kcal to about 2
g/100 kcal. In still other embodiments, the amount of
linoleic acid can be about 1 g/100 kcal. [00071] When
the source of lipids comprises a-linolenic acid, the
amount of a-linolenic acid present in the nutritional
supplements of the present invention can range from
about 0.01 g/100 kcal to about 10 g/100 kcal. In other
embodiments, the amount of a-linolenic acid can range
from about 0.05 g/100 kcal to about 1 g/100 kcal or
the amount can range from about 0.1 g/100 kcal to
about 0.2 g/100 kcal. In still other embodiments, the
amount of a-linolenic acid can be about 0.16 g/100
kcal. [00072] The amount of DHA present in the
nutritional supplements of the present invention can
range from 0.1 milligram (mg)/100 kcal to about 1
g/100 kcal. In other embodiments, the amount of DHA
can range from about 1 mg/1 00 kcal to about 200 mg/1
00 kcal or the amount can range from about 5 mg/1 00
kcal to about 50 mg/1 00 kcal. In still other
embodiments, the amount of DHA can range from about
7.5 mg/1 00 kcal to about 25 mg/1 00 kcal. In certain
aspects of the present invention, the amount of DHA
can be about 17 mg/1 00 kcal. The amount of DHA
present in the nutritional supplements of the present
invention may vary within a wide range based on the
caloric content of the supplement. [00073] In some
embodiments, the amount of DHA present in the
nutritional supplements and methods described herein
may comprise a meaningful level of DHA. As used
herein, the terms "meaningful level" or "meaningful
levels" refer to an amount of DHA that can provide a
health benefit to at least one of the subjects
described herein no matter howslight the benefit. Such
health benefits may include, but are not limited to,
increased dietary intakes, enhanced physical growth,
improved brain and/or ocular development, improved
immune health ad function, and 



improved cardiovascular health and function. [00074]
In other aspects of the present invention, the
nutritional supplement may comprise a blend of sources
of lipids comprising in % w/w of the total lipid
component of between about 10% and about 50 % canola
oil, between about 5% and about 40% soybean oil,
between about 5% and about 40% high oleic sunflower
oil, between about 5% and about 40% medium chain
triglyceride (MCT) oil, between about 1% and about 20%
com oil, and between about 0.1% and about 10% of a
source of DHA. In one embodiment, the aforementioned
nutritional supplement has an w-6: w-3 fatty acid
ratio of about 6:1 or less. [00075] The term "weight
percentages" and the acronym "wt. %" or "w/w" as used
herein refer to weight percentages based on the total
weight of either one component of the nutritional
supplement, which will be specified, or it will based
on the nutritional supplement in its final form with
all ingredients added. [00076] In still other aspects
of the present invention, the nutritional supplement
of the present invention may comprise a blend of
sources of lipids comprising in % w/w of the total
lipid component of about 29.3% canola oil, about 20.7%
soy oil, about 20.5% high oleic sunflower oil, about
19.8% medium chain triglyceride oil, about 8.8% corn
oil, and about 0.9% of a source of DHA. In another
embodiment, the aforementioned nutritional supplement
has an w-6: w-3 fatty acid ratio of about 6:1 or less.
[00077] When vitamin A is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 1 mcg/100
kcal to about 500 mcg/100 kcal. More advantageously,
the vitamin A can be present in the methods and/or
compositions of the present invention in an amount of
about 70 mcg/100 kcal. [00078] When vitamin D is
present in the methods and/or compositionsof the
present invention, it is advantageously present in a
range of about 0.1 mcg/100 kcal to about 100 mcg/100
kcal. More advantageously, the vitamin D can be
present in the methods and/or compositions of the
present invention in an amount of about 1.24 mcg/100
kcal. [00079] When vitamin E is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mg to
about 100 mg. More advantageously, the vitamin E can
be present in the methods and/or compositions of the
present invention in an amount of about 2.36 mg.
[00080] When vitamin K is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mcg/100
kcal to about 100 mcg/100 kcal. More advantageously,
the vitamin K can be present in the methods and/or
compositions of the present invention in an amount of
about 5.4 mcg/100 kcal. [00081] When vitamin Bi is
present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.01 mg/100 kcal to about 10 mg/100
kcal. More advantageously, the vitamin Bi can be
present in the methods and/or compositions of the
present invention in an amount of about 0.16 mg/100
kcal. [00082] When vitamin B2 is present in the
methods and/or compositions of the present invention,
it is advantageously present in a range of about 0.01
mg/100 kcal to about 10 mg/100 kcal. More
advantageously, the vitamin B2 can be present in the
methods and/or compositions of the present invention
in an amount of about 0.2 mg/100 kcal. [00083] When
vitamin Be is present in the methods and/or
compositions of the present invention, it is
advantageously present in a range of about 0.01 mg/100
kcal to about 10 mg/100 kcal. More advantageously, the
vitamin B6 can be present in the methods and/or
compositions of the present invention in an amount of
about 0.2 mg/1 00 kcal. [00084] When vitamin B12 is
present in the methods and/or 



compositions of the present invention, it is
advantageously present in arange of about 0.01 mcg/100
kcal to about 10 mcg/100 kcal. More advantageously,
the vitamin B12 can be present in the methods and/or
compositions of the present invention in an amount of
about 0.56 mcg/100 kcal. [00085] When niacin is
present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.1 mg/100 kcal to about 100 mg/100
kcal. More advantageously, the niacin can be present
in the methods and/or compositions of the present
invention in an amount of about 2.45 mg/100 kcal.
[00086] When folic acid is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mcg/100
kcal to about 500 mcg/100 kcal. More advantageously,
the folic acid can be present in the methods and/or
compositions of the present invention in an amount of
about 20 mcg/100 kcal. [00087] When pantothenic acid
is present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.1 mg/100 kcal to about 100 mg/100
kcal. More advantageously, the pantothenic acid can be
present in the methods and/or compositions of the
present invention in an amount of about 1.24 mg/100
kcal. [00088] When biotin is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mcg/100
kcal to about 100 mcg/100 kcal. More advantageously,
the biotin can be present in the methods and/or
compositions of the present invention in an amount of
about 15.2 mcg/100 kcal. [00089] When vitamin C is
present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.01 mg/100 kcal to about 1 g/100 kcal.
More advantageously, the vitamin C can be present in
the methods and/or compositions of the present
invention in an amount of about 23.2 mg/100 kcal.
[00090] When choline is present in the methods and/or
compositions ofthe present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 500 mg/100 kcal. More advantageously,
the choline can be present in the methods and/or
compositions of the present invention in an amount of
about 25.2 mg/100 kcal. [00091] When inositol is
present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.1 mg/100 kcal to about 500 mg/100
kcal. More advantageously, the inositol can be present
in the methods and/or compositions of the present
invention in an amount of about 6.8 mg/100 kcal.
[00092] When taurine is present in the methods and/or
compositions of the present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 500 mg/100 kcal. More advantageously,
the taurine can be present in the methods and/or
compositions of the present invention in an amount of
about 6 mg/100 kcal. [00093] When carnitine is present
in the methods and/or compositions of the present
invention, it is advantageously present in a range of
about 0.1 mg/100 kcal to about 500 mg/100 kcal. More
advantageously, the carnitine can be present in the
methods and/or compositions of the present invention
in an amount of about 6 mg/100 kcal. [00094] When
calcium is present in the methods and/or compositions
of the present invention, it is advantageously present
in a range of about 0.1 mg/100 kcal to about 1 g/100
kcal. More advantageously, the calcium can be present
in the methods and/or compositions of the present
invention in an amount of about 96 mg/100 kcal.
[00095] When phosphorus is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 1 g/100 kcal. More 



advantageously, the phosphorus can be present in the
methods and/or compositions of the present invention
in an amount of about 80 rpg/1 00 kcal. [00096] When
magnesium is present in the methods and/orcompositions
of the present invention, it is advantageously present
in a range of about 0.1 mg/100 kcal to about 500
mg/100 kcal. More advantageously, the magnesium can be
present in the methods and/or compositions of the
present invention in an amount of about 14 mg/100
kcal. [00097] When iron is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 100 mg/100 kcal. More advantageously,
the iron can be present in the methods and/or
compositions of the present invention in an amount of
about 1 mg/100 kcal. [00098] When zinc is present in
the methods and/or compositions of the present
invention, it is advantageously present in a range of
about 0.1 mg/100 kcal to about 100 mg/1 00 kcal. More
advantageously, the zinc can be present in the methods
and/or compositions of the present invention in an
amount of about 1 mg/100 kcal. [00099] When manganese
is present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.01 mg/100 kcal to about 10 mg/100
kcal. More advantageously, the manganese can be
present in the methods and/or compositions of the
present invention in an amount of about 0.16 mg/1 00
kcal. [000100] When copper is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mcg/100
kcal to about 1 mg/100 kcal. More advantageously, the
copper can be present in the methods and/or
compositions of the present invention in an amount of
about 80 mcg/100 kcal. [000101] When iodine is present
in the methods and/or compositions of the present
invention, it is advantageously present in a range of
about 0.1 mcg/100 kcal to about 100 mcg/100 kcal. More
advantageously, the iodine can be present in the
methods and/or compositions of the present invention
in an amount of about 12 mcg/100 kcal.[000102] When
selenium is present in the methods and/or compositions
of the present invention, it is advantageously present
in a range of about 0.01 mcg/100 kcal to about 1
mg/100 kcal. More advantageously, the selenium can be
present in the methods and/or compositions of the
present invention in an amount of about 3 mcg/100
kcal. [000103] When sodium is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 500 mg/100 kcal. More advantageously,
the sodium can be present in the methods and/or
compositions of the present invention in an amount of
between about 55 and 60 mg/100 kcal. [000104] When
potassium is present in the methods and/or
compositions of the present invention, it is
advantageously present in a range of about 0.1 mg/100
kcal to about 1 g/100 kcal. More advantageously, the
potassium can be present in the methods and/or
compositions of the present invention in an amount of
about 180 mg/1 00 kcal. [000105] When chloride is
present in the methods and/or compositions of the
present invention, it is advantageously present in a
range of about 0.1 mg/1 00 kcal to about 1 g/1 00
kcal. More advantageously, the chloride can be present
in the methods and/or compositions of the present
invention in an amount of about 70 mg/100 kcal. The
amount of sodium, potassium and chloride present in
the nutritional supplements of the present invention
may vary within a wide range based on the caloric
content of the supplement. [000106] When chromium is
present in the methods and/or compositions 



of the present invention, it is advantageously present
in a range of about 1 mcg/100 kcal to about 500
mcg/100 kcal. [000107] When molybdenum is present in
the methods and/or compositions of the present
invention, it is advantageously present in a range of
about 1 mcg/100 kcal to about 500 mcg/100 kcal.
[000108] When fluoride is present in the methods
and/or compositions of the present invention, it is
advantageously present in a range of about 1mg/100
kcal to about 500 mg/100 kcal. [000109] When a source
of fiber is present in the methods and/or compositions
of the present invention, the amount of fiber can
range from about 0.01 g/100 kcal to about 100 g/100
kcal. In other embodiments, the amount of fiber can
range from about 0.1 g/100 kcal to about 10 g/100 kcal
or the amount can range from about 0.5 g/100 kcal to
about 1 g/100 kcaL In still other embodiments, the
amount of fiber can be about 0.6 g/100 kcal. [000110]
The nutritional supplement of the present invention
may also contain one or more prebiotics. The term
"prebiotic" means a nondigestible food ingredient that
stimulates the growth and/or activity of probiotics.
Any prebiotic known in the art will be acceptable in
this embodiment. Prebiotics of the present invention
may include lactulose, galacto-oligosaccharide.
fructo-oligosaccharide, isomalto-oligosaccharide,
soybean oligosaccharides, lactosucrose,
xylo-oligosacchairde, inulin, polydextrose and
gentio-oligosaccharides. [000111] The nutritional
supplement of the invention may also be administered
to a subject in combination with human or animal milk
(e.g., cow or goat milk). [000112] In some embodiment,
the liquid nutritional supplement contains about 250
kcal per serving. In other embodiments, the liquid
nutritional supplement contains less than about 200
kcal per serving. In another embodiment, the liquid
nutritional supplement contains between about 150 and
200 kcal per serving. In yet another embodiment, the
liquid nutritional supplement contains between about
160 and 180 kcal per serving. In a further embodiment,
the liquid nutritional supplement contains about 170
kcal per serving. [000113] In some embodiments, the
present invention is designed to deliver between about
7 and 20 mg/100 kcal DHA in a liquid nutritional
supplement containing 250 kcal per serving. Thus,
providing children between the ages of 1 and 10 with 2
to 4 servings of the supplement dailywould result in
from about 35 to about 200 mg supplemental DHA per day
and would, therefore, address some of the gap between
DHA intakes in this age group relative to the desired
level of DHA consumption based on existing
recommendations. [000114] In other embodiments, the
present invention is designed to deliver between about
7 and 75 mg/100 kcal DHA in a liquid nutritional
supplement containing less than about 200 kcal per
serving. In yet another embodiment, the present
invention is designed to deliver between 7 and 75
mg/100 kcal DHA in a liquid nutritional supplement
containing between about 150 and 200 kcal per serving.
In a particular embodiment, the present invention is
designed to deliver between 7 and 75 mg/100 kcal DHA
in a liquid nutritional supplement containing between
about 160 and 180 kcal per serving. In another
embodiment, the present invention is designed to
deliver between 7 and 75 mg/100 kcal DHA in a liquid
nutritional supplement containing about 170 kcal per
serving. [000115] In certain other embodiments, the
liquid nutritional supplement contains less than about
200 kcal per serving and does not contain an
artificial sweetener. In yet another embodiment, the
liquid nutritional supplement contains between about
150 and 200 kcal per serving and does not contain an
artificial sweetener. In yet another embodiment, the
liquid nutritional supplement contains between about
160 and 180 kcal per 



serving and does not contain an artificial sweetener.
In even another embodiment, the liquid nutritional
supplement contains about 170 kcal per serving and
does not contain an artificial sweetener. [0001 16]
The nutritional supplement of the invention may be
provided in any form suitable for administration to a
subject. For example, the nutritional supplement may
be prepared in forms such as a liquid, powder,
liquid/powder concentrate, ready-to-feed form,
caplets, tablets, pills, capsules, puddings, chewable
tablets, quick dissolve tablets, effervescent tablets,
reconstitutable powders, elixirs, solutions,
suspensions, emulsions, multi-layer tablets, bi-layer
tablets, soft gelatin capsules, hardgelatin capsules,
lozenges, chewable lozenges, beads, granules,
particles, microparticles, dispersible granules,
cachets, implants, depot implants, ingestibles,
injectables, infusions, health bars, cookies,
confections, animal feeds, cereals, cereal coatings,
foods, soups and soup concentrates, nutritive foods,
functional foods, and combinations thereof. [000117]
However, in certain aspects of the present invention,
the nutritional supplement is provided in a liquid
form. The preparation of the above dosage forms can be
conducted as is known in the art. [000118] The
nutritional supplements of this invention can be
manufactured using techniques well known to those
skilled in the art. For example, various processing
techniques exist for producing powdered, ready-to-feed
and liquid supplements. [0001 19] Typically, these
techniques include formation of a slurry from one or
more solutions which may contain water and one or more
of the following: carbohydrates, proteins, lipids,
stabilizers, vitamins and minerals. The pH of the
slurry can be checked and, if required, adjusted to a
relatively neutral pH, i.e., from about 6.5 to about
7.5 preferably about 7.0. The pH can be adjusted as
required using any acid or base compatible with the
present compositions, preferably citric acid,
potassium hydroxide, or sodium phosphate dibasic.
[000120] This slurry is then emulsified, homogenized
and cooled. Various other solutions may be added to
the slurry before processing, after processing or at
both times. In certain aspects of the present
invention, the liquid nutritional supplement is
sterile. In those embodiments, the supplement is
aseptically sterilized and may be diluted to be
utilized on a ready-to-feed basis or stored in a
liquid or a powder. Homogenization and sterilization
can be accomplished using standard equipment known to
skilled artisans. [000121] If the resulting
nutritional supplement is meant to be a ready-tofeed
liquid or concentrated liquid, an appropriate amount
of water could be added before sterilization. If the
resulting nutritional supplement is meantto be a
powder, the slurry will be heated and dried to obtain
a powder. The powder resulting from drying may be dry
blended with further ingredients, if desired. The
nutritional supplement can be packaged for
distribution and sale as desired using standard
equipment known in the art. l [000122] Variations on
any of these manufacturing processes are known to or
will be readily apparent to those skilled in the art.
It is not intended that the invention be limited to
any particular process of manufacture. [000123] The
following examples describe various embodiments of the
present invention. Other embodiments within the scope
of the claims herein will be apparent to one skilled
in the art from consideration of the specification or
practice of the invention as disclosed herein. It is
intended that the specification, together with the
examples, be considered to be exemplary only, with the
scope and spirit of the invention being indicated by
the claims which follow the examples. In the examples,
all percentages are given on a weight basis unless
otherwise indicated. EXAMPLE 1 [000124] This example
illustrates one embodiment of the liquid nutritional 



supplement composition of the present invention. Table
1 illustrates the ingredients present in an embodiment
of the present liquid nutritional supplement and their
amounts in grams (g) or milligrams (mg), expressed per
Liter (L). Table 2 illustrates the amount of base
nutrients (proteins, fats and carbohydrates), as well
as vitamins and mineral nutrients present in 8 fl. oz.
of an embodiment of the present liquid nutritional
supplement. For purposes of the present composition,
the caloric content in 8 fl. oz. of an embodiment of
the present liquid nutritional supplement is
approximately 250 kcal.Table 1: Ingredient Information
and Concentrations (Per Liter)METHOD AND APPARATUSFOR
A PRINTED CIRCUIT BOARDUSING LASER ASSISTED
METALLIZATIONAND PATTERNINGOF A SUBSTRATE Background
Field [0001] The embodiments relate to microelectronic
structures, and more particularly to microelectronic
structures made using laser assisted activation and
patterning. Description of the Related Art [0002] The
state of the art provides numerous techniques for
manufacturing a printed circuit board. The starting
material is a microelectronic substrate, typically a
dielectric board such as, for example, an ABF
(Ajinomoto Build-up Film) layer, which may then be
processed according to one of the numerous techniques
mentioned above to provide the printed circuit. [0003]
One such technique involves providing the dielectric
layer, and then laser drilling via openings into the
dielectric layer. Thereafter, the dielectric layer is
roughened, subjected to chemical copper plating, such
as electroless plating, to provide a thin layer of
copper over the entire dielectric layer including on
the walls of the via openings. A dry-film resist (DFR)
is then laminated onto the thin layer of copper, and
the DFR thereafter subjected to an expose and develop
process to form the circuit design pattern in
accordance with the requirements of the circuit
specifications. After subjecting the DFR to a
developing solution in order to wash away exposed
areas of the same, the combination of the dielectric
layer-thin copper layer-patterned DFR is subjected to
electrolytic copper plating in order to provide a
copper layer (hereinafter "thick copper layer") much
thicker than the thin copper layer mentioned above
both on regions of the thin copper layer not covered
by the patterned DFR (in order to provide conductive
traces on the dielectric layer), and, in addition,
inside the viaopenings. Thus, after norther plating of
the thick copper layer to protect the same from
etching the patterned DFR is stripped from the
combination to expose the thin copper layer not
covered by the thick copper layer. The thus bare thin
copper layer is now completely etched away down to the
dielectric layer leaving a printed circuit board.
[0004] Another conventional technique for providing
printed circuit boards involves the provision of a
dielectric layer, such as an ABF layer, followed by a
laser drilling process for providing via openings in
the ABF layer. Thereafter, a DFR is laminated onto the
dielectric layer, and the DFR thereafter subjected to
an expose and develop process to form the circuit
design pattern in accordance with the requirements of
the circuit specifications. After subjecting the DFR
to a developing solution in order to wash away exposed
areas of the same, the combination of the dielectric
layer-thin copper layer-patterned DFR is subjected to
an etching process in order to ablate a predetermined
thickness of the dielectric layer that remains
uncovered by the patterned DFR, thus providing
recesses within the dielectric layer corresponding to
a location of the conductive traces to be provided on
the dielectric layer. The patterned DFR is then
stripped from the dielectric layer. Thereafter, the
dielectric layer is subjected to electroless copper
plating to provide a thin layer of copper over the
entire dielectric 



layer including on the walls of the via openings and
inside the recesses provided at the location of the
traces. A thicker layer of copper is then provided
onto the thin copper layer by way of electrolytic
plating, and the thus formed combination subjected to
either back etching, grinding or CMP in order to
result in a printed circuit board. [0005] Another
known technique for providing interconnects according
to the prior art is typically referred to as "Laser
Embedded Technology," or LET. In LET, laser ablation
is used to provide via openings in a dielectric layer,
such as an ABF layer. Thereafter, locations for the
tracesare ablated also using laser irradiation to
provide recessed trace locations on the dielectric
layer. Thereafter, electroless plating, and,
thereafter, electrolytic plating with copper are
provided on the thus ablated dielectric layer. Copper
plating as described above results in the formation of
a copper layer on the active surface of the dielectric
layer, the copper layer filling the recessed trace
locations and extending above the same. Thereafter, a
process such as chemical mechanical polishing is used
to remove the excess copper of the copper layer
extending beyond the recessed trace locations, in this
way resulting in the interconnects on the active
surface of the dielectric layer. [0006] However,
techniques of the prior art such as those described
above, may exhibit low throughput due to increased
processing time, and, in addition, may be ineffective
for meeting current alignment budgets among others
because they require the use of multiple processes for
generating the vias and traces, which processes lead
to a compounding of possible alignment errors. BRIEF
DESCRIPTION OF THE DRAWINGS [0007] The embodiments are
illustrated by way of example, and not by way of
limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to
similar elements and in which: [0008] Fig. 1 is a
cross sectional view of a microelectronic substrate,
or panel; [0009] Fig. 2 is a cross sectional view
showing the substrate of Fig. 1 as having been
provided with a via opening therein to yield a
via-defining substrate according to an embodiment;
[0010] Fig. 3 is a cross sectional view showing the
substrate of Fig. 2 has having been provided with a
laser activatable laser activatable film thereon to
yield a film-substrate combination according to an
embodiment;[0011] Fig. 4a is a cross sectional view
showing the film in the combination of Fig. 3 as
having been exposed to laser irradiation to
selectively activate portions of the film based on a
predetermined interconnect pattern to yield a
selectively-activated-film-substrate combination
according to an embodiment; [0012] Fig. 4b is a top
plan showing the film in the combination of Fig. 3 as
having been exposed to laser irradiation to
selectively activate portions of the film based on a
predetermined interconnect pattern to yield a
selectively-activated-film-substrate combination
according to an embodiment; [0013] Fig. 5a is a cross
sectional top plan view showing the combination of
Figs. 4a and 4b as having had non-activated portions
of the film removed therefrom to yield a patterned
f-build-up-layer-substrate combination according to an
embodiment; [0014] Fig. 5b is a top plan view showing
the combination of Figs. 4a and 4b as having had
non-activated portions of the film removed therefrom
to yield a patterned f-build-up-layer-substrate
combination according to an embodiment; [0015] Fig. 6a
is a cross sectional view showing the combination of
Figs. 5a and 5b as having been provided with a
conformal electrolessly deposited first conductive
layer to yield an electrolessly plated substrate
according to an embodiment; 



[0016] Fig. 6b is a top plan view showing the
combination of Figs. 5a and 5b as having been provided
with a conformal electrolessly deposited first
conductive layer to yield an electrolessly plated
substrate according to an embodiment;[0017] Fig. 7a is
a cross sectional view showing the electrolessly
plated substrate of Figs. 6a and 6b as having been
provided with an electrolytically deposited second
conductive layer to yield an electrolytically plated
substrate according to an embodiment; [0018] Fig. 7b
is a top plan view showing the electrolessly plated
substrate of Figs. 6a and 6b as having been provided
with an electrolytically deposited second conductive
layer to yield an electrolytically plated substrate
according to an embodiment; [0019] Fig. 8 is a top
plan view showing the electrolytically plated
substrate of Figs. 7a and 7b as having had its tie
bars removed to yield a patterned substrate or printed
circuit board; [0020] Fig. 9 is a schematic
representation of a system incorporating a printed
circuit board according to an embodiment; [0021] Fig.
10 is a cross sectional view of a result of an
embodiment of microelectronic substrates, or panels
being laminated; [0022] Figs. 11A-B are cross
sectional views of a result of an embodiment of
microelectronic substrates, or panels after being
patterned using laser projection machining/patterning;
[0023] Figs. 12A-B are cross sectional views of a
result of an embodiment of microelectronic substrates,
or panels after a dielectric layer lamination process;
[0024] Fig. 13 is a cross sectional view of a result
of an embodiment of a microelectronic substrate, or
panel after an organic material build up process;
[0025] Fig. 14 is a cross sectional view of a result
of an embodiment of a microelectronic substrate, or
panel after laser via drilling; [0026] Fig. 15 is a
cross sectional view of a result of an embodiment of a
microelectronic substrate, or panel after dip coating;
[0027] Fig. 16 is a cross sectional view of a result
of an embodiment of a microelectronic substrate, or
panel after laser activation; [0028] Fig. 17 is a
cross sectional view of a result of an embodiment of a
microelectronic substrate, or panel after washing;
[0029] Fig. 18 is a cross sectional view of a result
of an embodiment of a microelectronic substrate, or
panel after selective electrolytic plating; [0030]
Fig. 19 is a cross sectional view of a result of an
embodiment of a microelectronic substrate, or panel
after subsequent dielectric build up; [0031] Fig. 20
is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after laser
via drilling; [0032] Fig. 21 is a cross sectional view
of a result of an embodiment of a microelectronic
substrate, or panel after dip coating; [0033] Fig. 22A
is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after laser
activating the surface of the substrate illustrated in
Fig. 21; [0034] Fig. 22B is a top plan view of a
result of an embodiment of a microelectronic
substrate, or panel after laser activating the surface
of the substrate illustrated in Fig. 21;[0035] Fig.
23A is a cross sectional view of a result of an
embodiment of a microelectronic substrate, or panel
after washing; [0036] Fig. 23B is a top plan view of a
result of an embodiment of a microelectronic
substrate, or panel after washing; [0037] Fig. 24A is
a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after a
dielectric layer build up; [0038] Fig. 24B is a top
plan view of a result of an embodiment of a
microelectronic substrate, or panel after a dielectric
layer build up; [0039] Fig. 25 is a cross sectional
view of a result of an embodiment of a microelectronic
substrate, or panel after via drilling; 



[0040] Fig. 26 is a cross sectional view of a result
of an embodiment of a microelectronic substrate, or
panel after controlled-collapse-chip-connect (C4)
solder ball and first level interconnect (FLI)
bumping; [0041] Fig. 27 is a cross sectional view of a
result of an embodiment of a microelectronic
substrate, or panel after etching a sacrificial metal
layer away forming metal protrusions; [0042] Fig. 28
is a cross sectional view of a result of an embodiment
of a microelectronic substrate, or panel after
electroless plating; [0043] Fig. 29 is a cross
sectional view of a result of an embodiment of a
microelectronic substrate, or panel after via filling
and/or electrolytic plating; [0044] Fig. 30 is a cross
sectional view of a result of an embodiment of a
microelectronic substrate, or panel after dry film
resist (DFR) lamination;[0045] Fig. 31 is a cross
sectional view of a result of an embodiment of a
microelectronic substrate, or panel after trace
ablation and assisted metallization; [0046] Fig. 32 is
a cross sectional view of a result of an embodiment of
a microelectronic substrate, or panel after trace
electroless plating; [0047] Fig. 33 is a cross
sectional view of a result of an embodiment of a
microelectronic substrate, or panel after trace
electrolytic plating; and [0048] Fig. 34 is a cross
sectional view of a result of an embodiment of a
microelectronic substrate, or panel after DFR
stripping. DETAILEDDESCRIPTION [0049] The embodiments
discussed herein generally relate to a method, a
printed circuit board and a system using laser
assisted metallization and patterning. Referring to
the figures, exemplary embodiments will now be
described. The exemplary embodiments are provided to
illustrate the embodiments and should not be construed
as limiting the scope of the embodiments. [0050]
Various operations will be described as multiple
discrete operations, in turn, in a manner that is most
helpful in understanding the present invention,
however, the order of description should not be
construed as to imply that these operations are
necessarily order dependent. In particular, these
operations need not be performed in the order of
presentation. [0051] Referring now to Fig. 1 by way of
example, embodiments of the present invention comprise
providing a microelectronic substrate or panel, such
as substrate 100, provided on a conductive layer 101
(see Fig. 2).The substrate may include a
non-conductive material, such as plastic or
fiberglass, such as ABF, or any other dielectric
suitable to serve as a substrate for a printed circuit
board. Conductive layer 101 may, by way of example,
comprise copper, and may further represent a
conductive trace on an underlying substrate (not
shown). [0052] As seen in Fig. 2 by way of example,
embodiments of the present invention comprise
providing via openings such as opening 110, in the
substrate, such as substrate 100, to provide a
via-defining substrate, such as substrate 120.
According to a preferred embodiment, the via openings
such as opening 110 may be provided using laser
drilling or laser projection machining, such as high
intensity laser drilling as is well known in the art.
However, the via openings such as opening 110 may be
provided according to any one of well known methods as
would be readily recognizable by one skilled in the
art. [0053] Referring thereafter to Fig. 3 by way of
example, embodiments of the present invention comprise
providing a laser activatable film, such as, for
example, film 130, comprising a laser activatable
material on the viadefining substrate. According to an
embodiment, the laser activatable film may have a
thickness in the submicron range up to about between
about 3 to about 5 microns. By "laser activatable
material," what is meant in the context of the instant
description is a material that is adapted to be
activated when 



exposed to laser irradiation to provide a build up
layer for a conductive material, such as, for example,
copper. By "build-up layer," what is meant in the
context of the present invention is a seed layer, that
is, a layer adapted to allow selective provision of a
conductive material thereon according to its pattern.
According to a one embodiment, the laser activatable
material may comprise palladium acetate or
(CH3CO2)2Pd. According to an embodiment, provision of
the laser activatable film, such as film 130 shown in
Fig. 3, may be effected by dip coating via-defining
substrate 120 in a laser-activatable material seeding
solution, such as, for example, a palladium acetate
seedingsolution. Other methods for providing the laser
activatable film according to embodiments, include, by
way of example, sputtering and chemical or physical
vapor deposition. As seen in Fig. 3, the laser
activatable film, such as film 130, covers an active
surface of the via-defining substrate, such as
substrate 120, and includes via portions, such as
portions 135 and 136, which respectively cover the
walls and the bottom of the via opening, such as via
opening 110, respectively. By "active surface," what
is meant in the context of the present invention is a
surface of the substrate adapted to be provided with
interconnects, such as vias and traces, according to
an interconnect pattern. Provision of the laser
activatable film on the active surface of the
via-defining substrate yields a film-substrate
combination, such as filmsubstrate combination 140 of
Fig. 3. [0054] Referring next to Figs. 4a-8 by way of
example, embodiments of the present invention comprise
providing interconnects according to a predetermined
interconnect pattern on the via-defining substrate
using laser assisted metallization. Laser assisted
metallization will be explained in further detail
below with respect to the embodiment of Figs. 4a-8.
[0055] Referring first to Figs, 4a-4b by way of
example, laser assisted metallization according to
embodiments comprises exposing the laseractivatable
material of the laser activatable film to laser
irradiation to selectively activate portions of the
laser activatable film according to the predetermined
interconnect pattern, and, optionally, to a
predetermined tie bar pattern, to yield a
selectively-activated-film-substrate combination, or
SATFP combination, such as combination 150 of Figs. 4a
and 4b. By "predetermined interconnect pattern/' what
is meant in the context of the instant description is
a pattern corresponding to the predetermined
interconnect traces and /or vias to be provided on the
active surface of the substrate. By "predetermined
tie-bar pattern," what is meant in the context of the
instant description is a pattern corresponding to the
predetermined tie bars to be provided on the active
surface of the substrate. Thus, as seen inthe
embodiment of Figs. 4a and 4b, the SATFP combination.
150 may comprise a substrate portion 102 formed from
substrate 100 of Fig. 1 as described above, and, in
addition, a film 152 covering substrate portion 102
and defining a pattern 154, as best seen in Fig. 4b.
The pattern 154 corresponding to film 152 is defined
by laser activated portions 130', 135' and 136' of
film 152, by non-activated portions 130 of film 152,
and by laser activated tie bar regions 144 as will be
described in greater detail below. The laser activated
portions may include a material adapted to provide a
build up layer for further conductive material to be
selectively provided thereon. For example, the laser
activated portions may include a graphite rich
conductive seeding material. According to an
embodiment, when the laser activatable film comprises
palladium acetate, the laser activated portions of the
film comprise a palladium-seeded build-up layer
including a palladium rich modified organic material
build-up surface. In particular, laser activation of a
palladium acetate material selectively ablates the
acetates in the material, leaving behind the palladium
rich modified organic material as noted above. [0056]
The laser source for both laser drilling of via
openings and for the activation of the laser
activatable material may be any suitable source that
generates laser beams. Examples of the laser source
may include a 



Nd:YAG laser tool or a pulsed ultra-violet (UV)
excimer laser, the latter being preferred according to
embodiments. The wavelength may be any suitable
wavelength for the application, such as
Neodymium-doped Yttrium Aluminum Garnet (NdrYAG,
1064nm), Xenon Fluoride (XeF, 351 nm), Xenon Chloride
(XeCl, 308 nm), Xenon Bromide (XeBr, 282nm), Krypton
Fluoride (KrF, 248 ran), Argon Fluoride (ArF, 193 nm),
and Fluoride Dimer (F2, 157 nm), wavelength ranges in
the UV or deep UV ranges being preferred according to
embodiments. By way of example, to activate the laser
activatable film using laser irradiation, according to
an embodiment, a laser pulse duration may first be
chosen, such as, for example, about 20 ns to about 50
ns for a laser source set at wavelengths including,
for example, 193nm, 248 nm or 308 nm. Once pulse
duration is set, the number of pulses to be delivered
may be determined as a function of a thickness of the
laser activatable film. A rough estimate for
determining the number of pulses to be delivered would
be based on the thickness to be activated per pulse.
For example, with respect to an organic film such as
palladium acetate, the activated thickness per pulse
ratio would be about 1 micron for a 193 nm, 248 nm or
308 nm laser source. Whether or not "activation" has
been achieved may be determined in a number of ways,
such as, for example, through a testing process
involving measuring a conductivity of respective laser
activated portions obtained as a result of
corresponding laser irradiation doses. A laser
activated portion with a conductivity comparable to
that of a metal or of a metal-like conductor would
then be considered "activated" according to
embodiments, and would set the laser irradiation dose
to be delivered for a given laser activatable film
thickness and laser activatable material.
Alternatively or in conjunction with the above testing
method, a composition of each respective laser
activated portion may further be determined to
ascertain conductivity and hence activation.[0057] To
provide the laser activated portions 130', 135' and
136', and non-activated portions 130' of pattern 154,
the film-substrate 140 of Fig. 3 may be selectively
subjected to laser irradiation according to a
predetermined interconnect pattern. According to a
preferred embodiment, the selective irradiation
according to the predetermined interconnect pattern
may be effected for example by laser irradiation of
the film of film-substrate combination through a mask,
the pattern of which corresponds to the predetermined
interconnect pattern. In the alternative, the
selective irradiation may be effected by a computer
aided design (CAD) driven laser direct write.
Selective laser irradiation of the laser activatable
film according to the predetermined interconnect
pattern results in laser activated portions of the
film, such as portions 130', corresponding to a
predetermined pattern of traces to be provided on the
active surface of the substrate, and such as portions
135' and 136', corresponding to a predetermined
pattern for a vias by way of via opening 110.
Optionally, to provide laser activated tie bar regions
144, the film-substrate combination 140 of Fig. 3 may,
according to embodiments, be selectively subjected to
laser irradiation according to a predetermined tie bar
pattern. As would be recognized by one skilled in the
art, the activated tie bar regions would be provided
where electrolytic plating on the build up layer is
contemplated. The activated tie bar regions would thus
allow the provision of tie bars thereon which would in
turn provide the necessary electrical interconnections
during electrolytic plating, as will be described
further below. According to a preferred embodiment,
the selective irradiation according to the
predetermined tie bar pattern may be effected for
example by using laser direct writing on the film of
the filmsubstrate combination, such as a CAD driven
laser direct write. Selective laser irradiation of the
laser activatable film according to a predetermined
tie bar pattern may occur simultaneously with
selective laser irradiation of the laser activatable
film according to a predetermined interconnect
pattern, and results in laser activated tie bar
regions of the film, such as regions 144 shown in Fig.
4b.[0058] Referring next to Figs. 5a and 5b by way of
example, laser 



assisted metallization according to embodiments
comprises removing nonactivated portions of the
partially activated film to yield a pattemed-buildup-
layer-substrate combination. As shown in the
embodiments of Figs. '5a and 5b, a removal of
non-activated portions 130' would result in a
patternedbuild- up-layer-substrate combination 161 as
shown, including substrate portion 102 having exposed
surfaces 104, activated tie bar regions 144, and
further including a patterned build up layer 162
including the activated portions 130', 135' and 136'
and activated tie bar regions. According to a
preferred embodiment, removing comprises subjecting
the partially activated film to a wash. For example,
when the material of the patterned build up layer
includes a palladium rich modified organic material
obtained through laser activation of a palladium
acetate laser activatable film, the wash may comprise
a water wash. [0059] Referring next to Figs. 6a-8 by
way of example, laser assisted metallization according
to embodiments comprises providing interconnects
according to the predetermined interconnect pattern on
the patterned-build up-layer-substrate combination to
provide a printed circuit board. By "interconnects,"
what is meant in the context of the present invention
is the combination of conductive traces and vias
according to the predetermined interconnect pattern.
For example, as seen in Fig. 8, the printed circuit
board 190 comprises substrate portion 102 and
interconnects 192 provided on the substrate portion
102, the interconnects comprising traces 189 and a via
187 as shown according to the predetermined
interconnect pattern. Providing interconnects may be
provided according to any well known method using the
build up layer 162 as a seed layer. For example,
providing interconnects may be effected using solely
electroless plating, that is, electroless plating
without any further metallization, or using a
combination of electroless plating and electrolytic
plating. Providing interconnects using a combination
of electroless plating and electrolytic plating as
mentionedabove will now be described in further detail
in relation to the example preferred embodiment of
Figs. 6a-8. [0060] Thus, as seen in Figs. 6a-6b by way
of example, laser assisted metallization according to
embodiments comprises providing a first conductive
layer on the build-up layer of the
patterned-build-up-layersubstrate combination through
electroless plating, the first conductive layer
defining a seed layer having a pattern corresponding
to the pattern of the build up layer, thus providing
an electolessly plated substrate, such as
electrolessly plated substrate 164 of Figs. 6a and 6b.
It is noted that, as is well know, to the extend that
the build-up layer 162 serves as a seed for the
further electrolessly plated conductive layer, the
build-up layer serves as a site of atomic nucleation
for the electrolessly plated conductive layer, and, as
a result, no longer exists as a "layer" proper, the
atoms thereof having been dispersed after electroless
plated. As a result, a build-up layer is not shown in
Figs. 6a-8. It is noted, however, that, to the extent
that the build-up layer serves as a site of atomic
nucleation, atoms from the build-up layer still remain
at least in the electrolessly plated copper layer. As
seen in Figs. 6a and 6b, the electrolessly plated
substrate 164 includes substrate portion 102 having
exposed regions 104, build up layer 162, and an
electrolessly plated first conductive layer including
conformal conductive seed layer 168 selectively
provided on the build up layer 162. Seed layer 168
includes, in the shown embodiment, seed layer portions
165 and 166, which respectively occupy regions
corresponding to the walls and the bottom of via
opening 110, seed layer portion 160, which
respectively occupy regions corresponding to the
traces, and tie bar seed layer portions 174. [0061]
Referring next to Figs. 7a and 7b by way of example,
laser assisted metallization according to embodiments
comprises providing a second conductive layer on the
first conductive layer of the electrolessly plated
substrate through electrolytic plating such that the
second conductive 



layer defines a pattern corresponding to the pattern
of the first conductivelayer and of the build up
layer, thus providing an electrolytically plated
substrate, such as electrolytically plated substrate
164 of Figs. 6a and 6b. As seen in Figs. 6a and 6b,
the electrolytically plated substrate 180 includes
substrate portion 102 having exposed regions 104,
build up layer 162, an electrolessly plated first
conductive layer including conformal conductive seed
layer 168 selectively provided on the build up layer
162, and an electrolytically plated second conductive
layer 182. Second conductive layer includes, in the
shown embodiment, second conductive layer portion 185,
which defines via 187, second conductive layer portion
188, which defines traces 189, and tie bar portions
183 which define tie bars 184. [0062] Referring next
to Fig. 8 by way of example, embodiments of the
present invention further comprise removing the tie
bars to provide a printed circuit board, such as
printed circuit board 190. Thus, as seen in Fig. 8,
the printed circuit board comprises traces 189 and a
via 187 according to the predetermined interconnect
pattern. According to a preferred embodiment, removing
the tie bars may comprise laser ablation of the tie
bars. By "removing," what is meant in the context of
the present invention encompasses both substantially
complete removal and trimming, as would be recognized
by one skilled in the art. As described above with
respect to the example embodiment shown in Figs. 1-8,
embodiments of the present invention propose a process
flow for a novel, laser-based substrate manufacturing
process of laser assisted metallization and patterning
("LAMP"). The LAMP technology, as described above, may
use laser irradiation to provide via openings, such as
by way of drilling, and may selectively metallize an
organic material of a build up layer to form a
required design circuitry pattern, or predetermined
interconnect pattern, without the necessity for any
lithographic processing. The laser may be used through
laser projection machining, laser assisted
metallization and laser direct writing. Laser
projection machining may be used to provide via
openings using laser ablation, in a well known manner.
Laser assisted metallization may be used according to
embodiments to activate a laseractivatable material on
the surface of a substrate according to the
predetermined interconnect pattern. Activation of the
laser activatable material and removal of any
non-activated portions of the laser activatable
material results in the formation of patterned a build
up layer on the substrate including a conductive
material seed element, such as a palladium rich
modified organic material as a copper seed layer.
Laser direct writing may optionally be used to create
a tie bar structure needed for electrolytic plating
where electrolytic plating is contemplated. A printed
circuit board obtained according to method embodiments
comprises a via-defining substrate comprising a
microelectronic substrate defining via openings
therein; and interconnects provided on the
via-defining substrate according to a predetermined
interconnect pattern, the interconnects comprising a
conductive layer having a pattern corresponding to the
predetermined interconnect pattern, the conductive
layer further being made substantially from a first
material, the conductive layer further comprising a
second material different from the first material, the
second material including a metallic seeding material
and being present on the via-defining substrates only
at regions corresponding to the interconnects. [0063]
Advantageously, embodiments of the present invention
provide a printed circuit board that has an electric
circuit firmly attached to the dielectric surface and
vias that are electrically connected and suitable for
accepting the electronic components that will be
mounted thereon. Embodiments of the present invention
provide many advantages over the process on record
(POR) substrate process such as high resolution,
elimination of the multisteps lithographic process,
improved alignment capabilities, and eliminate
de-smearing. In particular, embodiments of the present
invention according to LAMP use laser irradiation both
for creating 



via openings and, in addition, for providing a
patterned build up layer having a pattern
corresponding to the desired (predetermined)
interconnect pattern, thus eliminating the need for
lithography with respect to providing the
interconnects. The use of LAMP according to
embodimentsadvantageously: (1) eliminates the
lithography process, and therefore the need to use dry
film resist (DFR) and its associated processes; (2)
eliminates the need for a desmear process; (3) provide
high resolution patterning and metallization by
allowing the patterning and metallization of features
sizes in the nanometer range as governed by the
wavelength range of the laser source used, such as,
for example, a UVwavelength range; (4) provides
improved alignment capabilities for both via and
interconnect patterning and metallization since (a)
eliminates compound effects of having to use both
laser irradiation for generation of via openings and
lithography for generation of the interconnect
pattern; (b) provides a higher imaging alignment than
that associated with a contact masking process for
lithography; (c) where a UV laser is used as the laser
source, provides better alignment when compared with
the IR CO2 laser used in prior art processes for laser
via drilling. [0064] With respect to the LET process
described in the Background section above, embodiments
of the present invention advantageously dispense with
a necessity to ablate the substrate on two occasions
as described, once to provide the via openings, and
again to provide recessed trace locations as described
above. In addition, embodiments of the present
invention advantageously dispense with a need to etch
the substrate in order to provide an interconnect
pattern on the substrate, thus significantly improving
throughput and meanwhile producing traces that are
identical to known non-LET traces, that is, traces
disposed substantially at the substrate surface rather
than embedded traces. In addition, embodiments of the
present invention advantageously dispense with a need
to remove excess conductive material from the trace
and /or via locations through any means, such as
through grinding or through chemical mechanical
polishing. Advantageously, embodiments of the present
invention result in the introduction of conductive
material seeding only in areas corresponding to the
predetermined interconnect pattern. Additionally,
where the provision of the interconnects according to
an embodiment involves solely electrolessplating, that
is, electroless plating without electrolytic plating,
advantageously, significant cost and throughput
advantages may be achieved. [0065] Referring to Fig.
9, there is illustrated one of many possible systems
in which embodiments of the present invention may be
used. The shown system 90 therefore comprises an
electronic assembly 1000 which includes a printed
circuit board such as, for example, printed circuit
board 190 of Fig. 8 described above. In an alternate
embodiment, the electronic assembly 1000 may include
an application specific IC (ASIC). Integrated circuits
found in chipsets (e.g., graphics, sound, and control
chipsets) may also be packaged in accordance with
embodiments of this invention. [0066] For the
embodiment depicted by Fig. 9, the system 90 may also
include a main memory 1002, a graphics processor 1004,
a mass storage device 1006, and/or an input/output
module 1008 coupled to each other by way of a bus
1010, as shown. Examples of the memory 1002 include
but are not limited to static random access memory
(SRAM) and dynamic random access memory (DRAM).
Examples of the mass storage device 106 include but
are not limited to a hard disk drive, a compact disk
drive (CD), a digital versatile disk drive (DVD), and
so forth. Examples of the input/output module 1008
include but are not limited to a keyboard, cursor
control arrangements, a display, a network interface,
and so forth. Examples of the bus 1010 include but are
not limited to a peripheral control interface (PCI)
bus, and Industry Standard Architecture (ISA) bus, and
so forth. In various embodiments, the system 90 may be
a wireless mobile phone, a personal 



digital assistant, a pocket PC, a tablet PC, a
notebook PC, a desktop computer, a set-top box, a
media-center PC, a DVD player, and a server. [0067]
Another embodiment eliminates two steps of copper
plating. That is elimination of electroless copper
plating in the fabrication of substrates for a printed
circuit board. Figs. 10-27 illustrate the embodimentof
making a coreless substrate using LAMP without using
electroless plating. [0068] Fig. 10 illustrates
lamination of copper panels 1000 together. Figs.
11A-11B illustrate patterning copper panels 1000 using
laser projection patterning (machining) on both of the
copper panels. The result of the laser patterning are
the patterns 1110. [0069] Figs. 12A-12B illustrate
double-sided lamination of dielectric layer 1200.
Dielectric layer 1200 may be plastic or fiberglass,
such as ABF, or any other dielectric suitable to serve
as a substrate for a printed circuit board. Fig. 13
illustrates organic material 1310 build up lamination
on the copper panel. It should be noted that while
Figs. 13-27 illustrate processes on one of the copper
panels, both copper panels can be processed with the
same processes. [0070] Fig. 14 illustrates laser
drilling the organic build up material forming a
plurality of vias 1400. Fig. 15 illustrates the result
of dip coating the substrate illustrated in Fig. 14
with a palladium solution forming a seed coat 1510.
Following with Fig. 16, the substrate illustrated in
Fig. 15 has the palladium seed coat laser activated by
laser assisted metallization. As illustrated,
reference 1610 represents the activated portions of
surface and reference 1620 represents the
non-activated portions. In one embodiment when the
seed coating is palladium acetate, the laser activated
portions 1610 of the film (e.g., ABF) comprise a
palladium-seeded build-up layer including a palladium
rich modified organic material build-up surface. In
particular, laser activation of a palladium acetate
material selectively ablates the acetates in the
material, leaving behind the palladium rich modified
organic material as noted above. In one embodiment the
laser activation of the surface follows the pattern
for both lines and micro-vias is done by mask
projection machining or through a CAD driven laser
direct write .[0071] Fig. 17 illustrates the result of
washing the palladium acetate seed coat from the
unpatterned portions 1620 of the substrate illustrated
in Fig. 16 resulting in the seed coat removed from
portion 1710. For example, when the material of the
patterned build up layer includes a palladium rich
modified organic material obtained through laser
activation of a palladium acetate laser activatable
film, the wash may comprise a water wash. [0072] Fig.
18 illustrates the result of electrolytic copper
plating 1810 the substrate 1000 illustrated in Fig.
17. The copper plating selectively covers the copper
traces, via walls and tie bars. With the selective
copper plating, DFR and litho-patterning are not
required. In this embodiment, this process benefits in
the elimination of two-step copper plating (i.e.,
electroless then electrolytic). In this embodiment,
electrolytic copper plating is performed directly on
the laser activated build up surface in the build up
layers. This is made possible by the fact that all
copper features are electrically connected to the
sacrificial copper panel used during the build up
building process. [0073] Fig. 19 illustrates a
subsequent dielectric build up process performed on
the substrate illustrated in Fig. 18. After the
dielectric build up layer 1910 is completed, Fig. 20
illustrates the result of laser via drilling the built
up layer forming a plurality of vias 2010. Fig. 21
illustrates the result of dip coating the substrate
illustrated in Fig. 20 with a palladium solution that
seeds the substrate surface 2110. Fig. 22A illustrates
the result of laser activating the surface of the
substrate illustrated in Fig. 21. As illustrated,
reference 2210 shows an activated via wall and
reference 2230 shows an activated via bottom.
Reference 2220 show a non-activated portion. Thus it
is seen that the patterned activation selectively
activates 



portions of the seed coat. Fig. 22B illustrates a top
plan view of the substrate illustrated in Fig. 22A.
[0074] Fig. 23A illustrates the result of washing the
palladium solution seed coat from the unpatterned
portions 2310 of the substrateillustrated in Fig. 22A.
Fig. 23B illustrates a top plan view of the substrate
illustrated in Fig. 23A. [0075] Fig. 24A illustrates a
subsequent dielectric build up process performed on
the substrate illustrated in Fig. 23A. After the
dielectric build up layer 2410 is completed laser
trace ablation is performed on the built up layer as
illustrated in Fig. 25 where traces 2510 are formed.
As illustrated, a plurality of Fig. 26 illustrates the
result of controlled-collapse-chip-connect (C4) solder
ball (e.g., 2610) and first level interconnect (FLI)
(e.g., 2710) bumping. [0076] Fig. 27 illustrates the
substrate of Fig. 26 having a sacrificial copper plate
etched away to form copper protrusions 2800. [0077] In
another embodiment, after the dielectric build up (see
Fig. 13), laser ablation for forming trace and tie
bars (if desired), laser via drilling/ablation (see
Fig. 14) and dip coating (see Fig. 15), laser assisted
metallization of the substrate is performed (see Figs.
4A-B). After the laser assisted metallization
activates the organic material selectively using the
same projection mask (i.e., to embed the plating seed
into the polymeric surface), the substrate is washed
as in Fig. 17. In this embodiment, after the substrate
is washed, electroless plating is performed on the
substrate. Fig. 28 illustrates the result of
electroless plating 2810 on the substrate after
washing. [0078] Fig. 29 illustrates the result of via
filling and/or electrolytic plating the substrate with
copper 2910. The need for chemical mechanical
polishing (CMP) is eliminated in this embodiment as
the copper plating only takes place in the selectively
metallized region where the laser irradiation
impinges. [0079] In another embodiment, after
dielectric build up (see Fig. 13), laser micro-via
drilling/ablation (see Fig. 14), dip coating (see Fig.
15), laserassisted metallization of the substrate,
electroless plating (see Fig. 28) and via
filling/plating (see Fig. 29), palladium. DFR
lamination 3010 is applied to the substrate. The
result is illustrated in Fig. 30. In this embodiment,
after the palladium DFR lamination of the substrate
trace laser ablation and laser assisted metallization
are performed on the substrate. The result is
illustrated in Fig. 31 that shows trace 3110 and laser
assisted metallization layer 3120. [0080] Fig. 32
illustrates the result of performing trace electroless
plating of copper 3210 on the substrate illustrated in
Fig. 31. After the trace electroless plating, in this
embodiment trace electrolytic plating 3310 is applied
to the substrate. The result is illustrated in Fig.
33. The substrate is then DFR stripped as the result
illustrates in Fig. 34. This embodiment eliminates a
need for a CMP step as a laser is used to selectively
metallize the build up layers following the same
pattern used for ablation, and also for plating of tie
bars. [0081] The embodiments discussed above and
illustrated in Figs. 10- 34 may also be placed as a
printed circuit board in a system, such as system 90
discussed above and illustrated in Fig. 9. [0082] Some
embodiments can also be stored on a device or
machinereadable medium and be read by a machine to
perform instructions. The machine-readable medium
includes any mechanism that provides (i.e., stores
and/or transmits) information in a form readable by a
machine (e.g., a computer, PDA, cellular telephone,
etc.). For example, a machine-readable medium includes
read-only memory (ROM); random-access memory (RAM);
magnetic disk storage media; optical storage media;
flash memory devices; biological electrical,
mechanical systems; electrical, optical, acoustical or
other form of propagated signals (e.g., carrier waves,
infrared 



signals, digital signals, etc.). The device or
machine-readable medium may include a
micro-electromechanical system (MEMS), nanotechnology
devices, organic, holographic, solid-state memory
device and /or a rotating magneticor optical disk. The
device or machine-readable medium may be distributed
when partitions of instructions have been separated
into different machines, such as across an
interconnection of computers or as different virtual
machines. [0083] While certain exemplary embodiments
have been described and shown in the accompanying
drawings, it is to be understood that such embodiments
are merely illustrative of and not restrictive on the
broad invention, and that this invention not be
limited to the specific constructions and arrangements
shown and described, since various other modifications
may occur to those ordinarily skilled in the art.
[0084] Reference in the specification to "an
embodiment," "one embodiment," "some embodiments," or
"other embodiments" means that a particular feature,
structure, or characteristic described in connection
with the embodiments is included in at least some
embodiments, but not necessarily all embodiments. The
various appearances "an embodiment," "one embodiment,"
or "some embodiments" are not necessarily all
referring to the same embodiments. If the
specification states a component, feature, structure,
or characteristic "may", "might", or "could" be
included, that particular component, feature,
structure, or characteristic is not required to be
included. If the specification or claim refers to "a"
or "an" element, that does not mean there is only one
of the element. If the specification or claims refer
to "an additional" element, that does not preclude
there being more than one of the additional
element.CLAIMS What is claimed is: 1. A method
comprising: laser projection patterning a metal panel
of a substrate; laminating a dielectric layer on the
metal panel; laser irradiating the substrate to form a
plurality of vias in the substrate; laser activating a
seed coat on the substrate; washing the seed coat from
an unpatterned portion of the substrate; forming a
patterned build-up layer on the substrate; and etching
away a metal plating forming metal protrusions. 2. The
method of claim 1, further comprising: dip coating the
substrate in a seeding solution to provide the seed
coat; 3. The method of claim 1, further comprising:
electrolytic plating a metal selectively on traces and
the plurality of vias on the patterned build-up layer
according to a predetermined interconnect pattern to
yield interconnects, wherein a sacrificial copper
plating is used to provide an electrical connection
for the electrolytic plating. 4. The method of claim
1, further comprising: performing laser assisted
metallization before the washing the seed coat, and
providing a patterned conductive layer on the
patterned-build-uplayer- substrate combination
according to the predetermined interconnect pattern by
electrolessly plating the
patterned-build-up-layer-substrate combination to
yield an electrolessly plated substrate.5. The method
of claim 1, wherein providing a patterned build-up
layer comprises removing non-activated portions of the
seed coat. 6. The method of claim 3, further
comprising: electrolytic metal plating the traces. 7.
The method of claim 3, further comprising: palladium
dry film resist lamination; and dry film resist
stripping the substrate. 8. The method of claim 1,
wherein the seed coat comprises palladium 



acetate. 9. The method of claim 1, wherein the
build-up layer comprises a palladium seeded organic
build-up layer. 10. The method of claim 1, wherein
laser projection patterning further comprises drilling
a plurality of micro vias. 11. A printed circuit board
comprising: a substrate having a metal panel; a seed
coat coupled to the substrate; a laminated dielectric
layer coupled to the metal panel; a plurality of vias
disposed in the substrate; a patterned build-up layer
coupled to the substrate, and a plurality of metal
protrusions coupled to the substrate. 12. The printed
circuit board of claim 11 wherein the seed coat is dip
coated on the substrate. 13. The printed circuit board
of claim 11, further comprising: a metal layer
selectively coupled on traces and the plurality of
vias on the patterned build-up layer according to a
predetermined interconnectpattern to yield
interconnects, wherein a sacrificial copper plating
operates to provide an electrical connection for the
metal layer. 14. The printed circuit board of claim
11, further comprising: a patterned conductive layer
coupled to the patterned-build-up-layersubstrate
combination according to the predetermined
interconnect pattern by electrolessly plating the
patterned-build-up-layer-substrate combination to
yield an electrolessly plated substrate. 15. The
printed circuit board of claim 11, wherein the seed
coat comprises palladium acetate. 16. A system
comprising: a printed circuit board including: a
substrate having a metal panel; a seed coat coupled to
the substrate; a laminated dielectric layer coupled to
the metal panel; a plurality of vias disposed in the
substrate; a patterned build-up layer coupled to the
substrate, and a plurality of metal protrusions
coupled to the substrate; and a memory device coupled
to the printed circuit board. 17. The system of claim
16, further comprising: a metal layer selectively
coupled on traces and the plurality of vias on the
patterned build-up layer, wherein a sacrificial copper
plating operates to provide an electrical connection
for the metal layer. 18. The system of claim 16,
further comprising: a patterned conductive layer
coupled to the patterned-build-up-layersubstrate
combination, /wherein the patterned conductive layer
is electrolessly plated.19. The system of claim. 16,
wherein the seed coat comprises palladium acetate. 20.
The system of claim 16, wherein the seed coat is dip
coated on the substrate. 


