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Reference to Related Appli ations This application
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Application No. 60/621,525, filed October 22, 2004,
the contents of which in their entireties are hereby
incorporated by reference. Background of the Invention
The present invention relates to contact lenses which
are wearable, on a continuous basis, for extended
periods of time. In particular, the invention relates
to flexible, hydrophilic silicon-containing contact
lenses which have advantageous combinations of
properties. Contact lenses are fundamentally
classified into soft and hard type lenses. Hard
contact lenses are literally hard and can be somewhat
uncomfortable to wear. On the other hand, soft contact
lenses are more comfortable to wear, but are commonly
removed from the eye at the end of each day. Soft
contact lenses are classified as hydrogel lenses and
non-hydrogel lenses . Conventional soft hydrogel
contact lenses are often composed of copolymers of
hydrophilic monomers, such as
hydroxyethylmethacrylate, N-vinylpyrrolidone and the
like, and can be prepared by lathe-cutting methods,
spin casting methods, cast molding methods or
combinations thereof, followed by a swelling treatment
in a physiological saline and/or phosphate buffer
solution to obtain lenses with water contents of about
20% or about 30% to about 80% by weight .Hort silicon
or silicone hydrogel contact lenses have been
suggested for continuous wear for extended periods of
time. For example, some silicone hydrogel contact
lenses are intended to be worn overnight. Some
silicone hydrogel contact lenses can be worn
continuously for about two weeks, and some silicone
hydrogel contact lenses can be worn continuously for
about one month or about thirty days. Such continuous
wear lenses have had relatively high oxygen
permeabilities to provide for oxygen access to the
cornea during the extended wearing of such lenses .
Oxygen permeability (Dk) is an important factor in
contact lens design to maintain ocular health for
contact lens wearers. A s established by Holden and
Mertz in 1984, a minimum of 87 x 10~9 (cm m l 02)/(sec
m l mmHg) oxygen transmissibility is required for
hydrogel contact lenses to limit overnight edema to 4%
(Holden et al., Invest. Ophtalmol. Vis. Sci.,
25:1161-1167(1984)). Physical properties such as
oxygen flux (j), oxygen permeability (Dk) , and oxygen
transmissibility (Dk/t) are used in referring to
properties of contact lenses. Oxygen flux can be
defined as a volume of oxygen passing through a
specified area of a contact lens over a set amount of
time. The physical units of oxygen flux can be
described as ml O2 (cm2 sec) . Oxygen permeability can
be defined as the amount of oxygen passing through a
contact lens material over a set amount of time and
pressure difference. Physical units of oxygen
permeability can be described as 1 Barrer or ICT11
(cm3 O2 cm) /(cm 3 sec mmHg). Oxygen transmissibility
can be defined as the amount of oxygen passing through
a contact lens of specified thickness over a set
amount of time and pressure difference. The physical
units of oxygen transmissibility can be defined as 10
9 (cm m l O )/ (ml sec mmHg) . Oxygen transmissibility
relates to a lens type with a particular thickness.
Oxygen permeability is a materialspecific property
that can be calculated from lens oxygen
transmissibility . Oxygen transmissibility is commonly
measured using polarographic and coulometric
techniques known by persons or ordinary skill in the
art. Oxygen permeability can be calculated by
multiplying the oxygen transmissibility (Dk/t) of a
lens by the mean thickness of the measured area.
However, it appears that the polarographic techniques
may not provide accurate measurements for high Dk
silicone hydrogel contact lenses, such as silicone
hydrogel contact lenses having a Dk greater than about
100 barrers . The variability associated with
polarographic techniques may be related to the issue
that for silicone hydrogel lenses having a Dk greater
than 100 barrers, the 



measurements tend to plateau at Dk values greater than
100. The coulometric technique is frequently used to
measure the Dk of lenses that are believed to have Dks
greater than 100 barrers . Prior art soft
silicon-containing hydrophilic contact lenses with
higher water contents tend to have reduced or lower
oxygen permeabilities. For example, a silicone
hydrogel contact lens available under the tradename,
Focus Night & Day (available from CIBA Vision
Corporation) , has a water content of about 24% and a
Dk of about 140 barrers. Another silicone hydrogel
contact lens available under the tradename, 02 Optix
(available from CIBA Vision Corporation) , has a water
content of about 33% and a Dk of about 110 barrers.
Another silicone hydrogel contact lens available under
the tradename, Acuvue Oasys (available from Johnson &
Johnson) , has a water content of about 38% and a Dk
of about 105 barrers. Another silicone hydrogel
contact lens available under the tradename, PureVision
(available from Bausch & Lomb) , has a water content
of about 36% and a Dk of about 100 barrers. Another
silicone hydrogel contactlens available under the
tradename, Acuevue Advance (available from Johnson &
Johnson) , has a water content of about 46-47% and a
Dk of about 65 barrers . In comparison, a non-silicone
hydrogel contact lens available under the tradename,
Acuvue2 (available from Johnson & Johnson) , has a
water content of about 58% and a Dk of about 25
barrers. In addition, existing silicone hydrogel
contact lenses have a modulus from between about 0.4
to about 1.4 mPa. For example, the Focus Night & Day
contact lens has a modulus of about 1.4 mPa, the
PureVision contact lens has a modulus of about 1.3
mPa, the 02 Optix has a modulus of about 1.0 mPa, the
Advance contact lens has a modulus of about 0.4 mPa,
and the Oasys contact lens has a modulus of about 0.7
mPa. In general, for existing silicone hydrogel
contact lenses, as the Dk increases, the modulus of
the lens increases. Furthermore, existing silicone
hydrogel contact lenses do not have desirable surface
wettabilities. For example, the Focus Night and Day
contact lens has a wetting angle of about 67, the
PureVision contact lens has a wetting angle of about
99, the 02 Optix contact lens has a wetting angle of
about 60, and the Advance contact lens has a wetting
angle of about 107. In comparison, non-silicone
hydrogel contact lenses have wetting angles of about
30. It is important that contact lenses be comfortable
and safe to wear. For example, silicone hydrogel
contact lenses should be comfortable and safe to wear
for daily use, for overnight wear, and/or for wearing
on an extended or continuous wear basis. One problem
that arises in extended or continuous wear contact
lenses is adhesion of the lens to the cornea during
lens wearing which can result in wearer discomfort,
eye irritation, corneal staining and/or other damage
to the eye. Although lenses with high water contents
are softer and more comfortable to wear,such prior art
lenses may not have one or more properties useful to
provide comfortable and safe wearing of the contact
lenses. For example, existing contact lenses may not
have a desirable Dk, a desirable surface wettability,
a desirable modulus, a desired design, and/or a
desirable water content. For example, silicone
hydrogel contact lenses with a high Dk typically have
a lower water content. In addition, such lenses are
more stiff compared to lenses with a higher water
content, and such lenses are less wettable. To reduce
stromal anoxia during daily wear of contact lenses, it
is desirable to produce a lens that has an oxygen
transmissibility of at least about 45. Lenses, such as
certain existing silicone hydrogel contact lenses,
with an oxygen transmissibility greater than 50 have
been developed to reduce stromal anoxia during daily
wear. To help improve the properties of silicone
hydrogel contact lenses, some lenses have been
produced which include one or more surface treatments
or surface modifications to attempt to make the lens
surfaces more hydrophilic. Other lenses have been
produced which include an interpenetrating network of
polyvinylpyrollidone and a silicon-containing polymer.
There continues to be a need for new silicone hydrogel
contact lenses which have advantageous combinations of
properties such as, enhanced flexibility or less
stiffness, 



better wettability, and/or better lens designs.
Summary of the Invention New contact lenses have been
invented. For example, contact lenses which comprise a
hydrophilic siliconcontaining polymeric component
(e.g., silicone hydrogel contact lenses) have been
invented. The present lenses can be understood to be
associated with one, two, or more ofthe following
features, a natural wettability (e.g., an untreated
surface wettability) , a high Dk, a high water
content, a low modulus, and designs that facilitate
wearing the contact lenses with reduced discomfort.
For example, the present lenses have one or more of
the foregoing properties when compared to existing
silicone hydrogel contact lenses. Or, stated
differently, the present lenses have different values
of one or more of the foregoing properties. The
properties of the present lenses lead to reduced
disomfort to the lens wearer wearing the present
contact lenses compared to existing silicone hydrogel
contact lenses . In certain embodiments, the present
silicone hydrogel contact lenses have one or more
surfaces that are not treated to become more
hydrophilic, have no wetting agents, and/or are
associated with low or no protein or lipid deposition.
In certain embodiments, the present silicone hydrogel
contact lenses have a relatively high Dk and a
relatively high water content compared to existing
silicone hydrogel contact lenses, such as those
described herein. For example, the present silicone
hydrogel contact lenses may have an equilibrium water
content from about 30% to about 60% by weight, and a
Dk from about 200 barrers to about 80 barrers. In one
embodiment, a silicone hydrogel contact lens has an
equilibrium water content from 20% to 70% by weight,
and a Dk from 220 barrers to 60 barrers. One example
of the present silicone hydrogel contact lenses has an
equilibrium water content of about 30% by weight and a
Dk of about 200 barrers. In certain embodiments, the
present lens has an equilibrium water content greater
than 20% by weight and a Dk greater than 160 barrers.
Another example of the present silicone hydrogel
contact lenses has a water content of about 60% by
weight and a Dk of about 80barrers. In one embodiment,
a silicone hydrogel contact lens has a water content
greater than 50% by weight and a Dk greater than 70
barrers. Yet another example of the present silicone
hydrogel contact lenses has a water content of about
48% by weight and a Dk greater than 100 barrers. Thus,
it can be understood that the present silicone
hydrogel contact lenses may have higher water content
and higher Dk relative to existing silicone hydrogel
contact lenses. Certain embodiments of the present
silicone hydrogel contact lenses have a relatively
higher Dk and a relatively lower modulus compared to
existing silicone hydrogel contact lenses, as
described herein. For example, the present silicone
hydrogel contact lenses may have a Dk from about 100
to about 200 barrers, and a modulus from about 0.4 mPa
to about 1.4 mPa . One example of a silicone hydrogel
contact lens has a Dk greater than 90 barrers and a
modulus from 0.3 mPa to 1.5 mPa. In certain
embodiments, the present silicone hydrogel contact
lenses have a Dk of about 100 and a modulus of about
0.4 mPa . In other embodiments, the present silicone
hydrogel contact lenses have a Dk of about 200 and a
modulus of about 1.4. In yet other embodiments, the
present silicone hydrogel contact lenses have a Dk of
about 150 barrers and a modulus of about 0.8 mPA. In
comparison, the existing Acuvue Advance silicone
hydrogel contact lens has a modulus of about 0.4 mPa
and a Dk of about 70. The existing Focus Night & Day
silicone hydrogel contact lens has a modulus of about
1.4 and a Dk of about 130. Thus, certain embodiments
of the present silicone hydrogel contact lenses have a
relatively greater Dk, a relatively higher water
content, and are relatively softer than existing
silicone hydrogel contact lenses .The present silicone
hydrogel contact lenses may comprise surfaces that
have a greater wettability than existing silicone
hydrogel contact lenses, such as those silicone
hydrogel contact lenses described herein. As
understood by persons of ordinary skill in the art,
the wettability of a contact lens surface can be
determined by measuring the wetting angle using a
method, such as the 



sessile drop method. Lower wetting angles correspond
to enhanced surface wettability. For purposes of
comparison, existing silicone hydrogel contact lenses,
such as those described herein, have surfaces that
provide a wetting angle from about 60 to about 110.
The present silicone hydrogel contact lenses may
comprise surfaces, such as the anterior and/or
posterior surface, that have a wetting angle less than
60. In certain embodiments, the present silicone
hydrogel contact lenses have surfaces that have a
wetting angle less than about 50. In further
embodiments, the present silicone hydrogel contact
lenses have surfaces that have a wetting angle of
about 30. At least one example of the present contact
lenses has a surface that has a wetting angle less thn
40. The present contact lenses with the lower wetting
angle, and therefore, enhanced surface wettability,
have higher Dks, higher water contents, and/or lower
modulus compared to existing silicone hydrogel contact
lenses, as discussed herein. The present lenses may
provide improvement or enhancement in patient comfort
compared to existing silicone hydrogel contact lenses,
as discussed herein. For example, whereas only about
15% of patients wearing existing silicone hydrogel
contact lenses reported satisfactory comfort wearing
the lenses, about 40% of patients wearing the present
silicone hydrogel contact lenses reported satisfactory
comfort wearing the lenses.In one specific embodiment,
the present contact lenses have a Dk from about 115 to
about 149 barrers, a water content of about 48% by
weight, and a modulus of about 0.84 mPa. For example,
a contact lens may have a Dk greater than 105 barrers,
a water content greater than 45% by weight and a
modulus greater than 0.8 mPa. In certain embodiments,
the present silicone hydrogel contact lenses have a
water content greater than about 50% by weight, a
modulus from about 0.3 to about 0.5 mPa, and a Dk from
about 70 to about 100 barrers. For example, a contact
lens may have a water content greater than 50% by
weight, a modulus from 0.2 mPa to 0.6 mPa, and a Dk
greater than 60 barrers. Such embodiments may be
useful as daily wear silicone hydrogel contact lenses
. In additional embodiments, the present silicone
hydrogel contact lenses have a Dk of at least about
120 barrers and a water content of at least about 48%
by weight. Such embodiments may be useful as extended
or continuous wear silicone hydrogel contact lenses.
By way of comparison, as discussed herein, the Acuevue
Advance silicone hydrogel contact lens has a Dk of
about 105, a water content of about 46% by weight, and
a modulus of 0.7 mPa. The present lenses are
hydrophilic, and have unique and advantageous
combinations of properties as described herein. The
combinations of properties are helpful in evaluating
appropriate conditions for wearing the present lenses.
For example, certain combinations of properties, such
as high water content, relatively lower Dk, and low
modulus may be desirable or acceptable for daily wear
silicone hydrogel contact lenses, such as lenses that
can be worn overnight without cleaning, but that are
typically disposed of on a daily basis. Other
combinations of properties, such as high Dk, high
water content, and low modulus may be effective in
facilitating the use of suchlenses in continuous or
extended wear applications, such as for more than one
night, such as for at least about five days, for
example about two weeks or more, or at least about one
month. The present contact lenses can be relatively
easily and cost effectively produced. Using such
lenses provides advantages, such as, vision correction
with reduced lens handling and maintenance, continuous
or extended wearing of contact lenses, while being
ophthalmically compatible and providing for wearer
comfort and safety. In one broad aspect, contact
lenses comprise lens bodies that are configured to be
placed or disposed on a cornea of an animal or human
eye. The lens bodies comprise a hydrophilic
silicon-containing polymeric material or materials.
The lens bodies have Dk' s or oxygen permeabilities of
greater than about 70 barrers or about 80 barrers or
about 100 barrers or about 105 barrers or about 110
barrers or about 115 barrers or about 120 barrers or
about 125 barrers or about 130 barrers or about 150
barrers or about 180 barrers or about 200 barrers or
more and 



equilibrium water contents of greater than about 15%
or about 30% or about 35% or about 40% or more by
weight. The present contact lenses are ophthalmically
compatible, and advantageously are adapted and
structured and/or are effective for continuous wear on
a cornea of a human or animal eye, for example, for 1
day or 5 days or at least about 5 days or more . In
one embodiment, the lens body, that is the
ophthalmically compatible lens body, of the present
contact lens, does not have, for example, is produced
without, surface treatment or modification, such as on
the anterior face and/or posterior face of the lens
body. In certain prior art lenses such surface
treatment was required to enhance surface wettability
and/or one or more otherpropertxes of the lenses. The
present lenses, advantageously have ophthalmic
compatibility without requiring such surface treatment
or modification. For example, the present lenses can
be produced by polymerizing a lens precursor
composition in a contact lens mold assembly to form a
contact lens that can undergo extraction and packaging
steps without requiring a post-polymerizing surface
modification to remain sufficiently wettable when
placed on an eye of an individual. In addition, some
embodiments of the present lenses do not require
polyvinylpyrollidone (PVP), such as a PVP containing
interpenetrating network, and/or other additivies, to
obtain the desired wettability of the present lenses.
In certain embodiments, the present lenses are free of
a surface modification or surface treatment and do not
include a PVP-containing interpenetrating network. In
other words, the present contact lenses can be
produced bypolymerizing or curing a lens precursor
composition in a contact lens mold and extracting and
hydrating the polymerized lens. The hydrated lens
produced in the mold includes an anterior surface
and/or posterior surface that is sufficiently wettable
to be worn on an eye with reduced discomfort or
without substantial discomfort, to a lens wearer, and
without requiring a surface treatment. Thus,
embodiments of the present invention may be understood
to be non-surface treated silicone hydrogel contact
lenses. In one embodiment, the lens bodies of the
present contact lenses may have a combination of
properties, including an effective or appropriate
ionoflux to substantially inhibit, or even
substantially prevent, corneal staining, for example,
corneal staining more severe than superficial or
moderate corneal staining, after the contact lens is
worn continuously on a cornea of a human or animal eye
for 8 hours or more, for example, for about 1day, or
about 5 days, or about 10 days, or about 20 days or
about 30 days or longer. The oxygen permeability of
the present lens bodies may be measured with the
contact lens in the wet or fully hydrated state. The
oxygen permeability or Dk is expressed as barrers,
that is 10 10 (ml O2 mm) /(cm2 sec. mm Hg) or 10 10 ml
O2 mm cm 2 sec. 1 mm Hg 1 . Preferably, the lens body
has a Dk of at least about 80 barrers or about 100
barrers or about 105 barrers or about 110 barrers or
about 115 barrers or about 120 barrers or about 125
barrers or about 130 barrers, or at least about 150
barrers or about 180 barrers, or even at least about
200 barrers or more. The larger values of Dk of the
present lens bodies are highly useful in that oxygen
is substantially accessible to the cornea of an eye
even when a contact lens is located on the cornea
continuously from a prolonged period of time, as
described herein. The present lens bodies may have
effective or appropriate structural or mechanical
characteristics, such as modulus, tear strength,
elongation and/or one or more of the like properties,
to withstand continuous contact lens wear for extended
or prolonged periods of time, as described herein. For
example, present lens bodies may have effective or
appropriate modulus for use as continuous wear contact
lenses . The present contact lenses include a lens
body comprising a hydrophilic silicon-containing
polymeric material. In one embodiment, the polymeric
material comprise units from a silicon-containing
monomer, for example, from two silicon-containing
macromers having different molecular weights, and
preferably different chemical structures . Such an
embodiment may be 



particularly useful for continuous wear silicone
hydrogel contact lenses, such as silicone hydrogel
contact lensesthat can be worn continuously for about
30 days. In another embodiment, the present contact
lenses comprises only one silicon-containing macromer
having a relatively high molecular weight. This
embodiment, that is the embodiment comprising one
silicon-containing macromer may be particularly useful
for daily wear silicone hydrogel contact lenses that
can be worn while sleeping, but that are typically
discarded on a daily basis. Each and every feature
described herein, and each and every combination of
two or more of such features, is included within the
scope of the present invention provided that the
features included in such a combination are not
mutually inconsistent. In addition, any feature or
combination of features may be specifically excluded
from any embodiment of the present invention. These
and other aspects and advantages of the present
invention will become apparent in the following
detailed description, examples and claims. Detailed
Description The present contact lenses have unique and
advantageous combinations of properties which
facilitate the use of such lenses for prolonged
wearing of the contact lenses by lens wearers. For
example, the present lenses can be worn while a person
sleeps. In certain embodiments, the lenses have
properties that facilitate the use of the lenses for
daily wear, which can include overnight wear. In other
embodiments, the lenses have properties that
facilitate use of the lenses in continuous or extended
wear applications, such as for more than 5 days (e.g.,
for about 30 days) . The present contact lenses
provide advantages, such as, vision correction with
reduced lens handling and maintenance, continuous or
extended wearing of contactlenses, and being
ophthalmically compatible and/or providing for wearer
comfort and safety. In one broad aspect, the present
invention provides silicone hydrogel contact lenses
that comprise a nonsurface treated lens body. The lens
body comprises a hydrophilic, silicon-containing
polymeric material, and has at least one of an oxygen
permeability, a water content, a surface wettability,
a modulus, and a design that is effective in
facilitating ophthalmically compatible wearing of the
contact lens by a lens wearer at least for one day. In
certain embodiments, the lens body has two or more of
the foregoing features, such as oxygen permeability,
water content, surface wettability, modulus, and
design. In additional embodiments, the lens body has
three or more of the foregoing features . As used
herein, ophthalmically compatible can be understood to
refer to the wearing of the present lenses by a lens
wearer with little or no discomfort, and little or no
occurrence of features associated with existing
silicone hydrogel contact lenses, such as lipid or
protein deposition, corneal staining, and the like. In
certain embodiments, the lens body has all of the
aforementioned properties useful in lenses that are
worn for at least one day, including daily wear lenses
. In further embodiments, the lens body has all of the
aforementioned properties useful in lenses that are
worn for about thirty days, including continuous wear
contact lenses . Certain embodiments, such as the
present daily wear lenses, of the contact lenses
comprise a hydrophilic silicon-containing polymeric
material that comprises units from a hydrophilic
silicon-containing macromer, such as one hydrophilic
silicon-containing macromer. Other embodiments,
including the present continuous wear contact lenses,
of the contact lenses comprise a
hydrophilicsilicon-containing polymeric material that
comprises units from two different hydrophilic
silicon-containing macromers, each macromer having a
different molecular weight . Embodiments of the
present silicone hydrogel contact lenses comprise a
lens body having an oxygen permeability of at least
about 70 barrers, a water content of at least about
30% by weight, a modulus less than about 1.4 mPa, and
a contact angle on a surface of the lens body less
than about 60 degrees. In some embodiments, the lens
body has an oxygen permeability greater than about 110
barrers. In some embodiments, the lens body has a
water content greater than about 45% by weight. In
some embodiments, the lens 



body has a modulus less than about 0.9 mPa . For
example, one embodiment of the present silicone
hydrogel contact lenses comprises a lens body that has
an oxygen permeability of at least about 115 barrers,
a water content of about 48% by weight, and a modulus
of about 0.8 4 mPa. As another example, one embodiment
of the present silicone hydrogel contact lenses
comprises a lens body that has an oxygen permeability
from about 70 barrers to about 100 barrers, a water
content of at least about 50% by weight, and a modulus
from about 0.3 mPa to about 0.5 mPa. These and other
features of the present lenses are included in the
following description and summary above. In another
broad aspect, the present invention is directed to
contact lenses which comprise lens bodies that are
configured to be placed or disposed on a cornea of an
animal or human eye. The lens bodies comprise a
hydrophilic silicon-containing polymeric material or
materials. The lens bodies have Dk' s or oxygen
permeabilities of greater than about 70 barrers or
about 75 barrers or about 80 barrers or about 85
barrers or about 90 barrers or about 95 barrers or
about 100 barrers or about105 barrers or about 110
barrers or about 115 barrers or about 120 barrers or
about 125 barrers or about 130 barrers or about 150
barrers or about 180 barrers or about 200 barrers, and
equilibrium water contents of greater than about 15%
or about 30% or about 35% or about 40% by weight. The
present contact lenses are ophthalmically compatible,
as defined herein, and are advantageously adapted and
structured and/or are effective for continuous wear on
a cornea of a human or animal eye, for example, for
about 1 day or for about 5 days or for at least about
5 days or about 10 days or about 20 days or about 30
days or more. As used herein, the term "ophthalmically
compatible" as applied to the present contact lenses
and lens bodies may also be understood to mean that
such lenses and lens bodies are effective to provide
the following features in continuous wear
applications: (1) allow oxygen to reach the cornea of
an eye wearing the lens in an amount sufficient for
long term corneal health; (2) cause no substantial
undue corneal swelling or edema in an eye wearing the
lens, for example, cause no more than about 5% or
about 10% corneal swelling after being worn on a
cornea of an eye during an overnight sleep; (3) allow
movement of the lens on the cornea of an eye wearing
the lens sufficient to facilitate tear flow between
the lens and the eye, in other words, does not cause
the lens to adhere to the eye with sufficient force to
prevent substantially normal lens movement; (4) allow
wearing of the lens on the eye without undue or
significant discomfort and/or irritation and/or pain,
for example, allow wearing of the lens with
substantial comfort and/or substantial freedom from
irritation and/or substantial freedom from pain; and
(5) inhibit or substantially prevent lipid and/or
protein deposition sufficient to substantially
interfere with the functioning of the lens during
wear, for example, inhibitor substantially prevent
lipid and/or protein deposition sufficient to cause
the lens wearer to remove the lens because of such
deposition. Advantageously, such ophthalmically
compatible contact lenses and lens bodies in addition
inhibit, reduce, or even substantially prevent,
corneal staining after the lens is continuously worn
on a cornea of an eye, for example, during an
overnight sleep. Corneal staining is a measure of
corneal epithelium cell damage or destruction. The
corneal epithelium is about 50 microns thick and
comprise 5-7 layers of cells. The epithelium is
constantly regenerated with the outermost layer of
cells sloughing off into the tear film with the
assistance of blinking. The innermost cell layer is
pushed forward by new cell growth beneath and this
layer gradually transforms to become the outermost
layer of cells following repeated cycles of new growth
over about 7 days. Damaged or dead epithelial cells
are stained when exposed to sodium fluorescein. Thus,
the degree of such staining can be used to measure the
degree of cell damage/destruction. Some degree of
corneal staining is often present with the wearing of
conventional daily-wear and continuous wear contact
lenses, and can occur even without contact lens wear .
The use of sodium fluorescein is routinely used in
clinical practice to identify the degree of corneal 



epithelial damage. This is because sodium fluorescein
can passively accumulate into damaged cells or pool in
areas where cells have been removed. One can determine
the clinical significance of epithelial damage and,
therefore, its management by evaluating both the
extent of area of cornea which shows fluorescein
staining as well as whether the fluorescein is able to
penetrate and diffuse into the corneal stroma. The
faster the time taken for the diffusion to occur into
the stroma the greater number oflayers have been
damaged. Furthermore, the pattern of the staining is
also a crucial indicator of the likely aetiology of
the corneal staining e.g. superficial punctuate
keratitis, superior epithelial arcuate lesions (SEALs)
, foreign body tracking, arcuate staining, etc.
Grading scales have been developed for quantifying
corneal staining and are well known. See Terry RL et
al, "Standards for Successful Contact Lens Wear,"
Optom. Vis. Sci. 70(3) :234-243, 1993. In one
embodiment, the present lenses are structured and/or
have combinations of properties so as to substantially
inhibit, even substantially prevent, corneal staining
after the lens is continuously worn during an
overnight sleep or for at least 1 day or at least 5
days or at least 10 days or at least 2 0 days or at
least 30 days. For example, the wearing of the present
lenses advantageously may result in corneal staining
(staining grading scale of 1.0 or more) incidences of
less than about 30% or about 20% or about 10%, based
on a representative population of lens wearers. In the
immediately preceding paragraph, the type of corneal
staining considered is inferior corneal dehydration
staining. This staining characteristically occurs in
the inferior half of the cornea where the dehydration
of the tear film on the anterior surface of the lens
is greatest and during wear creates an osmotic
gradient that draws water from the contact lens. If
the lens is thin enough or the material has a
propensity to lose water, e.g., has a relatively high
ionoflux, then the osmotic gradient can be
sufficiently great to dehydrate the tear film
underneath the contact lens and subsequently dehydrate
the corneal epithelium. This dehydration of the
epithelium results in corneal damage and therefore
corneal staining by fluorescein. This staining is
usually limited to thesuperficial 2-3 layers o the
epithelium and spread over the inferior portion of the
cornea, but if the stimulus is sufficiently great,
damage can be deep and severe allowing rapid diffusion
of fluorescein into the stroma. The staining can occur
rapidly within a few hours of lens insertion but
usually takes 4-6 hours or more. Likewise the
epithelial damage can resolve rapidly within 2-3 hours
once the stimulus for dehydration has been removed.
The greater the stimulus the faster the staining will
be induced and the longer it will take to heal but
typically it would not take more than 4-6 hours to
resolve. In one embodiment, the lens bodies of the
present contact lenses may have combinations of
properties, including effective or appropriate ionof
luxes, to substantially inhibit, or even substantially
prevent, corneal staining, as described herein. In one
useful embodiment, the present lens bodies have ionof
luxes of no greater than about 5 , more preferably no
greater than about 4 or about 3 , for example, no
greater than about 2 or about 1 or less. Ionof lux is
expressed as lCT3mm2/min. The ophthalmically
compatible lens bodies, of the present contact lenses
may have no surface treatment or modification, for
example, may be produced without surface treatment or
modification, such as on the anterior face and/or
posterior face of the lens body, to enhance surface
wettability and/or one or more other beneficial
properties of the lens bodies. Advantageously, no such
surface treatment or modification is provided on
either the anterior face or the posterior face of the
present ophthalmically compatible lens bodies. By not
having such surface treatment or modification, the
lens manufacturing process is less complex and
expensive, and more efficient. Further, with no such
surface treatment/modification, thepresent lens bodies
advantageously have more reproducible and/or more
homogeneous surfaces. In addition, the lens wearer is
not exposed to a surface treatment on the lens, which
may, in and of itself, cause eye irritation and the 



like. The oxygen permeability of the present lens
bodies is measured with the contact lens in the wet or
fully hydrated state. The oxygen permeability or Dk is
expressed as ICT10 (ml O2 mm) /(cm2 sec mm Hg) or
barrer. Preferably, the lens body has a Dk of at least
about 70 barrers or about 75 barrers or about 80
barrers or about 85 barrers or about 90 barrers or
about 95 barrers or about 100 barrers or about 105
barrers or about 110 barrers or about 115 barrers or
about 120 barrers or about 125 barrers or about 130
barrers, or about 150 barrers or about 180 barrers or
even at least about 200 barrers or more. The
relatively high values of Dk of the present
ophthalmically compatible lens bodies are highly
advantageous in that oxygen is substantially
accessible to the cornea of an eye even when a contact
lens is located on the cornea continuously for a
prolonged period of time, as described herein. An
additional mechanical property that may be effective
in providing the present ophthalmically compatible
contact lenses and lens bodies is elongation. The
present lens bodies have sufficient elongations to
facilitate lens handling ease, lens structural
integrity, lens wear comfort, effective lens movement
on the cornea and the like benefits . Lens bodies with
insufficient elongation often suffer deficiencies in
one or more of these areas. In a very useful
embodiment, the present lens bodies have elongations
of at least about 90% or about 100% or about 120%.
Lens bodies having elongations of at least about 180%
or about 200% are very useful.The Dk values of the
present lens bodies, together with the equilibrium
water contents and/or the relatively low ionofluxes
and/or the relatively high elongations of the present
lens bodies effectively facilitate ophthalmic
compatibility of the present contact lenses and/or
enhanced safety and comfort of the wearer of the
present contact lenses, making continuous wear of such
lenses more beneficial for the lens wearer. Moreover,
in addition to the present ophthalmically compatible
lens bodies having useful or effective Dk values and
equilibrium water contents, and advantageously
relatively low ionofluxes, such lens bodies preferably
have sufficient structural or mechanical
characteristics, such as modulus to reduce lens/eye
interactions such as SEALs, contact lens papillary
conjunctivitis (CLPC) and the like, tear strength,
and/or one or more of the like mechanical properties,
to allow or at least facilitate the lens bodies being
able to withstand continuous contact lens wear for
extended or prolonged periods of time, as described
herein. The present ophthalmically compatible lens
bodies have sufficient modulus for use as continuous
wear contact lenses. In one useful embodiment, the
modulus of the lens body is about 1.5 mPa , about 1.4
mPA, or about 1.2 mPa or less, preferably about 1.0
mPa or less and more preferably about 0.8 mPa or less
or about 0.5 mPa or less or about 0.4 mPa or less or
about 0.3 mPa or less. For example, one embodiment of
the present lenses has a modulus of about 0.84 mPa .
Another embodiment of the present lenses has a modulus
from about 0.3 mPa to about 0.5 mPa. Lens bodies which
have sufficient modulus for use as continuous wear
contact lenses, but reduced modulus relative to prior
art continuous wear lenses, for example, less than 1.0
MPa, are advantageous, for example, for the comfort of
the wearer of the continuous wear contact lens .In a
particularly useful aspect of the present invention,
the present contact lenses include a lens body
comprising a hydrophilic silicon-containing polymeric
material. In one embodiment, the polymeric material
comprises units from at least two silicon-containing
macromers having different molecular weights, and
preferably different chemical structures .
Advantageously, one of the macromers has a number
average molecular weight greater than about 5,000 or
greater than about 8,000 or greater than about 10,000.
In another embodiment, the polymeric material
comprises units from only one siliconcontaining
macromer. For example, an embodiment of the present
lenses comprises units of a silicon-containing
macromer having a number average molecular weight of
at least about 10, 000. The polymeric material may
comprise units from a silicon-containing macromer
having a number average 



molecular weight of less than about 5,000, for
example, less than about 3,000 or less than about
2,000. When units from two silicon-containing
macromers are included in the polymeric material, such
macromers advantageously have number average molecular
weights which differ by at least about 3000 or about
5000, more preferably by at least about 10,000. In one
useful embodiment, units from a high molecular weight
siliconcontaining macromer are present in the
polymeric material in a greater amount by weight than
are units of a low molecular weight silicon-containing
macromer. For example, the weight ratio of high
molecular weight macromer to low molecular weight
macromer used to produce the present lens bodies may
range from about 1.5 or about 2 to about 5 or about 7
. Without wishing to limit the invention to any
particular theory of operation, it is believed that
the useof two different molecular weight
silicon-containing macromers in producing the present
lens bodies is advantageous in providing appropriate
or effective high oxygen permeability and appropriate
or effective equilibrium water content and/or
relatively low ionoflux while providing lens bodies
effective for use in continuous wear contact lenses,
for example, ophthalmically compatible contact lenses
that can be worn for about thirty days, if desired.
The use of different molecular weight
siliconcontaining macromers provides compatibility
with the other components used to produce the lens
bodies, and may provide a degree of heterogeneity in
the present lens bodies, for example, on a molecular
level, that at least facilitates providing a lens body
having a desirable combination of physical properties
which facilitates the lens body being highly
advantageous for use in a continuous wear contact lens
. In other embodiments comprising units from one
silicon-containing macromer, appropriate lens
properties can be obtained that facilitate use of the
lenses on a daily basis, such as for overnight wear.
In one useful embodiment, one of the siliconcontaining
macromers, preferably the low molecular weight
macromer, is mono-functional, that is it comprises
only one group per molecule which participates in the
polymerization reaction to form the silicon-containing
polymeric material. Without wishing to limit the
invention to any particular theory of operation, it is
believed that the monofunctional macromer facilitates
or enhances component compatibility and/or
heterogeneity, for example, on a molecular level, of
the polymeric material. That is, the morphology of the
polymeric material of the lens body is believed to be
sufficiently non-uniform or heterogenous such that
different phase domains are present in the polymeric
material. This enhanced heterogeneous morphologyis
believed to enhance the ophthalmic compatibility of
the polymeric material and/or to increase at least one
of the Dk and the equilibrium water content and/or
reduce the ionoflux, while maintaining or even
reducing the modulus of the polymeric material,
relative to a similar polymeric material comprising
units from only one silicon-containing macromer or
relative to a similar polymeric material comprising
units from two silicon-containing macromers both of
which have at least two functional groups per
molecule. In any event it has been found that contact
lenses with unique and advantageous combinations of
properties, which combinations of properties make the
present lenses ophthalmically compatible, and
advantageously highly effective for continuous or
extended wear, can surprisingly be provided by
selecting and processing macromers and monomers, as
described herein, into lens bodies of contact lenses .
There is no limitation in a composition of the contact
lenses of the present invention so long as the lenses
have the combinations of properties and/or perform in
daily wear applications or continuous or extended wear
applications as set forth herein. In one embodiment,
contact lenses in accordance with the present
invention include a polymer containing units from a
hydrophilic siloxanyl methacrylate shown by formula I
. Rl R3 I ! X1 - SiO - [Yl] Si - X1 (I) 



! ! R2 R4wherein, X i is a polymerizable substituent
shown by the following formula: R 5 I CH = CC- (O)
P-(CHa) n, - Zl C 2H4O - (CH2 )n - wherein, Rl, R2, R3
and R4 are groups independently selected from
hydrocarbon groups having 1 to about 12 carbon atoms
and a siloxanyl group, such as a trimethylsiloxy
group; and the structure [Yl] is a polysiloxane
backbone comprising not less than 2 siloxane units; R5
is a hydrogen or a methyl group; Zl is a group
selected from -NHCOO-, -NHCONH-, -OCONH-R -NHCOO-,
-NHCONHR7- NHCONH- and -OCONH-RS-NHCONH-, with R6, R7
and R8 independently selected from hydrocarbon groups
having 2 to about 13 carbon atoms; m is an integer
from 0 to about 10; n is an integer from about 3 to
about 10; p is 0 when m is 0 and 1 when m is 1 or
greater; and q is an integer from 0 to about 20. In
formula I , the structural unit Y l may have the
following formula R9 (SiO); RlO wherein R 9 and RlO
are groups selected from hydrocarbon groups having 1
to about 12 carbon atoms, for example,methyl groups,
hydrocarbon groups substituted with one or more
fluorine atoms, trimethylsiloxy groups, and
hydrophilic substituents, and may be different from
each other in the sequential chain; and r is an
integer from about 7 to about 1000. Use of such a
hydrophilic siloxanyl methacrylate in accordance with
the present invention provides contact lenses with
high oxygen permeability, reduced deposition of
proteins and lipids, superior or enhanced maintenance
of lens water wettability during continuous lens wear,
acceptable lens movement on the cornea of an eye, and
reduced adhesion to a cornea. In one embodiment, at
least one of Rl, R2, R3 and R4 may be selected from
the groups shown by the following formulas (Ia), (2a)
and (3a): C3H5Si (-OSi(CH 3) )3 (Ia) CH3 ! -C3HgSi
(-OSiCH2CH2CF3)3 (2a) I CH CH3 i -C3H6Si (-OSi) -OSi
(CH3 ) 3) 3 (3a) I CH3 wherein, g i s an integer from
1 t o about 10 .One or more hydrophilic substituents
may be included in the silicon-containing monomers and
may be, for example, selected from linear or cyclic
hydrocarbon groups linked with at least one
substituent selected from hydroxyl groups and
oxyalkylene groups, such as groups shown by the
following formulas (3b) and (4b) : -R21(OH)i (3b)
wherein, R21 is a hydrocarbon group having about 3 to
about 12 carbon atoms and may have -0-, -CO- or -COO-
group inserted between carbon atoms; provided that the
number of hydroxyl groups on the same carbon atom is
limited to only one, and i is an integer larger than 1
; -R22- (OR23) j-0Z2 (4b) wherein R22 is a hydrocarbon
group having about 3 to about 12 carbon atoms and may
have -0-, -CO- or -COO- group inserted between carbon
atoms; R23 is a hydrocarbon group having about 2 to
about 4 carbon atoms and the number of carbon atoms
may be different from each other when j is not less
than 2 ; j is an integer from 1 to about 200; Z2 is a
group selected from hydrogen, hydrocarbon groups
having about 1 to about 12 carbon atoms and -OOCR2 4 ,
where R24 is a hydrocarbon group having about 1 to
about 12 carbon atoms . Examples of hydrophilic groups
comprise, without limitation: monohydric alcohol
substituents such as -C3HgOH, -C8H i6OH, -C3H6OC2H4OH,
-C3H6OCH2CH(OH)C 3, -C2H4COOC 2H4OH, - C2H4COOCH
2CH(OH)C 2H5 and the like; polyhydric alcohol 



substituents such as -C3H6OCH2CH(OH)CH 2OH, C2H COOCH
2CH(OH)CH 2OH, -C3H6OCH2C(CH 2OH) 3 and the like; and
polyoxyalkylene substituents such as -C3H (OC2H )40H,
-C3H6 (OC2H4) oOH, -C3H6 (OC2H4)I0OCH 3, -C3H6
(OC2H4)10,- (OC3H6)I0OC4 H9 and the like. Among these,
particularly useful groups comprise: alcohol
substituents such as -C3H OH, - C3H6OCH 2CH(OH)CH 2OH
and -C3H6OC2H4OH; and polyoxyethylene substituents
such as -C3H6 (OC2H4)k0H and -C3H6 (OC2H4)LCH3 wherein
each of k and 1 independently is an integer from about
2 to about 40, preferably about 3 to about 20, from
the viewpoints of superior hydrophilicity and oxygen
permeability . One or more fluorine-containing
substituents provide staining resistance to the
polymeric material, but an excess substitution may
impair hydrophilicity. A hydrocarbon substituent
having 1 to about 12 carbon atoms linked with fluorine
atoms is very useful. Such useful fluorine-containing
groups comprise, without limitation: 3 , 3 ,3-trif
luoropropyl group, 1 , 1 ,2 ,2-tetrahydrof luorooctyl
group, 1 , 1 ,2,2-tetrahydroperf luorodecyl group and
the like. Among these, 3 ,3 ,3-trifluoropropyl group
is very useful in view of the hydrophilicity and
oxygen permeability obtained in the resulting lens
body. Besides the hydrophilic substituents and the
fluorinecontaining substituents, substituents linked
to silicon atoms may comprise, without limitation,
hydrocarbon groups having one to about 12 carbon
atoms, trimethylsiloxy groups and the like, and may be
the same or different from each other. A very useful
group is an alkyl group having 1 to about 3 carbon
atoms, and methyl group is particularlyuseful . In the
general formula I , m advantageously is an integer
from 0 to about 4 . If m is about 5 or greater, the
monomer may become too hydrophobic to be compatible
with the other monomers, giving a cloudiness during
polymerization and difficulty in homogeneous mixing of
the monomers. In the formula (3a), if g is greater
than about10, the monomer may have reduced
compatibility with the other monomers. The above
described hydrophilic siloxanyl methacrylate may be
synthesized by reacting 2-isocyanatoethyl methacrylate
with siloxanylalkyl alcohol. The present contact
lenses may have equilibrium water contents in a range
of about 25-60% by weight, comprise hydrophilic
silicon-containing polymeric material, and have oxygen
permeabilities, expressed as Dk, of not less than
about 80 or about 90 or about 100 or about 110 or
about 12 0 . The lenses may provide one or more, for
example, at least 2 or 3 or more, and advantageously
all, of the following: reduced adsorption of proteins
and lipids to the inner part of lens; easy lens care,
acceptable lens movement on the eye, acceptable
stability in lens shape, flexibility and wear comfort,
thus enabling use in continuous wear applications. In
one very useful embodiment, the present contact lenses
are sufficiently ophthalmically compatible to be
effective for continuous wear for at least 5 days or
at least 10 days or at least 20 days or at least 30
days. Water contents less than 5% or less than 15% by
weight are often undesirable due to an easy adsorption
of lipids to lens, potentially resulting in adhesion
of the lens to the cornea of the eye wearing the lens.
Water contents over 60% are often undesirable, giving
the lens low strength, lens dehydration, poor scratch
resistance in handling, easy fracture and high
adsorption of proteins. Lenses with oxygen
permeabilities lower than a Dk of about 80 are
undesirable in continuous wear lenses. Lenses with
tensile modulus less than about O.2xlO 7 dyne/cm 2
(MPa) are often undesirable due to relative
instability in lens shape and difficulty in lens
handling. Lenses with tensile modulus over about
1.5xlO 7 dyne/cm 2 (Mpa) or about 2xlO 7dyne/cm^ (Mpa)
are undesirable, for example, because of a significant
decrease in lens movement on the cornea and an
increased occurrence of adhesion to the cornea, lens
flexure problems, comfort issues during lens wearing
and the like concerns. Among other useful hydrophilic
silicon-containing monomers for the contact lenses of
the present invention are those having the structures
shown by the following formulas Ia and Ib because
lenses from polymeric materials including units for
such monomers, for example, together 



with units of other silicon-containing monomers,
provide a well-balanced combination of properties,
including, but not limited to, water content, oxygen
permeability and modulus, together with less
deposition of proteins and lipids, and are
advantageously ophthalmically compatible: CH3 CH
2=CCOOC 2H4WHCOO-C 2H4OC3H6-Si- (~0~Si (CH3 )3)3 (Ia)
CH3 CH3 CH3 CH I f I I H2C=CCOOC2H4NHCOOC2H4OC3HsSiO-
(SiO )h -SiRIl (Ib) I I I CH3 CH3 CH3 wherein h is an
integer from about 8 to about 70 and RIl is a
non-polymerizable or non-functional group, for
example, a hydrocarbon group having about 1 to about 6
carbon atoms . In one very useful embodiment RIl is
-C4H9. The compound identified in formula (Ib) , in
one embodiment, may be considered a macromer, for
example, having a molecular weight in a range of about
1,000 to about 3,000 or about5,000. The integer h is
selected to provide a macromer with the desired
molecular weight. Such a macromer is particularly
useful in combination with another siliconcontaining
macromer having a higher molecular weight, as
described elsewhere herein. For example, and without
limitation, a compound of the general formula I , for
example, by proper selection of the value for r", can
be a macromer having a number average molecular weight
of at least about 5000 or about 8,000 or about 10,000
to about 25,000 or more. Such a high molecular weight
macromer can be used in combination with a low
molecular weight macromer, for example, as illustrated
by formula Ib, to produce lens bodies for contact
lenses which are sufficiently ophthalmically
compatible to be effective in continuous wear
applications, as described elsewhere herein. In one
embodiment, the use of the combination of such high
and low molecular weight siliconcontaining macromers
to produce a contact lens body provides for enhanced
ophthalmic compatibility and/or enhanced effectiveness
in such continuous wear applications relative to a
substantially identical contact lens body produced
without one of the high molecular weight macromer or
the low molecular weight macromer. Any polymer which
contains units from one or more hydrophilic
silicon-containing monomers and/or macromers described
herein can be used in the contact lenses of the
present invention. For example, the polymer may
include copolymers with the following copolymerizable
compounds: acrylic monomers such as methyl acrylate,
ethyl acrylate and acrylic acid; methacrylic monomers
such as methyl methacrylate, ethyl methacrylate,
2-hydroxyethyl methacrylate and methacrylic acid;
siloxane monomers such as tris (trimethylsiloxy)
silylpropyl methacrylate, bis
(trimethylsiloxy)methylsilylpropyl
methacrylate,pentamethyldisiloxanepropyl methacrylate,
tris (trimethylsiloxy) silylpropyloxyethyl
methacrylate, and tris (polydimethylsiloxy)
silylpropyl methacrylate; fluorosiloxane monomers such
as tri (dimethyltrif luoropropylsiloxy) silylpropyl
methacrylate; fluoroalkyl monomers such as 2 ,2
,2-trifluoroethyl methacrylate, 2 ,2 ,3 ,3 ,3-pentaf
luoropropyl methacrylate and hexafluoroisopropyl
methacrylate; fluoroalkyl and fluoroalkylether
monomers containing hydroxyl group such as 1 , 1 , 2
,2-tetraf luoroethoxy-2-hydroxypropyl methacrylate;
hydrophilic monomers such a N-vinylpyrrolidone, N ,N'-
dimethylacrylamide and N-vinyl-N-methylacetamide;
crosslinkable monomers such as ethylene glycol
dimethacrylate, tetraethylene glycol dimethacrylate
and tetramethyldisiloxanebis (propylmethacrylate) .
Among these, copolymers with siloxane methacrylates,
fluoroalkylsiloxane methacrylates, fluoroalkyl
methacrylates, fluoroalkylether methacrylates
containing hydroxyl groups, hydrophilic monomers,
crosslinkable monomers with two or more unsaturated
groups within a molecule and siloxane macromers with
polymerizable unsaturated groups at molecular ends are
preferable because of well-balanced physical
properties such as oxygen permeability, stain
deposition resistance and mechanical strength.
Preferable hydrophilic monomers in the present
invention are amide monomers containing N-vinyl group,
and N-vinylpyrrolidone or N-vinyl-N-methylacetamide,
in 



particular, can provide a contact lens with superior
surface wettability. An example, without limitation,
of such a contact lens comprises a polymer material
derived from about 30% to about 70% or about 80% by
weight of hydrophilic siliconcontaining monomer(s) or
macromer(s), about 5% to about 50% by weight of
N-vinylpyrrolidone, 0% to about 25% by weightof
N-vinyl N-methylacetamide, 0% to about 15% by weight
of 2-hydroxybutyl methacrylate, 0 to about 10% by
weight isobornyl methacrylate, 0% to about 15% methyl
methacrylate, by weight and about 0.005% to about 5%
by weight of a crosslinker compound. The contact
lenses of the present invention can be manufactured by
conventional lens manufacturing methods. Such methods
comprise, for example and without limitation a method
by lathe-cutting of polymer block followed by
polishing, a method to cast a monomer (and a macromer)
composition into a mold with corresponding lens shape
followed by polymerization, and a method to form only
one face of lens by casting method using a
polymerization mold then finish the other face by
lathe-cutting and polishing method, etc. Polymeric
materials comprising units of a hydrophilic
polysiloxane monomer shown by the general formula II
can be used for the contact lenses of the present
invention:R12 Rl3 Rl6 (ID wherein, R12 is hydrogen or
methyl group; each of R13, R14, R15 and R16 is
independently selected from hydrocarbon groups having
1 to about 12 carbon atoms and trimethylsiloxy groups;
Y is selected from combinations of the structural
units (I') and (II') shown below, with the ratio of
the structural unit (I' ) and the structural unit
(II') being about 1:10 to about 10:1 and total number
of the structural units (I') and (II') being from
about 7 to about 200 or about 1000; each of a and c
independently is an integer from 1 to about 20, d is
an integer from 2 to about 30; b is an integer from 0
to about 20; X is - NHCOOgroup or -OOCNH-Rl b-NHCOO-
group, wherein Rl6 is a hydrocarbon group having about
4 to about 13 carbon atoms:Rl7 R19 (I 1 ) (-SiO-)
{II') (-SiO-) Rl8 R20 wherein, each of R17 and R18 is
independently a hydrocarbon group having 1 to about 12
carbon atoms or fluorinated hydrocarbon group having 1
to about 12 carbon atoms, provided that at least one
of R17 and R18 is a fluorinated hydrocarbon group; and
each R19 and R20 is independently a hydrocarbon group
or an oxygen-containing group, provided that at least
one of R19 and R20 is an oxygen-containing group. Very
useful oxygen containing groups for use as Rl9 and/or
R20 comprise, without limitation -C3H5 (OC2H4)eOH and
-C3H6 (OC2H4)fOCH3 wherein e and f is an integer from
about 2 to about 40, preferably about 2 to about 20.
The monomer of formula II can be considered a
macromer, for example, a bifunctional macromer. For
example, the molecular weight of the macromer of
formula II can be controlled by controlling the number
of structural units (I') and (II') in the macromer. In
one useful embodiment, the formula II macromer has a
relatively high molecular weight, for example, at
least about 5000, and preferably in a range of about
10,000 to about 25,000 or more (number average
molecular weight) . The formula II macromer can be
used alone, that is as the only siliconcontaining
monomer, in the present contact lenses.Advantageously,
the high molecular weight macromer is used in
combination with a low molecular weight macromer, as
described elsewhere herein to form the polymeric
material included in the present lenses or lens
bodies. In this embodiment, the units from monomer (s)
or macromer (s) may make up about 30% or about 40% to
about 70% or about 80% by weight of the polymeric
material. In the event that both high and low
molecular weight silicon-containing macromers are
used, the high molecular weight macromer comprises at
least about 20% or about 30% or about 40% by weight of
the polymeric materials. In one useful embodiment,
units from the combination of the high molecular
weight macromer and the low molecular weight macromer
are at least about 30% or about 40% or about 50% 



by weight of the polymeric material. The above
described monomer or macromer of Formula II may be
copolymerized with one or more other monomers and/or
macromers, for example, as described elsewhere herein.
A contact lens comprising the above described
polysiloxane monomer or monomers (macromer or
macromers) as a main or primary component can be
manufactured byconventional lens manufacturing methods
such as the casting method in which a monomer
composition is injected into a polymerization mold
with a corresponding lens shape followed by a
polymerization. A lens manufactured by using a mold
made of a material with polar groups at the surface of
the mold, such as molds made of ethylene-vinyl alcohol
(EVOH) copolymer, polyamide, and polyethylene
terephthalate, are preferred. Such molds are believed
to be effective in facilitating the formation of a
thick stable hydrophilic layer at the surface of the
lens body, little or no change in surface
characteristics during continuous or extended wear of
the lens, together with substantially stable lens
performance, such as superiorwater wettability and
reduced deposition of proteins and lipids during such
wear. Advantageously, lenses produced in such molds,
including EVOH molds, have desired surface
wettabilities without requiring a surface treatment or
surface modification that is associated with certain
existing silicone hydrogel contact lenses. In this
specification, the structural units of the formulas
[I] and [II] of the silicon-containing monomers or
macromers are expressed as a block type linkage, but
the present invention also comprises a random linkage
type. It is preferable from the viewpoint of
polymerization that polymerizable unsaturated groups
are linked to the ends of siloxane chain and structure
of the unsaturated group is acrylate or methacrylate
group. As a linking group to Si atoms, hydrocarbon
groups containing urethane or urea linkages are
preferable, and may be linked to Si atoms through
oxyethylene groups . Urethane or urea linkages are
highly polar and enhance the hydrophilic property and
strength of the polymer. A structure having two such
groups can be formed by a reaction between
diisocyanate linkages and a hydroxyl- or
amine-containing molecule having about 2 to about 13
carbon atoms and may be linear, cyclic or aromatic
types. There are various synthesis methods for the
hydrophilic silicon-containing monomers (macromers) .
A number of such methods employ reagents and reactions
and synthesis strategies and techniques which are
conventional and well known in the art, for example,
in the art of silicone polymer chemistry. An example
of a useful synthesis method comprises the following:
A ring-opening polymerization of a mixture of cyclic
siloxane with hydrosilane groups (Si-H) , cyclic
siloxane with hydrocarbon groups, and disiloxane with
hydroxyalkyl groups at both ends, along with
cyclicsiloxane with fluorine-substituted hydrocarbon
groups in certain cases, is performed using an acidic
catalyst, such as sulfuric acid, trif
luoromethanesulfonic acid and acidic clay to obtain
hydrosilyl-group-containing polysiloxane compounds
having hydroxyl groups at both ends. In this case,
siloxane compounds with various degrees of
polymerization and introduction ratios of
fluorinecontaining substituent and hydrosilyl groups
can be obtained by changing feed ratios of each cyclic
siloxane and disiloxane compounds used. Isocyanate
substituted acrylates or isocyanate substituted
methacrylates are then reacted with hydroxyl groups at
the ends of polysiloxane to obtain urethanecontaining
fluorinated siloxane compounds with polymerizable
unsaturated groups at both ends. The presently useful
monofunctional macromers may be produced using
conventional and well known chemical synthesis
techniques. For example, a monofunctional hydroxyl
polysiloxane, such as a commercially available
monofunctional hydroxyl polysiloxane, can be reacted
with an isocyanate-substituted acrylate or an
isocyanatesubstituted methacrylate in the presence of
a catalyst, for example, tin-containing catalyst, at
conditions effective to obtain a mono-terminated
acrylate or methacrylate polysiloxane macromer. Useful
isocyanate-substituted methacrylates comprise, 



without limitation, such monomers as
methacryloxyethylisocyanate, methacryloylisocyanate,
and the like and mixtures thereof. Isocyanate
compounds with acrylate or methacrylate groups
obtained by reacting hydroxyl-group-containing
acrylates or methacrylates, such as hydroxyethyl
methacrylate and hydroxybutyl acrylate, with various
diisocyanate compounds can also be
utilized.Hydrophilic polysiloxane monomer and/or
macromers can be obtained by adding an
unsaturated-hydrocarbon-groupcontaining hydrophilic
compound to the hydrosilane using a transition metal
catalyst, such as chloroplatinic acid and the like,
utilizing the so called hydrosilylation reaction. In
the hydrosilylation reaction, it is known that a
dehydrogenation reaction occurs as a side reaction if
an active hydrogen compound, such as hydroxyl group
and carboxylic acid and the like, is present.
Therefore, if these active hydrogen atoms are present
in a hydrophilic compound to be introduced, the side
reaction should be suppressed by protecting the active
hydrogen atom in advance or adding buffer agents. For
example, see USP No. 3907851, the disclosure of which
is incorporated in its entirety by reference herein.
Another route of synthesis is as follows: After
synthesis of a hydrosilyl-group-containing
polysiloxane compound having hydroxyl groups at both
ends, a hydrophilic group or moiety is introduced by
hydrosilylation in advance, then polymerizable groups
are introduced to both ends of the siloxane by
reacting with isocyanatesubstituted methacrylate or
the like. In this case, if active hydrogen, which is
reactive to the isocyanate, is present in the
hydrophilic compound, the side reaction with
isocyanate must be prevented, for example, by
introducing a protective group. Alternatively, for
example, a silicate ester derivative, such as
dimethoxy silane, a diethoxysilane compound, and the
like, instead of a cyclic siloxane, can be used as a
starting raw material. Mixtures of two or more
hydrophilic polysiloxane monomers thus obtained can
also be used. Any polymer which comprises units from
one or more hydrophilic silicon-containing monomers
and/or macromersdescribed herein can tie used in the
contact lenses of the present invention. At least one
hydrophilic monomer may be employed as a comonomer
component in addition to the hydrophilic
siliconcontaining monomer or macromer. Preferably an
amide monomer, for example, an amide monomer
containing an Nvinyl group, is useful to obtain
superior transparency, staining resistance and surface
wettability. Without wishing to limit the invention to
any particular theory of operation, it is believed
that a phase-separated structure, on a molecular
level, may be formed in the copolymerization with the
hydrophilic polysiloxane monomer (macromer) or
monomers (macromers) disclosed in the present
invention, for example, due to differences in
copolymerizability, molecular weight, polarity and the
like between two or more of these monomers resulting
in providing stable staining resistance, enhanced
hydrophilicity and enhanced oxygen permeability, and
preferably an enhanced degree of ophthalmic
compatibility. An amide monomer containing an N-vinyl
group may be selected, without limitation from N-vinyl
formamide, Nvinyl acetamide, N-vinyl isopropylamide,
N-vinyl-N-methyl acetamide, N-vinyl pyrrolidone,
N-vinyl caprolactam and the like and mixtures thereof.
N-vinyl-N-methyl acetamide and N-vinyl pyrrolidone are
very useful. Useful polymeric materials in accordance
with the present invention comprise copolymers
obtained by addition of monomers other than the
hydrophilic polysiloxane monomer (s) and the amide
monomer containing N-vinyl group. Any monomer can be
used in the present invention so long as it is
copolymerizable, and hydrophilic monomers, among them,
are useful. Useful hydrophilic monomers have good
compatibility with the hydrophilic polysiloxane
monomer (s) and/or macromer (s) and also can further
improve surfacewettability of the polymeric material
and modify water content. Useful hydrophilic monomers
comprise, for example and without limitation, monomers
containing one or more hydroxyl groups, which monomers
can improve mechanical properties, e.g., strength,
elongation, tear strength and the like, such as
2-hydroxyethyl methacrylate, 2- hydroxypropyl
methacrylate, 3-hydroxypropyl methacrylate, 



2-hydroxybutyl methacrylate, 1-hydroxymethylpropyl
methacrylate, 4-hydroxybutyl methacrylate and glycerol
methacrylate; monomers containing fluorine-substituted
groups such as 3- (1,1, 2 , 2-tetrafluoroethoxy) -2-
hydroxypropyl methacrylate; and acrylates
corresponding to the methacrylates set forth herein.
2-hydroxyethyl methacrylate, 2-hydroxypropyl
methacrylate, 2-hydroxybutyl methacrylate and mixtures
thereof are very useful. Other useful hydrophilic
monomers includes, for example, and without
limitation, monomers containing carboxyl groups such
as methacrylic acid, acrylic acid and itaconic acid;
monomers containing alky substituted amino groups such
as dimethylaminoethyl methacrylate and
diethylaminoethyl methacrylate; acrylamide or
methacrylamide monomers such as N ,N
'-dimethylacrylamide, N ,N '-diethylacrylamide,
N-methylacrylamide, methylenebisacrylamide and
diacetoneacrylamide; monomers containing oxyalkylene
groups such as methoxypolyethylene glycol
monomethacrylate and polypropylene glycol
monomethacrylate and the like and mixtures thereof.
Siloxanyl acrylates are useful comonomers, for
example, to adjust oxygen permeability. For example,
such monomers comprise, without limitation, tris
(trimethylsiloxy) silylpropyl methacrylate, bis
(trimethylsiloxy) methylsilylpropyl methacrylate
pentabmethyldisiloxanyl methacrylate and the like and
mixtures thereof. Polymerizable
polydimethylsiloxanessubstituted with methacrylate
groups and the like and mixtures thereof can also be
used for the similar objective . Other monomers, which
can be utilized, comprise, without limitation,
fluorinated monomers, such as fluoroalkyl acrylates
and fluoroalkyl methacrylates, for example,
trifluoroethyl acrylate, tetraf luoroethyl acrylate,
tetraf luoropropyl acrylate, pentabfluorpropyl
acrylate, hexafluorobutyl acrylate,
hexafluoroisopropyl acrylate, methacrylates
corresponding to these acrylates and the like and
mixtures thereof. Furthermore, alkyl acrylate monomers
and alkyl methylacrylate monomers can also be used if
necessary and/or desired. They comprise, for example
and without limitation, methyl acrylate, ethyl
acrylate, n-propyl acrylate, n-butyl acrylate, stearyl
acrylate methacrylates corresponding to these
acrylates and the like and mixtures thereof. In
addition, monomers with high glass transition
temperature (Tg) , such as cyclohexyl methacrylate,
tertbutyl methacrylate and isobornyl methacrylate and
the like and mixtures thereof can also be used to
enhance mechanical properties . Moreover,
crosslinkable monomers other than hydrophilic
polysiloxane monomers can be used to improve
mechanical properties and stability and adjust water
content. For example, they comprise, without
limitation, ethylene glycol dimethacrylate, diethylene
glycol dimethacrylate, tetraethylene glycol
dimethacrylate, polyethylene glycol dimethacrylate,
trimehtylolpropane trimethacrylate, pentaerythritol
tetramethacrylate, bisphenol A dimethacrylate, vinyl
methacrylate; acrylates corresponding to these
methacrylates; monomers containing one or more alkyl
groups, such as, without limitation, triallyl
isocyanurate, triallyl cyamurate, triallyltrimelitate
and allylmethacrylate; siloxane derivatives such as 1
,3-bis (3-methacryloxypropyl) tetramethyldisiloxane
and the like and mixtures thereof. Crosslinkable
monomers linked with urethane group are particularly
useful in providing compatibility and hydrophilicity,
together with improvement of mechanical properties.
Bifunctional crosslinkable monomers shown by the
formula (10b) are useful: R24 R26 I I CH2=CC- (0) b-
(CH2)t~Z3-R25-OCC=CH 2 (10b) O O wherein, R24 and R2 6
are independently selected from hydrogen and methyl
group; Z3 is an urethane linking group; R25 is
selected from hydrocarbon group having 2 to about 10
carbon atoms and polyoxyethylene group expressed by -
(C 2H4O )UC2H4- wherein u is an integer from 2 to
about 40; t is an integer from 0 to about 10; s is 0
when t is 0 and 1 when t is 1 or greater. 



Without wishing to limit the invention to any
particular theory of operation, it is believed that
the above bifunctional compounds have good
compatibilities and copolymerizability and contribute
to strength improvement by intermolecular interaction
because the hydrophilic polysiloxane monomers have
similar backbones, for example urethane
group-containing backbones. Examples of crosslinkable
monomers with urethane linkages including, without
limitation, 2-methacryloylcarbamoyloxyethyl
methacrylate, 2-2 (2-methacryloxycarbamoyloxy)
ethylacrylate, 2- (2-methacryloxyethylcarbamoyloxy)
propyl methacrylate,
2-methacryloxyethylcarbamoyloxytetraethylene glycol
methacrylate and the like and mixtures thereof. A
particularly useful crosslinkable monomer shown by the
formula (lib) is: CH3 CH 3 . ! 1 CH
=CCOC3H4NHCOC2H4OCC=CH2 ( lib) O O O These
crosslinkable monomers can be used alone or in
combination. In order to improve a balance of
characteristics of a hydrophilic polymeric material,
such as optical characteristics, oxygen permeability,
mechanical strength, recovery from deformation,
staining resistance during contact lens wearing,
dimensional stability in tear and durability, mixed
monomers of these copolymerizable monomers can be
used. An example, without limitation, of such a
contact lens comprises a polymer material derived from
about 30% to about 70% or about 80% by weight of
hydrophilic siliconcontaining monomer (s) or
macromer(s), about 5% to about 50% by weight of
N-vinylpyrrolidone, 0% or about 0.1% to about 25% by
weight of N-vinyl N-methylacetamide, 0% or about 0.1%
to about 15% by weight of 2-hydroxybutyl methacrylate,
0% or about 0.1% to about 15% by weight of methyl
methacrylate, and about 0.005% to about 5% by weight
of a crosslinker compound. Various additives may
further be added before or after polymerization, if
necessary.Examples of additives comprise, without
limitation, dyes or pigments with various coloring
characteristics, UV absorbers and the like and
mixtures thereof. Furthermore, when a lens is
manufactured using a mold, mold releasing agents such
as surfactants and the like and mixtures thereof can
be added to improve separation of lens from the mold.
One embodiment of the present silicone hydrogel
contact lenses comprises a material having the United
States Adopted Name (USAN) comfilcon A . The contact
lenses of the present invention can be manufactured by
conventional lens manufacturing methods. The methods
include, for example a method by lathe-cutting of
polymer block followed by polishing, a method to cast
a monomer (and a macromer) composition into a mold
with corresponding lens shape followed by
polymerization, and a method to form only one face of
lens by casting method using a polymerization mold
then finish the other face by lathe-cutting and
polishing method, etc. A polymeric material used for a
contact lens of the present invention is formed to an
ophthalmologic lens by a mold method in which a
monomer mixture comprising, for example, one or more
hydrophilic polysiloxane monomers and an amide monomer
containing N-vinyl group, is filled into a mold,
followed by a radical polymerization by the known
method, or by a spin casting method in which a monomer
mixture is fed in a rotatable hemisphere mold,
followed by a polymerization. In these cases,
polymerization of a solution of monomer mixture added
with solvents in a mold may be utilized to adjust the
degree of polymerization or lens swelling ratio. If a
solvent is included, solvents which dissolve the
monomers effectively are advantageously used. Examples
include, without limitation alcohols such as ethanol
and isopropanol; ethers such asdimethylsulf oxide,
dimethylf ormamide, dioxane and tetrahydrof ran;
ketones such as methylethyl ketone; esters such as
ethyl acetate; and the like and mixtures thereof. Any
mold material can be used for mold polymerization or
casting polymerization, so long as it is substantially
insoluble to monomer mixture and lens can be separated
after polymerization. For example, polyolefin resins
such as polypropylene and polyethylene can be used,
and 



materials having polar groups at a surface are
preferable. As used herein, a polar group means an
atomic group with strong affinity with water and
comprises hydroxyl groups, nitrile groups, carboxyl
groups, polyoxyethylene groups, amide groups, urethane
groups and the like. Very useful mold materials are
insoluble to a polymerization monomer composition and
have contact angles to water at least at the part for
forming one lens surface, not higher than about 90,
preferably about 65 to about 80, by the sessile drop
method. A contact lens formed using a mold material
having surface contact angle smaller than 80 shows
particularly superior water wettability and stable
performance in lipid deposition and the like. A mold
material having surface contact angle smaller than 65
is not advantageous because of difficulty in
separating from the mold after polymerization,
resulting in minute surface damage or fractures at an
edge part of lens . A mold material soluble to monomer
compositions is also difficult to use because of
difficulty in separating the lens as well as rough
lens surfaces and low transparency. More preferably, a
mold material is a resin selected from polyamides,
polyethylene terephthalates and ethylenevinyl alcohol
copolymers (EVOH) and the like. Ethylenevinyl alcohol
copolymers are particularly useful, for example, from
the viewpoints of an easiness in molding, providing a
dimensionally stable mold and giving stablewater
wettability to the molded lens. An example of an
ethylene-vinyl alcohol copolymer resin product to be
used is available as "Soarlite" from The Japan
Synthetic Chem. Ind. Co. Ltd. or "EVAL" from Kuraray
Co., Ltd. Various grades of EVOH with ethylene
copolymerization ratio of about 25-50% by mole can be
used in the present invention. As for initiating
polymerization, a photopolymerization method may be
used to initiate polymerization by UV or visible light
irradiation in the presence of photopolymerization
initiators in a monomer mixture, or a radical
polymerization method to thermally polymerize using
azo compounds or organic peroxides. Examples of
photopolymerization initiators comprise, without
limitation, benzoin ethyl ether, benzyl dimethyl
ketal, alpha, alpha - diethoxy acetophenone, 2,4,6-
trimethylbenzoyl diphenyl phosphine axide, and the
like and mixtures thereof. Examples of organic
peroxide comprise, without limitation, benzoin
peroxide, t-butyl peroxide and the like and mixtures
thereof. Examples of azo compounds comprise, without
limitation, azobisisobutyronitorile,
azobisdimethylvaleronitorile and the like and mixtures
thereof. Among them, a photopolymerization method is
very useful due to providing a stable polymerization
in a short cycle time. The surface of the molded lens
may be modified, if desired, by applying plasma
treatment, ozone treatment, corona discharge, graft
polymerization or the like. However, in a preferred
embodiment, the present contact lenses have highly
advantageous combinations of properties without
requiring any surface treatment or modification.
Evaluation methods for lens characteristics in the
Examples and the Comparative Examples are as
follows:WATER CONTENT A soft contact lens was immersed
in phosphate buffer saline (PBS) solution at 23C for
more than 16 hours. After taking out and quick wiping
off of surface water, the lens was weighed precisely.
The lens was then dried at 8O0C in a vacuum dryer to a
constant weight. Water content was calculated from a
weight change as follows : water content (weight
difference/weight before drying) x 100 (%) OXYGEN
PERMEABILITY (Dk VALUE) Dk value was determined by the
so-called Mocon Method, for example using a test
instrument commercially available under the model
designation of Mocon Ox-Tran System. This method is
described in Tuomela et al U.S. Patent 5,817,924, the
disclosure of which is hereby incorporated in its
entirety herein by reference. The Dk value is
expressed as barrers or 10~10 (ml O2 mm) / (cm2 sec mm
Hg) . TENSILE MODULUS Test pieces of about 3 mm width
were cut out from a central part of lens and tensile
modulus (unit; MPa or 107 dyne/cm 2) was determined
from an initial slope of a stressstrain 



curve obtained by tensile test at the rate of 100
mm/min in physiological saline solution at 250C ,
using Autograph (Model AGS-50B manufactured by
Shimadzu Corp.). IONOFLUX The ionoflux of a contact
lens or lens body is measured using a technique
substantially similar to the socalled "Ionoflux
Technique" described in Nicolson et al U.S. Patent
5,849,811, the disclosure of which is hereby
incorporated in its entirety herein by
reference.ELONGATION The elongation of a contact lens
or lens body is measured in the fully hydrated state.
This measurement is conducted in a substantially
conventional/standard way and involves pulling the
specimen employing an Instron Machine. OTHER
MECHANICAL PROPERTIES Other mechanical properties such
as tensile strength, tear strength, and the like, were
measured using well known and standardized testing
techniques. EXAMPLES The following non-limiting
examples illustrate various aspects and features of
the present invention Synthesis Example 1 [Synthesis
of polysiloxanediol having hydrosilane groups (Al)] A
mixture of 150 gms of octamethylcyclotetrasiloxane,
22.6 gms of 1 , 3
,5-trimethyltrifluoropropylcyclotrisiloxane, 5.2 gms
of 1 , 3 ,5 ,7-tetramethylcyclotetrasiloxane, 9.8 gms
of 1 ,3-bis (3- (2- hydroxyethoxy) propyl)
tetramethyldisiloxane, 200 gms of chloroform and 1.5
gms of trifluoromethane sulfonic acid was stirred for
24 hours at 25 C , then washed repeatedly with
purified water until a pH of the mixture became
neutral. After water was separated, chloroform was
distilled off under the reduced pressure. The residual
liquid was dissolved in acetone (36 gms),
reprecipitated with methanol (180 gms) , followed by
removal of volatile components under vacuum from a
separated liquid to give a transparent viscous liquid.
The said liquid was the siloxanediol having
hydrosilane groups expressed by the following formula
(H3R) with a yield of 125 gms. Here,although the
structural formula of the linking group Y is shown as
a block structure composed of each siloxane unit,
actually it contains random structures, and this
formula shows only a ratio of each siloxane unit. This
is true throughout the Synthesis Examples. CH3 CH3 I I
HOC2H4OC3HsSiO- [Y] -SiC 3H OC2H4OH (H3R) i 1 CH3 CH3
wherein, CH3 C2H CF3 H Y: - (SiO) i4o - (SiO) i o -
(SiO) 6 CH3 CH3 CH3 A mixture of 125 gms of the
siloxanediol described above, 40 gms of
polyethyleneglycol allylmethylether (average molecular
weight is 400), 250 gms of isopropyl alcohol, 0.12 gms
of potassium acetate, and 25 mg of chloroplatinic acid
was charged into a flask with a reflux condensor and
heated with stirring for 3 hours under reflux. The
reaction mixture was filtered, then isopropanol was
distilled off under reduced pressure, followed by
washing several times with a mixture of methanol/water
. Further removal of volatile components under a
vacuum gave a transparent viscous liquid with a yield
of 120 gms. The liquid was a siloxanediol without
hydrosilane groups (M3R) , expressed by the following
formula :CH3 CH3 HOC2H OC3H6SiO- [Y] -SiC 3H5OC2H4OH
(M3R) CH3 CH3 wherein, CH3 C2H4CF C3H6 (OC2H4 ) 7OCH3
Y : - (SiO) 140 - (SiO) 10 - (SiO) s CH3 CH3 CH3 A
mixture of 12 0 gms of the siloxanediol (M3R)
described above, 9.5 gms of methacryloyloxyethyl
isocyanate, 120 gms of dry 2-butanone and 0.05 gms of
dibutyltin dilaurate was poured in a brown-colored
flask and stirred for 5 hours at 35 C , then further
stirred after an addition of 6 gms of methanol.
Subsequently, 2-butanone 



was distilled off under reduced pressure, and the
resulting liquid was washed several times with a
mixture of methanol /water followed by removal of
volatile components under vacuum to give a transparent
viscous liquid with a yield of 120 gms. The liquid was
the polysiloxanedimethacrylate (M3-U) expressed by the
following formula:CH3 CH3 CH3 0 wherein, CH3 C2H CF3
C3H (OC H ) 70CH3 Y: - ( i O) 1 0 - (SiO) 10 - (SiO) 6
CH CH CH3 This material, identified as M3-U, has a
number average molecular weight of about 15,000.
Synthesis Example IA Synthesis Example 1 is repeated
with appropriate adjustments to the amounts of the
components and/or conditions utilized to provide a
macromer structured similarly to M3-U except that Y
has the following structure:CH3 C2H CF3 C3Hs (OC2H
7OCH3 I ! I Y: - (SiO) 185 - (SiO) X3 - (SiO) 3 I I I
This material, identified as M3-UU, has a number
average molecular weight of about 20,000. Synthesis
Example 2 A mixture of 50 gms of alpha-butyl-omega-
[3- (2 ' hydroxyethoxy) propyl) polydimethylsiloxane,
10 gms of methacryloyloxyethyl isocyanate, 150 gms of
dry n-hexane and 0.2 gms of dibutyltin dilaurate was
poured in a browncolored flask and heated for 2 hours
under reflux, then further stirred after an addition
of 6 gms of methanol . Subsequently, n-hexane was
distilled off under reduced pressure, and the
resulting liquid was washed several times with
methanol (30 gms) /water (15 gms) followed by removal
of volatile components under vacuum to give a
transparent viscous liquid with a yield of 54 gms. The
liquid was the polysiloxane-methacrylate (FMM)
expressed by the following formula .CH3 CH3 CH-,
wherein. CH3 Y: - (SiO) n - CH3 This material,
identified a s FMM, has a number average molecular
weight of aboutl500 . Example 3 A mixture of 64 parts
by weight of M3-U the polysiloxane described in the
Synthesis Example IA, 10 parts by weight of
N-vinyl-2-pyrrolidone (hereinafter NVP) , 10 parts by
weight of N-vinyl-N-methylacetamide (hereinafter
"VMA") , 6 parts by weight of isobornyl methacrylate
(hereinafter "IBM") , 10 parts by weight of methyl
methacrylate (hereinafter "MMA"), 0.1 parts by weight
of triallyl isocyanurate (hereinafter "TAIC") , and0.1
parts by weight of 2,4 ,
6-trimethylbenzoyldiphenylphosphine oxide (hereinafter
"TPO") , which was added last to the mixture, was
mixed with stirring. The mixture was injected into a
mold for forming a contact lens made of an ethylene
vinyl alcohol resin (hereinafter "EVOH resin") (made
by The Japan Synthetic Chem. Ind. Co., Ltd., Soarlite
S ) , then irradiated by ultraviolet (UV) light for 1
hour in a light exposure equipment to give a
lens-shaped polymer. The lens thus obtained was soaked
in ethyl alcohol for 1.5 hours, then soaked in fresh
ethyl alcohol for an additional 1.5 hours, than soaked
in an ethyl alcohol/water (1/1) mixture for 0.5 hours,
soaked in deionized water for 3 hours, and then placed
in PBS solution, and followed by autoclaving for 20
mins . The lens thus obtained was transparent and
flexible, and showed good water wettability.
Evaluation of physical properties showed results set
forth in Table 1 . Examples 4 , 5 and 6 Example 3 was
repeated three times except that the mixtures formed
had the compositions shown in Table 1 . Each of the
lenses thus obtained was transparent and flexible, and
showed good water wettability. Evaluation of physical
properties showed results set forth in Table 1 .
Examples 7 , 8 , 9 and 10 Example 3 was repeated four
additional times except 



that the mixture formed had the components and
compositions shown in Table 1 . In each of these
examples, 10 parts by weight of FMM was included.
Thus, each of the mixtures comprise one
silicon-containing macromer having a molecular weight
of about 15,000, and another silicon-containing
macromer having a molecular weight of about 1,400.
Each of the lenses thus obtained was transparent and
flexible, andshowed good water wettability. Evaluation
of physical properties showed results set forth in
Table 1 . Example 11 A lens was prepared in accordance
with Example 5 . The hydrated lens was placed into a
2% by weight aqueous solution of glycerol
monomethacrylate (GMMA) /glycerol dimethacrylate
(GDMA) (97/3 by weight). The solution, with the lens
included, was degassed and purged with nitrogen for 15
minutes. The aqueous solution was gently agitated to
maintain hydration. The solution was heated to 70 C
for 40 minutes. An aqueous solution of 2 ,2 '-azobis
(2-amidinopropane dihydrochloride (Vazo 56) was added
to the lens/solution. Polymerization was allowed to
occur for 30 minutes. The lens was removed and
repeatedly rinsed/soaked with deionized water. The
lens thus obtained was transparent and flexible, and
showed good water wettability. Evaluation of physical
properties showed results set forth in Table 1 .
Comparative Examples 12 and 13 Two commercially
available extended wear contact lenses were chosen for
property testing. Evaluation of physical properties of
these two lenses showed results set forth in Table 1
.TABLE ISEPARATION OF AM COCHANNEL SIGNALS IN AN
OVERLOADED SIGNAL ENVIRONMENT by James F. Colling
Assignee/ Applicant: L-3 Integrated Systems Company
BACKGROUND OF THE INVENTION 1. Field of the Invention
[001] This invention relates generally to radio
frequency (RF) signal reception, and more particularly
to reception and separation of cochannel amplitude
modulated (AM) signals. 2. Description of the Related
Art [002] Cochannel signal interference occurs when
two or more signals are transmitted at the same time
over the same frequency range. For example, cochannel
signal interference may be encountered by a receiver
that is receiving two or more signals transmitted at
the same frequency and at the same time by two or more
separate transmitters. In such a case, data (e.g.,
voice data, text data, etc.) contained in any one of
the interfering cochannel signals cannot be accessed
or processed further without first separating the
given signal from the other signals to allow
demodulation or other further signal processing. [003]
In the past, beamforming and interference cancellation
techniques such as spatial interference cancellation
have been employed for purposes of cochannel signal
separation. These techniques employ multiple sensors
to separate a given signal of interest by canceling or
nulling out other cochannel signals .from the signal
of interest. However, such approaches require spatial
separation of sources in addition to expensive
coherent multi-channel tuners having a number of
channels corresponding to a number of sensors that is
equal to or greater than the number of cochannel
signals. When the number of signals exceeds the number
of sensors, the signal environment may be
characterized as overloaded. Performance of
traditional beamforming and interferencecancellation
techniques typically fails or degrades in such an
overloaded signal environment. SUMMARY OF THE
INVENTION [004] Disclosed herein are methods and
systems that may be implemented to separate cochannel
AM signals in an overloaded signal environment, i.e.,
a signal environment where the number of cochannel
signals exceeds a number of separate sensors {e.g.,
separate antennas). Advantageously, the disclosed
methods and systems may be implemented in one
exemplary embodiment to achieve separation of
cochannel AM signals in an overloaded environment
using data obtained from one sensor through a method
of iterative projections. When implemented to use data
obtained from a single channel tuner, for example, the
iterative methodology of the disclosed methods and
systems eliminates the need for multi-channel coherent
hardware and the constraint of spatially separated
multiple sources. [005] In one embodiment, the
disclosed methods and systems may be implemented to
improve reliability and performance of an AM receiver
system by enabling cochannel signal separation even
when the number of AM cochannel signals exceeds the
number of sensors or antenna elements. In another
embodiment, the disclosed methods and systems may be
implemented to reduce the cost, complexity and/or size
of an AM receiver system by reducing the number of
sensors and corresponding separate tuner channels that
are required to separate cochannel AM signals. In yet
another embodiment, the disclosed methods and systems
may be implemented to allow more efficient use of the
AM frequency band by allowing selection and separation
of one or more target AM signals from a number of
cochannel AM signals that are intentionally
transmitted on the same frequency, and potentially
allowing simplification or elimination of the
government 



approval process for establishing new AM broadcast
channels. [006] As an example, in one exemplary
embodiment, the disclosed methods and systems may be
implemented as a receiver system that is capable of
separating or isolating at least one AM signal from
two or more transmitted cochannel AM signalsusing a
single sensor (e.g., single antenna) coupled to a
corresponding single channel tuner. Such a
single-sensor implementation may be utilized to
achieve cost savings and reduced receiver system size,
facilitating installation of such a receiver system on
mobile platforms (e.g., ships, aircraft, automobiles,
trains, unmanned aerial vehicles, model aircraft,
etc.), where implementation of larger and more costly
multi-sensor antenna receiver systems are impractical
or impossible. [007] The disclosed methods and systems
may be advantageously implemented in one embodiment to
selectively isolate (e.g., for purpose of listening,
further processing, etc.) one or more desired
cochannel AM signals from the cochannel AM signals
that have been separated from an overloaded signal
environment that is unintentionally or undesirably
created, e.g., such as when a permanent or mobile
receiver is geographically positioned between two
transmitters that are transmitting AM signals over the
same frequency at the same time. One example of such a
situation is vehicle-based receiver that is located
between two cities having transmitters that are
simultaneously broadcasting AM signals at the same
frequency. [008] However the disclosed methods and
systems may also be implemented in another embodiment
to enable selective isolation of one or more AM
signals that have been separated from an intentionally
or deliberately created overloaded signal environment.
In this regard, two or more AM signals may be
intentionally transmitted at the same time over the
same selected frequency range in manner to more
efficiently utilize the selected frequency range. In
such an embodiment, the cochannel AM signals may
originate or be transmitted in any manner suitable for
creating an overloaded signal environment from which
the AM cochannel signals may be separated and at least
one of the AM cochannel signals may be isolated using
the disclosed methods and systems. For example, the
cochannel AM signals may originate or be transmitted
from geographically remote locations (e.g., by
transmitters and antennas located in separate adjacent
cities, by transmitters and antennas located in
different geographical areas of the same city, etc.),
and/or the cochannel AM signals may originate or be
transmitted from a common geographic location (e.g.,
by transmitters and antennas located at the same radio
station or other facility).[009] In one exemplary
embodiment, multiple commercial AM radio signals may
be intentionally transmitted over the same selected
frequency range. In another exemplary embodiment, AM
radio signals that contain public service information
(e.g., weatherrelated information, highway-related
information, emergency broadcast system "EBS"
information, etc.) may be intentionally broadcast
either continuously or on an as-needed basis over the
same selected frequency range used by, or that may be
used by, other transmitter/s of AM signals (e.g.,
commercial AM radio transmitters). For example, the
disclosed methods and systems may be implemented to
allow intermittent public service broadcasts (e.g.,
upon occurrence of a catastrophic event such as plane
crash, earthquake, tornado, hurricane, etc.) to be
transmitted over one or more AM frequencies (e.g.,
over a selected number of multiple AM frequencies)
that may be shared by local commercial AM radio
stations. In such an embodiment, a receiver may be
configured according to the disclosed methods and
systems to isolate the public service broadcast from
other cochannel AM signals. [0010] Whether an
overloaded signal environment is intentional or not,
the disclosed methods and systems may be implemented
in one embodiment in specialized public service radios
that are designed to isolate a public service AM
broadcast signal from an overloaded signal environment
if it should happen to exist at time of the public
service transmission (e.g., to help ensure that the
public service transmission is received even under
adverse cochannel signal conditions). In another
embodiment the disclosed methods and systems may be
implemented as part of a commercial AM radio receiver
that is configured to receive commercial radio
broadcasts under normal operating conditions, but that
is also configured to isolate and identify
intermittent public service broadcast signals when
they occur in an overloaded signal environment. Such a
receiver may be optionally configured to
preferentially play the public service broadcast to a
listener. In any case, a signal environment may be
overloaded prior to the public service transmission,
or may be created by virtue of the transmission of the
public service transmission simultaneous to other AM
signals on the same frequency (intentionally or
unintentionally) . [0011] In any case, selective
isolation of a given cochannel AM signal from other
cochannel AM signals that have been received and
separated from RF data received in anoverloaded signal
environment may be performed in response to a command
specifying the identity of the given one of the
cochannel AM signals. Such a command may originate,
for example, from any source suitable for selectably
choosing a given cochannel AM signal for isolation,
e.g., a human user choosing a desired cochannel
broadcast for listening, a computer processor choosing
a selected cochannel broadcast needed for performing a
specific task at hand, etc. [0012] In one respect,
disclosed herein is a method for processing AM signals
that includes: receiving RF data in an overloaded
signal environment, the received RF data including
cochannel AM signals received in the same frequency
range and at the same time; and separating each of the
cochannel AM signals from other cochannel AM signals
of the received RF data. [0013] In another respect,
disclosed herein is a method for transmitting AM
signals that includes providing RF data including
cochannel AM signals for transmission in the same
frequency range and at the same time for reception by
a receiver operating in an overloaded signal
environment, the receiver configured to separate each
of the cochannel AM signals from other cochannel AM
signals of the RF data. 



[0014] In another respect, disclosed herein is a
system for communication using an overloaded signal
environment. The system may include: transmit
circuitry configured to provide RF data including
cochannel AM signals for transmission in the same
frequency range and at the same time; and receive and
separation circuitry configured to receive and
separate each of the cochannel AM signals from other
cochannel AM signals of the RF data. [0015] In another
respect, disclosed herein is a method for processing
AM signals, that includes receiving RF data that
includes cochannel AM signals. The method may include
separating each of the cochannel AM signals from other
cochannel AM signals of the received RF data by: i)
providing an initial estimate of (S) of the cochannel
AM signals and an initial estimate of (a) representing
amplitudes and phases of the cochannel AM signals; ii)
providing at least one additional improved estimate of
(S )of thecochannel AM signals based at least in part
on a most recent previous estimate (S ) of the
cochannel AM signals, a most recent previous estimate
of (a) representing amplitudes and phases of the
cochannel AM signals, and the received RF data (r);
and iii) repeating step ii) until a specified
termination criteria is satisfied. [0016] In another
respect, disclosed herein is an AM signal processing
system that includes receive and separation circuitry
coupled to receive RF data from at least one sensor
operating in an overloaded signal environment, the
received RF data including cochannel AM signals
received in the same frequency range and at the same
time. The receive and separation circuitry may be
configured to separate each of the cochannel AM
signals from other cochannel AM signals of the
received RF data. [0017] In another respect, disclosed
herein is an AM signal processing system that includes
receive and separation circuitry coupled to receive RF
data from a single sensor operating in an overloaded
signal environment, the received RF data including
cochannel AM signals. The receive and separation
circuitry may be configured to separate each of the
cochannel AM signals from other cochannel AM signals
of the received RF data by: i) providing an initial
estimate of (S) of the cochannel AM signals and an
initial estimate of (a) representing amplitudes and
phases of the cochannel AM signals; ii) providing at L
(* > least one additional improved estimate of (S )of
the cochannel AM signals based at least in part on a
most recent previous estimate (S ) of the cochannel AM
signals, a most recent previous estimate of (a)
representing amplitudes and phases of the cochannel AM
signals, and received RF data (r); and iii) repeating
step ii) until a specified termination criteria is
satisfied. BRIEF DESCRIPTION OF THE DRAWINGS [0018]
FIG. 1 illustrates methodology according to one
exemplary embodiment of the disclosed methods and
systems.[0019] FIG. 2 illustrates a system according
to one exemplary embodiment of the disclosed methods
and systems. [0020] FIG. 3 illustrates a plot of f (l)
according to one exemplary embodiment of the disclosed
methods and systems. [0021] FIG. 4 illustrates a plot
of f {l) according to one exemplary embodiment of the
disclosed methods and systems. [0022] FIGS. 5-8
illustrate results of simulations performed according
to the methodology of the disclosed methods and
systems. DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0023] Using the disclosed methods and systems,
cochamiel AM signals received from an overloaded
signal environment may be separated from each other.
In this regard, the disclosed methods and systems may
be implemented in one embodiment by modeling a
cochannel signal environment to facilitate separation
of cochannel AM signals in an overloaded signal
environment. For example, for purposes of
illustration, a single sensor receiver may observe m
temporal samples of n independent AM modulated sources
transmitting in a common frequency band. In one
embodiment of the disclosed methods and systems, this
single sensor situation may be represented by a
uniformly sampled complex baseband received signal
model of the form where received data (r) is equal to
the signal matrix (S) multiplied by the complex vector
(a), plus complex noise (n): r = Sa + n (Equation 1)
[0024] where r e Cm,S e R " ,a e C",n e C " . In the
model of equation 1, the columns of S represent
temporally sampled waveforms for each source. The
elements of a are complex scalars representing the
amplitude and phase of each source, and n is a
complexnoise vector. Using the received signal model
of equation 1, the disclosed methods and systems may
be implemented in one embodiment to determine or
estimate S given r . After successful estimation of S,
each column of the estimated S may be passed through a
conventional AM demodulator to extract the message.
[0025] Figure 1 illustrates exemplary methodology 100
that may be employed using the relationship of
Equation 1 to separate cochannel AM signals in an
overloaded signal environment according to one
exemplary embodiment of the disclosed methods and
systems. As illustrated in Figure 1, values of a and S
may be initialized in step 110. As will be further
described with respect to the simulations described
herein, each of a and S may be initialized in step 110
as random values, although it is also possible that a
may be initialized with any other suitable type of
value. [0026] In step 120 of Figure 1, the estimate of
S may be improved using the most recent previous
estimates of a and S. By an improved estimate of S, it
is meant that the most recent estimate of S more
closely approximates the true value of S than a
previous estimate of S. In this regard, S may be
estimated the first time in step 120 using the
initialized values of a and S from step 110, and
thereafter, as may be necessary, using the most recent
previous estimated values of a and S as described
further below. In step 130 of Figure 1, the estimate
of S from step 120 may be constrained to be real. The
results of 



step 130 (plus other results such as the previous
estimate of S or possibly the current estimate of a)
may then be evaluated against one or more selected
termination criteria in step 140. If the termination
criteria has been met, then the results may be
accepted in step 160 as shown. However, if the
termination criteria has not been met, a new value of
a may be estimated in step 150 using the previous
estimate of S obtained from step 130. Step 120 may
then be repeated as represented by iterative flow path
152, this time using the most recent previous estimate
of a from step 150 and the most recent previous
estimate of S from step 130. Using this methodology,
steps 120 to 150 may be iteratively repeated until one
or more selected termination criteria are satisfied in
step 140, and the results accepted in step 160.[0027]
Referring now to Figure 1 in more detail, a value for
S may be estimated in step 120 of Figure 1 using the
most recent previous estimate of a and the previous
estimate for S. Since Sa = r has infinite solutions
for S, constraints may be imposed to reduce the
solution space for S. For example, in one embodiment
the solution space for S may be reduced by only
considering solutions that are relatively "close" to
the most recent previous estimate of S, denoted as S ,
along with imposing a residual constraint. In this
regard, the term "close" refers to the distance metric
in the Frobenius norm sense, where this distance is
calculated by taking the Frobenius norm of the
difference between the current estimate, S , and the
previous estimate, S . The Frobenius norm is defined
as, A ] =  j L , where A e C I=I J=I In one exemplary
embodiment, a constrained optimization problem may be
expressed as the minimization of the trace of {E E }
as follows mmtr{EHE} subject to r - E (Equation 2)
where E is defined as follows E = S - S , (Equation 3)
[0028] where S is the current estimate of S that
minimizes the objective function and satisfies the
constraint, where d is the constraint bound, and where
tr{) is the trace operator. (Note: |E| = {E E}.)
[0029] The constraint bound, d , is a parameter that
may be used to define the squared length of the
residual during the estimation of S, i.e., it may be
used to represent theallowable amount of mismatch
between the estimates and the observed data. Any
suitable constraint bound methodology may be employed
in the practice of the disclosed methods and systems.
For example, a constraint bound value of 0 leads to a
leastsquares residual constraint. A constraint bound
value may also be selected that is proportional to
noise power, e.g., where an estimate of noise power is
available. Another possible approach to setting a
constraint bound value is to use a methodology that is
purely heuristic. [0030] The constrained optimization
problem of Equation 2 may be solved using any suitable
methodology. Further information on similar solution
methodology may be found, for example, in Joel H.
Trussel and Mehmet R. Civanlar, The Feasible Solution
in Signal Restoration IEEE Transactions on Acoustics,
Speech and Signal Processing, Vol. ASSP-32, No. 2,
April 1984, pp. 201-212, which is incorporated herein
by reference. [0031] The optimization problem of
Equation 2 may be solved in one exemplary embodiment
using Lagrangian techniques. In this case, the
Lagrangian may be expressed as (ft-l) (*-i) l(E,A) =
tr{E E}+ - r - E + S E + S - d (Equation 4) [0032] The
gradient of the Lagrangian is V .Z(E, X)= +l E + S
laa" -ra (Equation 5)[0033] Finding the roots, with
respect to E, of the gradient of the Lagrangian, V
,L(E, X)= 0 , results in the following expression for
E, E = r-S a a aa" +-/ . I ) ) (Equation 6) [0034] In
step 125, the Lagrange multiplier, l , may be
calculated using the solution for E above and the
constraint equation. The expression for the Lagrange
multiplier may be expressed as below, L ik-- li); \ H
f LLi --X) /W= | r-S a r-S a 1-a" aa" +-/ (Equation 7)
[0035] A range for the Lagrange multiplier solution
may be defined as desired and an attempt to calculate
the solution in the specified range may be made in
step 125. If this attempt to calculate a solution
fails, then the method may be terminated at step 128
with no available estimate. Alternatively, one or more
successively wider ranges for the Lagrange multiplier
solution may be specified, and one or more subsequent
attempts made to calculate the solution in the
specified successive ranges may be made in step 125
until a solution is found, or until the method has
been performed for all specified successive ranges
without finding a solution, at which point the method
may be terminated at step 128. In determining the root
in Eq. 7, the range and resolution specified for the
bracketed range where the root is assumed to exist
influences the speed of the iteration. [0036] Once the
roots of f(X) are obtained, the correct root may be
chosen based on which root minimizes the objective
function, This root may be used in Eq. 6 to calculate
the projection, E, which may then be used to calculate
S in step 120.[0037] In step 130, the imaginary
portion of S may be discarded and the real part of S
L(k) 



taken to be the current estimate of S at the end of
the k iteration of the algorithm, i.e., when the model
defines the temporal samples of each source to be
real. [0038] Following step 130, the current estimate
of S may be evaluated against one or more termination
criteria in step 140. In this regard, suitable
termination criteria may include any one or more
specified criteria that may be used at step 140 to
determine whether or not the results of step 130
should be accepted. In one embodiment, termination
criteria may include a specific number of iterations
(e.g., iterations of steps 120 to 150) that have been
performed. For example, steps 120 to 150 may
iteratively performed for a specified given number of
iterations, without consideration of other termination
criteria. Alternatively, a maximum number of
iterations may be specified for terminating the
iterations of steps 120 to 150 when the specified
maximum number of iterations have been performed,
e.g., when other specified termination criteria has
not yet been met. Also possible is a specified minimum
number of iterations that must be performed prior to
allowing termination of the iterations of steps 120 to
150 based on fulfillment of other specified
termination criteria. Other examples of termination
criteria that may be employed alone or in combination
with other specified termination criteria include, but
are not limited to, requiring a threshold minimum
value for length of residual obtained in step 120
(i.e., terminating the iterations when the length of
the residual is less than the specified threshold
value), terminating the iterations of steps 120 to 150
when the Lagrange multiplier function (Equation 7) of
step 120 has no solution over the specified range for
which the function is being evaluated, etc. It will be
understood that the foregoing example of termination
criteria are exemplary only, and that other criteria
may be additionally or alternatively employed in step
140. [0039] If the specified termination criteria is
satisfied in step 140, then the steps of method 100
may be concluded, and the results accepted in step
160. However, if the termination criteria is not
satisfied in step 140, method 100 may proceed to step
150 where a new value of a may be estimated using any
suitable method and, for example, using at least a
portion of the results previously determined in
preceding steps 120 to 130. In one embodiment, the
elements of a may be jointly estimated in step 150
using aleast-squares estimation approach. For example,
a new value of a may be calculated as described below
using r and the most recent previous estimate of S
obtained in step 130. [0040] In one exemplary
embodiment, a least-squares problem may be expressed
for step 150 as an optimization problem with an
objective function equal to the squared norm of the
residual, (Equation 8) [0041] Thus, the optimization
problem is min/(a). The minimum may be found by
finding the root of the gradient of the objective
function, argV ,J (a) = 0 . Equating the a gradient
equal to 0 yields the following expression, Va.J (a)
S"Sa-S"r = 0 (Equation 9) [0042] Therefore, for this
exemplary embodiment, the estimate for a in step 150
may be expressed as (Equation 10) [0043] The solution
may be verified as a minimum by verifying that the
Hessian of the objective function is positive
definite, v a 2 v ava.J(a)=s"s>o (Equation 11) [0044]
In this case, S S is positive definite by
construction, so the solution is verified as a
minimum.[0045] Once a has been so estimated in step
150, method 100 may proceed via iterative flow path
152 to step 120, where a new value of S may be
estimated using the most recent previous estimate of a
from step 150 and the most recent previous estimate of
S from step 130 in a manner as previously described.
Steps 130 through 140 may then be repeated and method
100 terminated if termination criteria is satisfied in
step 140, or step 150 may be repeated if termination
criteria is not satisfied in step 140. In this manner,
steps 150, 120, 125, 130 and 140 may be iteratively
repeated until the termination criteria is satisfied
in step 140, and the method moves to step 160. [0046]
Although described herein with respect to a single
sensor receiver, it will be understood that the
methodology of the disclosed methods and systems may
be implemented using more than one sensor for
separation of cochannel AM signals in overloaded
signal environments. [0047] The disclosed methods and
systems may be implemented, for example, as part of a
receiver or transceiver in any manner suitable for
achieving the cochannel signal separation results
described elsewhere herein. Figure 2 illustrates one
exemplary embodiment of a system 200 as it may be
implemented to receive and to separate cochannel AM
signals A and B in an overloaded signal environment.
As illustrated in Figure 2, system 200 includes a
single sensor in the form of single antenna 220 that
is coupled to receive and separation circuitry 214
that, in this exemplary embodiment, includes receive
path circuitry 210 coupled to signal separation
circuitry 212, it being understood that any other
configuration of receive and separation circuitry may
be employed that is suitable for performing one or
more of the signal separation tasks described
elsewhere herein. [0048] System 200 is illustrated
configured as a receive-only system in FIG. 2.
However, it will be understood that in other
embodiments the disclosed methods and systems may be
alternatively implemented in a system configured as a
transceiver. In addition, it is possible that more
than one antenna 220 may be coupled to receive and
separation circuitry 214, and/or that antenna 220 may
be a single element antenna or an antenna array. It
will also be understood that in other embodiments an
overloaded signal 



environment may include more than two cochannel
signals.[0049] As illustrated in Figure 2, antenna 220
is coupled to provide a RF data 202 that contains a
combination of multiple received AM signals A and B to
receive path circuitry 210. Receive path circuitry 210
(e.g., single channel tuner or other suitable
circuitry) is configured to process or condition the
received RF data 202 from antenna 220 so as to provide
processed signal 204 (e.g., as a single tuned
channel), that contains combined multiple signals A
and B, to signal separation circuitry 212 (e.g.,
implemented as part of a digital signal processor or
with other suitable circuitry). Signal separation
circuitry 212 is configured to receive processed
signal 204 from receive path circuitry 210 and to
separate multiple signals A and B. As shown, signal
separation circuitry 212 is configured to provide
multiple differentiated signals A and B (e.g., as
respective separate signals 206 and/or 208) to other
receiver system components not shown (e.g.,
components/circuitry for further processing, AM
demodulation, etc.). It will be understood that
separate signals 206 and 208 may be provided
simultaneously by signal separation circuitry 212, or
that only one of differentiated signals 206 or 208 may
be preferentially or selectably provided by signal
separation circuitry 212. [0050] In the practice of
the disclosed methods and systems signal separation
circuitry, such as circuitry 212 of Figure 2, may be
implemented using any circuit configuration or
combination of circuit configurations suitable for
separating two or more combined cochannel AM signals,
e.g., received from one or more sensor/s deployed in
an overloaded signal environment. For example, in one
embodiment signal separation circuitry may be
configured in any manner suitable for achieving
separation of cochannel AM signals in an overloaded
environment using data obtained from one or more
sensors through a method of iterative projections,
e.g., using methodology such as described in relation
to Figure 1 herein. In one embodiment, signal
separation circuitry 212 of Figure 2 may be
implemented as a digital-signal processor (DSP).
Alternatively, or in addition to a DSP, signal
separation circuitry 212 may be implemented using any
other type/s of suitable signal processor/s. [0051] It
will be understood that the illustrated embodiment of
Figure 2 is exemplary only, and that any other
configuration of circuitry and/or sensor/s suitable
for accomplishing signal separation according to the
methodology disclosed herein is possible. It will also
be understood that although Figure 2 illustrates
separation of twocochannel AM signals from an
overloaded signal environment, the disclosed methods
and systems may be implemented in overloaded signal
environments that include three or more cochannel AM
signals. In Figure 2, signal separation circuitry 212
is shown configured to separate cochannel AM signals A
and B and to provide these as separate output signals
206 and 208. However, it will be understood that
signal separation circuitry may be configured in other
embodiments to separate out only one cochannel AM
signal received from an overloaded signal environment
including two or more cochannel signals, e.g., to
separate only AM signal A or signal B from the
overloaded signal environment of Figure 2. In this
regard, an overloaded signal environment may include
any given total number of cochannel AM signals, and
the disclosed methods and systems may be implemented
in one embodiment to separate out any number of the
cochannel AM signals that is equal to or less than the
total number of cochannel AM signals, as may be
desired or required to meet the needs of a given
application. In one exemplary embodiment, the given
total number of cochannel AM signals may be
characterized as a number of cochannel AM signals
having a received signal strength greater than a given
signal strength threshold. Simulation Results [0052]
Following are results of simulations that have been
performed by implementing equations 1-11 in
combination with the disclosed methodology 100 of
Figure 1 for the estimation of AM signals (S) in an
overloaded signal environment. The overloaded signal
embodiment employed for each of the four simulations
included one sensor and two cochannel AM signals. The
two cochannel signals for each simulation included one
relatively strong cochannel signal (Sl) and one
relatively weak cochannel signal (S2), although it
will be understood that the disclosed methods and
systems may be implemented in overloaded signal
environments having two or more AM cochannel signals
of equivalent strength. [0053] As described further
below, four simulations were performed using random
initial estimates for S, while varying the initial
estimate for a. In the first simulation, a was
initialized to the known true initial phases of the
signals. In the second simulation, a was initialized
using random initial phases for the signals. In the
third simulation, a wasestimated using known incorrect
initial phases for the signals. The fourth simulation
was performed using correct initial phases, but
including a frequency offset to simulate Doppler
frequency shift on the strong signal (Sl). The results
of the simulations show that the disclosed methodology
successfully achieves signal separation under the
described conditions with known, random or incorrect
phase initialization. Thus, the simulations illustrate
how the disclosed methodology may be advantageously
implemented to successfully achieve signal separation
even when initial phases are unknown. [0054] It has
been seen in some simulations that initializing with
incorrect phases under certain conditions may provide
better signal separation than using random phase
initialization. It has been observed that times for
which this occurs tend to be when the phase of the
random values for each component of a are associated
with a small angular separation. Signal Environment
and Signal Generation Parameters for Simulations
[0055] Following is a list of signal parameters
employed for the simulations described herein. [0056]
Simulated Messages: Simulations were performed with
simulated data where the messages were constructed by
sampling a uniform random distribution. Simulations
were also performed using recorded voice data as the
messages. In either case, the 



messages were AM modulated, and zero mean additive
white complex Gaussian noise was added. [0057]
Bandwidth Constrained Messages: It has been found that
constraining the message bandwidth to a fraction of
the transmission bandwidth may improve separation
performance. [0058] SNR (Signal to Noise Ratio): SNRs
for each of the AM signals were set to 20 dB and 15
dB.[0059] Initial phase: The initial phases for the
two signals were 30 and 100. [0060] AM Modulation
Index: The modulation index for the simulations was
set to 0.5, where modulation index is defined as the
ratio of the negative of the minimum value of the
message divided by the amplitude of the carrier.
[0061] Block Size: Block size or number of samples per
processing period was set to 1024 for most cases.
[0062] Doppler Frequency: Unless indicated to the
contrary, the Doppler frequency has been set to 0.
Algorithm Parameter Values for Simulations [0063] The
following simulations were carried out using signal
environments consisting of two cochannel AM signals
plus noise. Therefore, the signal model dimension
parameter (n) described in relation to Equation 1 was
set to 2. For the simulations, the constraint bound d
) has been set to a value of 1, which, in this case,
is a heuristic value chosen to provide a solution for
S that corresponds to a unit norm residual constraint.
In comparison, choosing a constraint bound value d )
of zero would result in a large range of values needed
to search over when finding the roots for the Lagrange
multiplier, l , in Equation 7. As may be seen in
Equation 7, the value of the constraint bound ( d )
acts as a parameter that shifts the overall function
up or down. In this regard, when either the length of
the residual becomes small, or the constraint bound (
d ) is a small value, the root approaches very large
values. Figure 3 is a plot of f (l) for a particular
set of data when the constraint bound ( d ) is set to
1. Figure 4 is the same plot zoomed into the range of
the plot of Figure 1 where the root occurs. [0064] In
the following simulations, the range and resolution
defining the bracketed range for locating the root for
l were [-3, 1000] and 5.0, respectively. The selected
termination criteria used in the simulations was a
combination of a maximum number ofsix iterations, and
a test for the existence of a root for the Lagrange
multiplier, l , in Eq. 7 over the specified range. In
this exemplary implementation, the predefined maximum
number of iterations was chosen to act as an upper
bound for the maximum number of iterations allowed,
and the test for the existence of a root for the
Lagrange multiplier, l , was employed to allow the
algorithm to terminate or exit earlier when the length
of the residual becomes small. Simulation Performance
[0065] The performances of four simulation cases are
presented in the form of amplitude versus time plots
of the true and estimated signals, with their
respective phases, passed through a simple AM
demodulator. All of the following simulations use the
parameter values described above unless otherwise
noted. Also, only a small number of samples were
plotted in each plot so that the tracking of the
estimated signal relative to the true signal may be
easily seen. [0066] Figure 5 illustrates the results
of Simulation 1, which was carried out using correct
initial phases. Figure 6 illustrates the results of
Simulation 2, which was carried out using random
initial phases. Figure 7 illustrates the results of
Simulation 3, which was carried out using incorrect
initial phases of 0 and 90. Figure 8 illustrates the
results of Simulation 4, which was carried out using
correct initial phases, but also including a frequency
offset to simulate a Doppler frequency shift of 50 Hz
on the 20 dB signal at 30 and no Doppler frequency
shift on the weaker signal at 100. [0067] Each of the
four simulations of Figures 5-8 illustrate
implementation of the disclosed methods and systems to
separate and estimate both stronger (Sl) and weaker
(S2) AM cochannel signals. The first three simulations
assumed coherent tuning for both signals. Figure 8
illustrates an implementation of the disclosed methods
and systems in an overloaded signal environment having
a weaker signal with no Doppler shift (coherently
tuned) in combination with a stronger signal (having a
small Doppler shift). For this simulation, the block
size was reduced from 1024 samples to 32 samples with
a sampling rate of 10 kHz. In one exemplary
embodiment, the ratio of Doppler frequency to sampling
rate may be used to determine how much phase change
existsfrom sample to sample and to determine
performance of the disclosed methods and systems.
[0068] With respect to the simulations described
herein, it was noted that the final estimate of a may
not converge to the true a . In this regard, it may be
reasonable to assume that each component of a may be
slightly perturbed from the true value, since a
constraint bound of 1 ignores almost all of the noise
power. Cases where the phase is initialized to
incorrect phases of 0 and 90 may result in estimates
that converge to incorrect phases of around 6 and 84.
Even with convergence to incorrect phases, results
show that each signal may be estimated. A decreasing
residual with each iteration implies that the
estimates of S and a "fit" the data more and more with
each iteration. It will be understood that the
disclosed methods and systems may be further
implemented in other exemplary embodiments with
incorporation of Doppler shifts and miss tuning
offsets to enhance performance for particular signal
environments. [0069] While the invention may be
adaptable to various modifications and alternative
forms, specific embodiments have been shown by way of
example and described herein. However, it should be
understood that the invention is not intended to be
limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents,
and alternatives falling within the spirit and scope
of the invention as defined by the appended claims.
Moreover, the different aspects of the disclosed
methods and systems may be utilized in various
combinations and/or independently. 



Thus the invention is not limited to only those
combinations shown herein, but rather may include
other combinations.WHAT IS CLAIMED IS: 1. A method for
processing AM signals, comprising: receiving RF data
in an overloaded signal environment, said received RF
data comprising cochannel AM signals received in the
same frequency range and at the same time; and
separating each of said cochannel AM signals from
other cochannel AM signals of said received RF data.
2. The method of claim 1, wherein said separating
comprises estimating each of said cochannel AM signals
based on said received RF data. 3. The method of claim
2, wherein said separating further comprises:
providing an initial estimate for each of said
cochannel AM signals; providing a first improved
estimate for each of said cochannel AM signals based
at least in part on said initial estimates for each of
said cochannel AM signals and said received RF data;
and providing a second improved estimate for each of
said cochannel AM signals based at least in part on
said first improved estimates for each of said
cochannel AM signals and said received RF data. 4. The
method of claim 2, wherein said separating further
comprises: i) providing an initial estimate for each
of said cochannel AM signals; andii) providing at
least one additional improved estimate for each of
said cochannel AM signals based at least in part on a
most recent previous estimates for each of said
cochannel AM signals and said received RF data. 5. The
method of claim 4, further comprising repeating step
ii) until a specified termination criteria is
satisfied. 6. The method of claim 4, wherein said RF
data is received by a single sensor; wherein said step
i) comprises providing an initial estimate of (S) of
said cochannel AM signals and an initial estimate of
(a) representing amplitudes and phases of said
cochannel AM signals; and wherein said step ii)
comprises providing an improved estimate (S ) of said
cochannel AM signals based at least in part on a most
recent previous estimate (S ) of said cochannel AM
signals, a most recent previous estimate of (a)
representing amplitudes and phases of said cochannel
AM signals, and said received RF data (r). 7. The
method of claim 6, wherein said step ii) comprises
providing an additional estimate (S ) of said
cochannel AM signals that minimizes the objective
function tr{EH } and satisfies the constraint bound (d
) according to the following relationship: mmtr{EH } E
2 -1) subject to r - E+S a =d L C* 1) where E = S -
S8. The method of claim 1, wherein said overloaded
signal environment is created by intentionally
broadcasting said cochannel AM signals simultaneously
in the same frequency range. 9. The method of claim 8,
wherein one of said cochannel AM signals comprises
public service information; and wherein said method
further comprises isolating said AM signal comprising
said public service information from other cochannel
AM signals of said received RF data. 10. The method of
claim 8, wherein said method further comprises
selectively isolating a given one of said cochannel AM
signals from other cochannel AM signals of said
received RP data in response to a command specifying
the identity of said given one of said cochannel AM
signals. 11. A method for transmitting AM signals,
comprising providing RF data comprising cochannel AM
signals for transmission in the same frequency range
and at the same time for reception by a receiver
operating in an overloaded signal environment, said
receiver configured to separate each of said cochannel
AM signals from other cochannel AM signals of said RF
data. 12. The method of claim 11, wherein one of said
cochannel AM signals comprises public service
information; and wherein said receiver is further
configured to isolate said AM signal comprising said
public service information from other cochannel AM
signals of said received RF data. 13. The method of
claim 11, wherein said receiver is further configured
to selectively isolate a given one of said cochannel
AM signals from other cochannel AM signals of said
received RF data in response to a command specifying
the identity of said given one of said cochannel AM
signals.14. The method of claim 12, wherein said
method further comprises receiving said transmitted RF
data comprising cochannel AM signals; and separating
each of said cochannel AM signals from other cochannel
AM signals of said RF data. 15. A system for
communication using an overloaded signal environment,
said system comprising: transmit circuitry configured
to provide RF data comprising cochannel AM signals for
transmission in the same frequency range and at the
same time; and receive and separation circuitry
configured to receive and separate each of said
cochannel AM signals from other cochannel AM signals
of said RF data. 16. A method for processing AM
signals, comprising: receiving RF data, said received
RF data comprising cochannel AM signals; and
separating each of said cochannel AM signals from
other cochannel AM signals of said received RF data
by: 



i) providing an initial estimate of (S) of said
cochannel AM signals and an initial estimate of (a)
representing amplitudes and phases of said cochannel
AM signals, ii) providing at least one additional
improved estimate of (S )of said cochannel AM signals
based at least in part on a most recent previous AC "
1) estimate (S ) of said cochannel AM signals, a most
recent previousestimate of (a) representing amplitudes
and phases of said cochannel AM signals, and said
received RF data (r), and iii) repeating step ii)
until a specified termination criteria is satisfied.
17. The method of claim 16, wherein said step ii)
comprises providing an additional estimate (S ) of
said cochannel AM signals that minimizes the objective
function {E E} and satisfies the constraint bound d )
according to the following relationship: mintr{E H }
subject to r - E+ =d where E = S - S 18. The method of
claim 17, wherein said step ii) further comprises
minimizing the objective function tr{E-? Ei } and
satisfying the constraint bound (d ) by: a) forming
the Lagrangian: (*-i) (k-\) L(E, l)=tr{E"E} +l r - E
+S r - E +S - ; b) then calculating the gradient of
the Lagrangian: L (*-0 V .L(E, X) = E + l E + S aa'
-ra c) then finding the roots of the gradient of the
Lagrangian with respect to E);d) finding the root of b
l) that minimizes the objective function objective
function tr{EHE}, where: e) then calculating the
projection (E) using the following relationship: E = I
r-S a . aa +J - 1 / f) then calculating the estimate
(S ) of said cochannel AM signals using the following
relationship: E = S - S ; and g) then constraining (S
) to be real. 19. An AM signal processing system,
comprising: receive and separation circuitry coupled
to receive RF data from at least one sensor operating
in an overloaded signal environment, said received RF
data comprising cochannel AM signals received in the
same frequency range and at the same time; and wherein
said receive and separation circuitry is configured to
separate each of said cochannel AM signals from other
cochannel AM signals of said received RF data.20. The
system of claim 19, wherein said receive and
separation circuitry is configured to separate each of
said cochannel AM signals from said other cochannel AM
signals by estimating each of said cochannel AM
signals based on said received RF data. 21. The system
of claim 20, wherein said receive and separation
circuitry is further configured to: provide an initial
estimate for each of said cochannel AM signals;
provide a first improved estimate for each of said
cochannel AM signals based at least in part on said
initial estimates for each of said cochannel AM
signals and said received RF data; and provide a
second improved estimate for each of said cochannel AM
signals based at least in part on said first improved
estimates for each of said cochannel AM signals and
said received RF data. 22. The system of claim 20,
wherein said receive and separation circuitry is
further configured to: i) provide an initial estimate
for each of said cochannel AM signals; and ii) provide
at least one additional improved estimate for each of
said cochannel AM signals based at least in part on a
most recent previous estimates for each of said
cochannel AM signals and said received RF data. 23.
The system of claim 22, wherein said receive and
separation circuitry is further configured to repeat
ii) until a specified termination criteria is
satisfied.24. The system of claim 22, wherein said at
least one sensor is a single sensor; and wherein said
receive and separation circuitry is further configured
to: perform said step i) by providing an initial
estimate of (S) of said cochannel AM signals and an
initial estimate of (a) representing amplitudes and
phases of said cochannel AM signals; and perform said
step ii) by providing an improved estimate (S ) of
said cochannel AM signals based at least in part on a
most recent previous estimate (S ) of said cochannel
AM signals, a most recent previous estimate of (a)
representing amplitudes and phases of said cochannel
AM signals, and said received RF data (r). 25. The
system of claim 24, wherein said receive and
separation circuitry is further L(/o configured to
perform said step ii) by providing an additional
estimate (S ) of said cochannel AM signals that
minimizes the objective function tr{EH } and satisfies
the constraint bound (d ) according to the following
relationship: mmtr{EHE} 2 s (*-l) subject to E +S =d 



- where E = S - S 26. The system of claim 19, wherein
one of said cochannel AM signals comprises public
service information; and wherein said receive and
separation circuitry is further configured to isolate
said AM signal comprising said public service
information from other cochannel AM signals of said
received RF data.27. The system of claim 19, wherein
said receive and separation circuitry is further
configured to selectively isolate a given one of said
cochannel AM signals from other cochannel AM signals
of said received RF data in response to a command
specifying the identity of said given one of said
cochannel AM signals. 28. An AM signal processing
system, comprising: receive and separation circuitry
coupled to receive RF data from a single sensor
operating in an overloaded signal environment, said
received RF data comprising cochannel AM signals; and
wherein said receive and separation circuitry is
configured to separate each of said cochannel AM
signals from other cochannel AM signals of said
received RF data by: i) providing an initial estimate
of (S) of said cochannel AM signals and an initial
estimate of (a) representing amplitudes and phases of
said cochannel AM signals, w ii) providing at least
one additional improved estimate of ( S )of said
cochannel AM signals based at least in part on a most
recent previous estimate (S ) of said cochannel AM
signals, a most recent previous estimate of (a)
representing amplitudes and phases of said cochannel
AM signals, and received RF data (r), and iii)
repeating step ii) until a specified termination
criteria is satisfied. 29. The system of claim 28,
wherein said receive and separation circuitry is
further configured to perform step ii) by providing an
additional estimate (S ) of saidcochannel AM signals
that minimizes the objective function tr{EHE} and
satisfies the constraint bound ( d ) according to the
following relationship: mmtr{EHE) (A-I) subject to - E
+S =d where E = S - S 30. The system of claim 28,
wherein said receive and separation circuitry is
further configured to perform step ii) by minimizing
the objective function tr{EHE) and satisfying the
constraint bound ( d ) by: a) forming the Lagrangian:
Lk-l) (i-l) L(E, l) tr{EHE}+l E+S E+S - d b) then
calculating the gradient of the Lagrangian: r L C*- 1)
V .L(E, l) E+l E + S laa -ra c) then finding the roots
of the gradient of the Lagrangian with respect to E;
d) finding the root of b l) that minimizes the
objective function objective function -{E E}, where:e)
then calculating the projection (E) using the
following relationship: f) then calculating the
estimate (S ) of said cochannel AM signals using the
following relationship: L g) then constraining (S ) to
be real. 


