
Polyunsaturated fatty acids for the treatment of diseases related to
cardiovascular, metabolic and inflammatory disease areas Priority [0001]
This application claims the benefit of priority of U.S. Provisional Patent
Application No. 61/176,503, filed May 8, 2009, the contents of which is
incorporated herein by reference. Technical field [0002] The present
disclosure relates to lipid compounds of the general formula (I): wherein
Ri is a C10-C22 alkyl group, a C10-C22 alkenyl group having 1-6 double
bonds, or a C10-C22 alkynyl group having 1-6 triple bonds;  R2 and R3 are
the same or different and may be chosen from a hydrogen atom, a hydroxy
group, an alkyl group, a halogen atom, an alkoxy group, an acyloxy group,
an acyl group, an alkenyl group, an alkynyl group, an aryl group, an
alkylthio group, an alkoxycarbonyl group, a carboxy group, an alkylsulfinyl
group, an alkylsulfonyl group, an amino group, and an alkylamino group,
with the proviso that R and R3 cannot both be a hydrogen atom; or  R2 and
R3 together form a cycloalkyl group, such as cyclopropane, cyclobutane,
cyclopentane, or cyclohexane;  X is a carboxylic acid or a derivative
thereof, such as, a carboxylic ester, a carboxylic anhydride, carboxamide,
phospholipid, monoglyceride, diglyceride, or triglyceride;or a
pharmaceutically acceptable salt, solvate, solvate of such salt or a
prodrug thereof. [0003] In embodiments where R2 and R3 are different, the
compounds of formula (I) are capable of existing in stereoisomeric forms.
It will be understood that the invention encompasses all optical isomers of
the compounds of formula (I) and mixtures thereof. [0004] The present
disclosure also relates to pharmaceutical compositions and lipid
compositions comprising at least one compound of formula (I). In addition,
the present disclosure includes compounds of formula (I) for use as
medicaments or for use in therapy, such as for the treatment of diseases
related to the cardiovascular, metabolic, and inflammatory disease areas.
Background [0005] Dietary polyunsaturated fatty acids (PUFAs) have effects
on diverse physiological processes impacting normal health and chronic
diseases, such as the regulation of plasma lipid levels, cardiovascular and
immune functions, insulin action, neuronal development and visual function.
[0006] Due to their limited stability in vivo and their lack of biological 



specificity, PUFAs have not achieved widespread use as therapeutic agents.
Chemical modifications of the n-3 polyunsaturated fatty acids have been
performed by several research groups in order to change or increase their
effects. [0007] For example, the hypolipidemic effects of
(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoic acid (DHA) was
potentiated by introducing a substituent in the a- position of (4Z.7Z, 10Z,
13Z, 16Z, 19Z)-ethyl docosa-4,7, 10 ,13,16,1 9-hexaenoate (DHA EE). (WO
2006/1 17664) It is reported that obese, high fat-fed mice treated with
alpha-substituted DHA derivatives prevented and reversed obesity andglucose
intolerance. (Rossmeisl, M., et al., Obesity (Silver Spring) 2009 Jan 15.)
[0008] Several research groups have prepared unsaturated fatty acids with
oxygen incorporated in the b-position (Flock, S. et al., Acta Chemica
Scandinavica, (1999) 53: 436 and Pitt, MJ, et al., Synthesis, (1997)
1240-42). [0009] A novel group of fatty acid derivatives combining an
oxygen atom in b-position with a a-substituents represented by the general
formula (I) has been developed. These novel fatty acids reduce lipid levels
in a dyslipidemic mice model to a greater extent than naturally occurring
polyunsaturated fatty acids. Description of the Figures [0010] Figure 1:
Cholesterol and triglyceride levels in APOE *3Leiden mice after
administration of one embodiment of the present disclosure and Omacor(tm).
[001 1] Figure 2: Cholesterol and triglyceride levels in APOE *3Leiden.CETP
mice after administration of one embodiment of the present disclosure and
fenofibrate. [0012] Figure 3: HDL levels in APOE *3Leiden. CETP mice after
administration of one embodiment of the present disclosure and fenofibrate.
Summary [0013] One object of the present disclosure is to provide lipid
compounds having improved biological activity compared to naturally
occurring polyunsaturated fatty acids. This object may be achieved by a
lipid compound of formula (I)[0014] For example, the present disclosure
relates to compounds of formula (I), wherein:  Ri is a C-10-C22 alkyl
group, a C10-C22 alkenyl group having 1-6 double bonds, or a C10-C22
alkynyl group having 1-6 triple bonds;  R2 and R3 are the same or different
and may be chosen from a hydrogen atom, a hydroxy group, an alkyl group, a
halogen atom, an alkoxy group, an acyloxy group, an acyl group, an alkenyl
group, an alkynyl group, an aryl group, an alkylthio group, an
alkoxycarbonyl 



group, a carboxy group, an alkylsulfinyl group, an alkylsulfonyl group, an
amino group, and an alkylamino group, with the provisio that R2 and R3
cannot both be a hydrogen atom; or  R and R3 together can form a cycloalkyl
group, such as cyclopropane, cyclobutane, cyclopentane, or cyclohexane;  X
is a carboxylic acid or a derivative thereof, such as, a carboxylic ester,
a carboxylic anhydride , a carboxamide, a phospholipid, or a triglyceride;
or a pharmaceutically acceptable salt, solvate, solvate of such salt or a
prodrug thereof. [0015] In at least one embodiment, the alkyl group may be
chosen from methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, and
n-hexyl. The alkenyl group may be chosen from allyl, 2-butenyl, and
3-hexenyl. The alkynyl group may be chosen from propargyl, 2-butynyl, and
3-hexynyl. The halogen atom may be chosen from fluorine, chlorine, bromine,
and iodine. The alkoxy group may be chosen from methoxy, ethoxy, propoxy,
isopropoxy, sec-butoxy, phenoxy, benzyloxy, OCH2CF3, and OCH2CH2OCH3. The
acyloxy group may be chosen from acetoxy, propionoxy, and butyroxy. The
aryl group is a phenyl group. The alkylthio group may be chosen from
methylthio, ethylthio, isopropylthio, and phenylthio. The alkoxycarbonyl
group may be chosen from methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
and butoxycarbonyl. The alkylsulfinyl group may be chosen from
methanesulfinyl,ethanesulfinyl, and isopropanesulfinyl. The alkylsulfonyl
group may be chosen from methanesulfonyl, ethanesulfonyl, and
isopropanesulfonyl. The alkylamino group may be chosen from methylamino,
dimethylamino, ethylamino, and diethylamino. The carboxylate group may be
chosen from ethyl carboxylate, methyl carboxylate, n-propyl carboxylate,
isopropyl carboxylate, n-butyl carboxylate, sec-butyl carboxylate, and
n-hexyl carboxylate. The carboxamide group may be chosen from carboxamides,
such as N-methyl carboxamide, N,N-dimethyl carboxamide, N-ethyl carboxamide
and N,N-diethyl carboxamide. [0016] In at least one embodiment of the
invention, one of the substituents R2 and R3 of the compound of formula (I)
is hydrogen and the other one is chosen from a hydroxy group, an alkyl
group, a halogen atom, an alkoxy group, an acyloxy group, an acyl group, an
alkenyl group, an alkynyl group, an aryl group, an alkylthio group, an
alkoxycarbonyl group, a carboxy group, an alkylsulfinyl group, an
alkylsulfonyl group, an amino group, and an alkylamino group. [0017] In
another embodiment of the invention, the substituents R2 and R3 of the
compound of formula (I) are the same or different and may be chosen from a
hydroxy group, an alkyl group, a halogen atom, an alkoxy group, an acyloxy
group, an acyl group, an alkenyl group, an alkynyl group, 



an aryl group, an alkylthio group, an alkoxycarbonyl group, a carboxy
group, an alkylsulfinyl group, an alkylsulfonyl group, an amino group. For
example, R2 and R3 may be chosen from methyl, ethyl, n-propyl, or
isopropyl. [0018] When derived or prepared from a polyunsaturated fatty
acid, R1 is typically a C10-C22 alkenyl group with 3-6 double bonds, e.g.
3-6 methylene interrupted double bonds in Z configuration. For example, Ri
may be chosen from:  a C1 alkenyl with 4 methylene interrupted double bonds
in Zconfiguration, a C18 alkenyl with 3-5 double bonds, e.g. a C18 alkenyl
with 5 methylene interrupted double bonds in Z configuration,  a C2O
alkenyl with 5 methylene interrupted double bonds in Zconfiguration, or  a
C22 alkenyl with 6 methylene interrupted double bonds in Zconfiguration.
[0019] Furthermore, R1 may be a C10-C2 alkynyl group, e.g. a C16- C22
alkynyl with 1-6 triple bonds. [0020] The present disclosure also relates
to salts of the compound of formula (I). Such salts may be represented by
wherein X is COO , and Z+ may be NH4 +, a metal ion such as Li+, Na+, or
K+, a protonated primary amine such as terf-butyl ammonium, (3s,5s,7s)-
adamantan-1 -ammonium, 1,3-dihydroxy-2-(hydroxymethyl)propan-2- ammonium or
a protonated aminopyridine (e.g., pyridine-2-ammonium), a protonated
secondary amine such as diethylammonium, 2,3,4,5,6-
pentahydroxy-N-methylhexan-1 -ammonium, N-ethylnaphthalen-1 -ammonium, a
protonated tertiary amine such as 4-methy]morpholin-4-ium, a protonated
guanidine such as amino((4-amino-4-carboxybutyl)amino)methaniminium or a
protonated heterocycle such as 1H-imidazol-3-ium, or bywherein X = COO ,
and Z2+ may be Mg2+ or Ca2+, or a diprotonated diamine such as ethane-1
,2-diammonium or piperazine-1,4-diium. Another representative salt is
wherein X is COO , and Zn is protonated Chitosan: [0021] Furthermore, the
present disclosure relates to compounds of formula (I), wherein X is a
carboxylic acid in the form of a phospholipid. Such compounds may be
represented by the following formulas (M-IV),wherein W is: and wherein W
is:and wherein W is:[0022] Compounds of formula (I), wherein X is a
carboxylic acid in the form of a triglyceride, a 1,2-diglyceride, a 1,3
diglyceride, a 1- monoglyceride and a 2-monoglyceride, are also included
within the present disclosure. These are hereinafter represented by the
formulas (V), (Vl), (VII), (VIII) and (IX), respectively.A magnetic
bearing, a rotary stage, and a reflective electron beam lithography
apparatus FIELD OF THE INVENTION 



The invention relates to the design of magnetic bearings, in particular it
relates to the design of rotational stages for electron beam lithography
and for electron beam metrology. BACKGROUND OF THE INVENTION Magnetic
bearings are bearings that use magnetic force to support a rotor. The
advantage of using a magnetic bearing is that there are no mechanical parts
to wear out. A disadvantage of magnetic bearings is that they require
electrical current to levitate the rotor. At high speeds, eddy currents in
the rotor due to different portions of the rotor passing through the
magnetic fields of the magnetic actuators can lead to an energy loss.
United States patent US 6,191,513 Bl discloses the use of silicon steel
laminations to reduce eddy currents that result in power loss due to
heating caused by magnetic hysteresis and to a delay in the control of
response magnets. In wafer inspection devices and for electron beam
lithography systems for the semiconductor industry commonly use linear
stages. However, the time required to scan a wafer with a linear stage is a
limit on the wafer throughput for these systems. In the Journal of Vacuum
Science and TechnologyB volume 27, pages 161 through 166 an article by Paul
Petric, Chris Bevis, Allen Carroll, Henry Percy, Marek Zywno, Keith
Stanford, Alan Brodie, Boah Bareket, and Luca Gralla (hereafter referred to
as Petric), a Reflective Electron Beam Lithography (REBL) system is
disclosed. It discloses the use of a rotary stage for multiple silicon
wafers. SUMMARY OF THE INVENTION The invention provides for a magnetic
bearing, a rotary stage, a reflective electron beam lithography apparatus,
a magnetic actuator, and a cylindrical rotor in the independent claims.
Embodiments of the invention are given in the dependent claims. Embodiments
of the invention address the aforementioned problems by the use of
ferromagnetic materials in the rotor which reduce the eddy currents. In
oneembodiment, soft magnetic composite iron is used in the cylindrical
rotor. In another embodiment, ferromagnetic laminates such as silicon steel
are used to limit the eddy currents. A disadvantage of using laminations to
construct the cylindrical rotor is that at higher speeds so called
lamination noise can be produced. Lamination noise is due to laminations
being suddenly exposed to a large magnetic field. Lamination noise is
defined herein as being the noise emitted by ferromagnetic laminations when
exposed to stepwise magnetic field changes. A familiar example of
lamination noise is the hum produced by some transformers. The hum can be
due to the vibrations of wires, but it can also be caused by vibrations of
the ferromagnetic plates used to construct the transformer. Lamination
noise in a rotary stage for lithography or metrology is not desirable. It
can cause small acoustical vibrations in the stage, which could interfere
with the lithography process or the metrology. Embodiments of the invention
address the problem of lamination noise by adjusting the orientation of the
laminations and/or the orientation of the magnetic actuators so that as the
bearing rotates the magnetic field does not increase uniformly across each
lamination. In one embodiment of the invention, corners and edges of
ferromagnetic materials that comprise the actuators and are adjacent to the
cylindrical rotor are rounded. 



This makes the magnetic field increase less abruptly and also reduces the
lamination noise. An embodiment of the invention reduces the amount of
electrical energy required to operate the magnetic bearing by using a
permanent magnet to support or partially support the cylindrical rotor
against the force of gravity. Embodiments of the invention provide for a
magnetic bearing with an axis of rotation. The magnetic bearing comprises a
cylindrical rotor comprising a ferromagnetic material. The cylindrical
rotor has an axis of symmetry, and the cylindrical rotor has an inner
radius. The cylindrical rotor has a topside. Since the magnetic bearing has
an axis of rotation, it is understood that this magnetic bearing functions
in a gravitational field. The magnetic bearing further comprises a static
hub. The static hub has an overhang which protrudes from the static hub and
is located adjacent to the topside. The topside of the cylindrical rotor is
on top as defined by the gravitational field. The magnetic bearing further
comprises a lift magnetic actuator apparatus for controlling the distance
between the first surface and the overhang. The lift magnetic actuator can
comprise permanent magnets, electromagnets, or a combination of electro and
permanent magnets. The magnetic bearing further comprises a radial magnetic
actuator apparatus for controlling the distance between the inner radius
and the axis of rotation. The radial magnetic actuator apparatus can also
comprise permanent magnets, electromagnets, or a combination of
electromagnets and permanent magnets.This arrangement is advantageous,
because the magnetic bearing has a cylindrical rotor which is able to hang
from the static hub. The cylindrical rotor comprises ferromagnetic
materials and does not contain any magnets. In some embodiments, the lift
magnetic actuator is able to support the cylindrical rotor against the
force of gravity, and it also stabilizes the rotation of the cylindrical
rotor by preventing it from wobbling. The lift magnetic actuators control
the distance between the first surface and the overhang, and they also
align the axis of rotation and the axis of symmetry in the same direction.
The radial magnetic actuator apparatus aligns the axis of symmetry and the
axis of rotation so that they are coaxial. Depending upon the embodiment
the axis of rotation and the axis of symmetry can deviate slightly. If the
axis of rotation is horizontal, then the radial magnetic actuators may be
used to lift the cylindrical rotor. The cylindrical rotor behaves much like
a gyroscope. The mass of the cylindrical rotor and any structure which is
connected to the rotor and rotating with it has a moment of rotational
inertia. If there are small vibrations or disturbances, the rotational
inertia will have a tendency to reduce the amount of movement in the
cylindrical rotor. This means that the bearing will be very useful for
providing a stable stage for such applications as electron beam lithography
or electron beam metrology. In another embodiment, the lift magnetic
actuator apparatus comprises at least one permanent magnet capable of
supporting the cylindrical rotor against the gravitational force. This
embodiment is advantageous, because the at least one permanent magnet
supports the cylindrical rotor, so therefore less power is needed for the
electromagnets to support the rotor. This reduces the electrical power
needed to operate the magnetic bearing. In another embodiment, the axis of
rotation is a vertical axis of rotation. The vertical axis of rotation is
aligned with gravity. 



In another embodiment, the axis of rotation is a horizontal axis of
rotation. In another embodiment, the radial magnetic actuator apparatus
and/or the lift magnetic actuator apparatus comprises at least one hybrid
magnet. The hybrid magnet comprises a ferromagnetic core. The ferromagnetic
core has two slots cut in it such that the cross section is E-shaped. There
is a middle section between the two slots, and the middle section has an
outer surface whose normal points away from the ferromagnetic core. The
hybrid magnet further comprises a coil of wire adapted for generating a
magnetic field when a current is passed through the wire. The coil is
located within the two slots and around the middle section. The hybrid
magnet further comprises a permanent magnet which is placed on the outer
surface. The magnetization of the permanent magnet is aligned with the
normal ofthe outer surface. This embodiment is advantageous, because the
permanent magnet is able to provide a portion of magnetic field needed to
levitate the cylindrical rotor. The electromagnet is then able to either
strengthen or weaken the magnetic field of the permanent magnet. In another
embodiment, the ferromagnetic material comprises a soft magnetic composite
in order to reduce the eddy currents during the rotation of the cylindrical
rotor. The use of a soft magnetic composite is beneficial because eddy
currents create losses and a damping force that opposes the rotation of the
bearing. In another embodiment, the ferromagnetic material comprises
Somaloy in order to reduce eddy current stream rotation. Somaloy is a type
of a soft magnetic composite. The benefits of using a soft magnetic
composite have already been discussed. In another embodiment, the
ferromagnetic material comprises ferromagnetic laminations for reducing
eddy currents during the rotation of the magnetic bearing. The laminations
are stacked in a circular path about the axis of symmetry to construct a
cylindrical volume. The use of laminations has the benefit that the eddy
currents are reduced. In another embodiment, there is a plane in which the
axis of symmetry lies for each of the laminations. Each of the laminations
has a first transverse axis, and each of the laminations is arranged such
that it is rotated out of the plane about its first transverse axis by a
first angle that is between Oand 60 degrees, preferably between 0.1 and 15
degrees. The measure of angle is given in absolute terms. The first angle
can be either negative or positive. This embodiment is advantageous,
because having the laminations at a slight angle with respect to the
leading edge of the magnetic field of the radial magnetic actuator
apparatus allows the lamination noise to be reduced. Being located on the
radial plane of the cylindrical rotor, in many embodiments it is not easy
to tilt the radial magnetic actuator. By rotating the laminations by the
first angle, the radial magnetic actuator does not need to be rotated. In
another embodiment, there is a plane in which the axis of symmetry lies.
Each of the laminations has a longitudinal first axis wherein each of the
laminations is arranged such that it is rotated out of the plane about its
first longitudinal axis by a second angle between Oand 60 degrees,
preferably between 0.1 and 15 degrees. The measure of angle is given in
absolute terms. The second angle can be either negative or positive.
Rotating these laminations about the longitudinal axis is beneficial,
because the laminations can then have a slight angle with respect to the
magnetic field of the lift magnetic actuator apparatus. This has the same
benefit as was noted when the laminations are rotated by the 



first angle.In another embodiment, the laminations are rotated about both
the first angle and the second angle. In this embodiment the laminations
have the angle controlled with respect to both the lift magnetic actuator
apparatus and the radial magnetic actuator apparatus. In another
embodiment, the lift actuator apparatus comprises at least one first hybrid
magnet. The first hybrid magnet has a second longitudinal axis and a second
transverse axis, and there is a radius that intersects both the
longitudinal axis and the second transverse axis. The second transverse
axis encloses a third angle between 0 and 60 degrees with the radius,
preferably between 0.1 and 15 degrees. The measure of angle is given in
absolute terms. The third angle can be either negative or positive. This
embodiment is advantageous because the orientation of the ferromagnetic
laminations with respect to the lift magnetic actuator apparatus can be
adjusted for the purpose of reducing lamination noise. In another
embodiment, the lift radial apparatus comprises at least one second hybrid
magnet (132, 542, 1399). The longitudinal axis and a plane orthogonal to
the axis of rotation enclose a fourth angle between 0 and 60 degrees with
the radius, preferably between 0.1 and 15 degrees. This embodiment is
advantageous, because the orientation of the ferromagnetic laminations with
respect to the radial magnetic actuator apparatus can be adjusted for the
purpose of reducing lamination noise. In another embodiment, the lift
magnetic actuator apparatus and/or radial magnetic actuator apparatus
comprises at least one ferromagnetic core. The ferromagnetic core has two
or more second surfaces whose normal forms an acute angle with a tangent of
a circular path about the axis rotation wherein at least one edge of at
least one second surface is rounded to reduce lamination noise. This
embodiment is advantageous, because it removes a corner which is adjacent
to the cylindrical rotor. Having the sharp edge of a ferromagnetic core
makes the magnetic field smoother and thus reduces the lamination noise. In
another embodiment, the magnetic bearing further comprises a radial sensor
system for measuring the distance of the inner radius with respect to the
rotational axis. The magnetic bearing further comprises a lift sensor for
measuring the distance between the first surface and the overhang. The
magnetic bearing further comprises a control system adapted for receiving
signals from the lift sensor and for controlling the lift magnetic actuator
apparatus such that a first predetermined distance between the first
surface and the overhang is maintained. The control system is further
adapted for receiving signals from the axial sensor system and for
controlling the axial magnetic actuator apparatus such that a second
predetermined distance between the inner radius and the axis of rotation is
maintained.In another aspect, the invention provides for a rotary stage.
The rotary stage comprises a magnetic bearing according to an embodiment of
the invention. The rotary stage further comprises a drive system adapted
for rotating the magnetic bearing. The rotary stage comprises a platter
adapted for holding at least one workpiece. The platter is driven by a
cylindrical motor. The rotary stage further comprises an encoder for
determining the angle of orientation of the magnetic bearing. This
embodiment is advantageous, because such a rotary stage can be used for
electron beam lithography and also for electron beam metrology equipment.
Such a rotary stage can be used for other applications where stable rotary
motion 



is necessary such as for a flywheel for energy storage. In another
embodiment, the lift magnetic actuator apparatus comprises at least one
permanent magnet capable of supporting the cylindrical rotor and the
platter against the gravitational force. This embodiment has the same
benefit as was discussed previously for the magnetic bearing alone. In
another aspect, the invention provides for a reflective electron beam
lithography apparatus comprising a rotary stage according to an embodiment
of the invention. The design and use of reflective electron beam
lithography apparatuses are described in Petric. In another aspect, the
invention provides for a magnetic actuator for controlling the distance
between the cylindrical rotor and a static hub in the magnetic bearing. The
magnetic actuator comprises a ferromagnetic core and the ferromagnetic core
has a leading surface and a trailing surface which has one or more rounded
edges for reducing lamination noise. The benefits of this embodiment have
been previously discussed. In another aspect, the invention provides for a
cylindrical rotor comprising a ferromagnetic material. The cylindrical
rotor has an axis of symmetry and the ferromagnetic material comprises
ferromagnetic laminations for reducing eddy currents during rotation of the
cylindrical rotor. The laminations are stacked in a circular path about the
axis of symmetry to construct a cylindrical volume. There is a plane in
which the axis of symmetry lies for each of the laminations, and each of
the laminations has a first transverse axis ( 1182). Each of the
laminations is arranged such that it is rotated out of the plane about its
first transverse axis by a first angle ( 1184) between 0 and 60 degrees,
preferably between 0.1 and 15 degrees.BRIEF DISCRIPTION OF THE DRAWINGS In
the following preferred embodiments of the invention will be described, by
way of example only, and with reference to the drawings in which: Fig. 1
shows a functional diagram of an embodiment of the invention, Fig. 2 shows
a cross sectional view of an embodiment of a magnetic bearing according to
the invention, Fig. 3 shows a perspective view of a cylindrical rotor
according to an embodiment of the invention, Fig. 4 shows a close up, top
view of a portion of a cylindrical rotor according to an embodiment of the
invention, Fig. 5 shows an assembly drawing of a hybrid magnet according to
an embodiment of the invention, Fig. 6 shows an illustration that
demonstrates the benefit of using a hybrid magnet according to an
embodiment of the invention, Fig. 7 shows a cross sectional view of a
hybrid magnet and a cylindrical rotor according to an embodiment of the
invention, Fig. 8 shows a perspective view of a magnetic bearing according
to an embodiment of the invention with the cylindrical rotor removed, Fig.
9 shows a perspective view of a magnetic bearing according to an 



embodiment of the invention, Fig. 10 shows a cross sectional, perspective
view of a magnetic bearing according to an embodiment of the invention,
Fig. 11 illustrates the rotation of a ferromagnetic lamination about its
first transversal axis, Fig. 12 illustrates the rotation of a ferromagnetic
lamination about its first longitudinal axis, Fig. 13 illustrates the
rotation of a hybrid magnet on the static hub, Fig. 14 shows an embodiment
of a rotary stage according to the invention. DETAILED DESCRIPTION Like
numbered elements in these Figures are either identical elements or perform
the same function. Elements which have been discussed previously will not
necessarily be discussed in later Figures if the function is identical.Fig.
1 shows a diagram that demonstrates the concept of embodiments of the
invention. There is a perspective view of a rotational disc 100 and a side
view 102 of the same rotational disc. The disc rotates about an axis of
rotation 106. There is a magnetic bearing 108 that supports the rotational
disc 100, 102. The arrows labeled 112 indicate stabilization due to a
radial magnetic actuator apparatus, and arrows indicated 110 show
stabilization and lift due to lift magnetic actuator apparatus. Some
embodiments of the invention support the disc 102, 100 and the magnetic
bearing 108 against the force of gravity. The arrow 104 shows the direction
of rotation. Key features of this embodiment are: The disk 100, 102 in Fig.
1 is rotated with an electromotor. In one embodiment, the stationary part
of the motor (stator) magnetically interacts with its rotor which is build
in with the rotational disk. There is no mechanical bearing system coupling
rotor and the stator. In an alternative embodiment, there is a mechanical
drive system which turns the magnet bearing. In the axial direction,
magnetic levitation is required against gravity. These axial magnetic
levitation units (or lift magnetic actuator apparatus) are also actively
controlled to stabilize the air gaps in the magnetic bearing. In radial
direction, the magnetic levitation units (or radial magnetic actuator
apparatus) hold the rotating disk in position. The radial magnetic
levitation units supply a static preload and control the distance actively.
In one embodiment the static preload is supplied with a permanent magnet.
Fig. 2 shows a cross-sectional side view of an embodiment of a magnetic
bearing according to the invention. There is a static hub 120, and there is
the axis of rotation 106. There is an overhang 122 which extends out of the
static hub 120. There is a cylindrical rotor 116 which is adapted for
rotation about the axis of rotation 106. The cylindrical rotor 116 has an
axis of symmetry 114. During operation the axis of symmetry 114 and the
axis of rotation 106 may be aligned. The cylindrical rotor 116 comprises an
outer collar 134 and a ferromagnetic material 118. The ferromagnetic
material has a topside 128 which is adjacent to the lift magnetic actuator
apparatus 130. The lift magnetic actuator apparatus 130 is 



connected to the overhang 122. The lift magnetic actuator apparatus can
support the cylindrical rotor 116 against the force of gravity. The lift
magnetic actuator 130 also controls the distance between the first side 128
and the overhang 122. This is indicated by the distance 126 in the diagram.
There is a radial magnetic actuator apparatus 132 which controls
thedistance between the inner radius 124 and the axis of rotation 106. The
distance is indicated by arrow 136 in the diagram. Fig. 3 shows an
embodiment of a cylindrical rotor 116. As can be seen in the Figure, this
rotor is symmetric with respect to an axis of symmetry 114. There is a
collar 134 which surrounds a cylinder of ferromagnetic material 118. The
ferromagnetic material 118 in this embodiment is comprised of individual
ferromagnetic laminations 338. The position of one ferromagnetic lamination
is shown by a rectangle labeled 338 in the Figure. Fig. 4 shows a close up
side view of a section of the cylindrical rotor shown in Fig. 3. Again
there is a collar 134. In Fig. 4, we can see that the ferromagnetic
material is comprised of a stack of ferromagnetic laminations 440. Fig. 5
shows an embodiment of a hybrid magnet 542. The hybrid magnet 542 is
constructed from a permanent magnet 544, a coil 546 and a ferromagnetic
core 548. The ferromagnetic core 548 has two slots 550. There is a middle
section 552 which has an outer surface 554. The coil 546 fits into the two
slots 550 and is located around the middle section 552. The permanent
magnet 544 is then attached to the outer surface 554. The arrow 556
indicates the direction normal to the outer surface 554 and is also located
in the same direction as the magnetization produced by the hybrid magnet
542. Fig. 6 shows a diagram which illustrates the benefit of using a hybrid
magnet which comprises a permanent magnet. In this diagram the force 664 of
attraction of a cylindrical rotor to an electromagnetic is shown. The force
664 between the hybrid magnet and the cylindrical rotor is proportional to
the square of the current through the coil and inversely proportional to
the square of the gap between the two. Axis 664 indicates the force and
axis 662 indicates the current of electromagnet. Force 666 is the force
necessary to lift the cylindrical rotor. In order to lift the cylindrical
rotor a force is necessary. However, this can be supplied by a permanent
magnet. 668 shows the amount current that can be replaced by a permanent
magnet. The permanent magnet lifts the rotor and the electromagnet is only
necessary to increase or decrease the force in order to adjust the position
of the cylindrical rotor relative to the overhang. Arrow 670 indicates how
force of the magnet can be varied by the electromagnet. Fig. 7 shows a
cross-sectional diagram which shows an example of a hybrid magnet in
operation. There is a hybrid magnet 542 and a cylindrical rotor 116. Hybrid
magnet 542 comprises the previously described hybrid magnet and a hybrid
magnet mount 674. The cylindrical rotor 116 comprises a ferromagnetic
material 118. The permanent magnet 544 is adjacent to the ferromagnetic
material 118. In this diagram we see magneticfield lines 676 due to the
coils 546. Electromagnets 546 serve to strengthen and weaken the permanent
magnet 544. Curve 678 shows the path of a small eddy current induced by
magnetic field line 676. Fig. 8 shows an embodiment of a static hub 120
according to an embodiment of the invention. The static hub 120 has an
overhang 122. There is a lift magnetic actuator 



apparatus 130 mounted to the underside of the overhang 122 and there is a
radial magnetic actuator apparatus 132 mounted below the overhang 122 on
the static hub 120. Fig. 9 shows an assembly drawing of a magnetic bearing
according to an embodiment of the invention. There is a static hub 120 with
the cylindrical rotor 116 mounted on it. The cylindrical rotor comprises
the metal 134 on the outside, and on the inside is a ferromagnetic material
118. Also visible is the lift magnetic actuator apparatus 130. The lift
magnetic actuator apparatus 130 is between the overhang 122 and the topside
128 of the cylindrical rotor 116. In Fig. 8 and Fig. 9, the considered way
of rotational magnetic levitation is shown. The cylindrical rotor 116 shown
in Fig. 9 is connected to the rotational part of the system. This disk can
be connected to the rotor of an electric motor as well. The lift 130 and
radial 132 magnetic actuators apparatus are indicated in Figs. 8 and 9. The
lift 130 and radial 132 magnetic actuators comprise an E-shaped core, a
permanent magnet (to create offset field or preload) and a coil. In this
case it is a reluctance actuator. Another sort of actuator can also be used
in another embodiment. The permanent magnet field generated by the lift
magnetic actuators apparatus 130 can attracts the rotating load in vertical
direction against gravity. The coils control the gap variations thus the
stability of the system. In Fig. 8, the radial actuator apparatus is shown.
It creates a certain preload due to permanent magnets. This preload can be
weaker than the preload of radial units. Fig. 10 shows a cross sectional,
perspective view of the magnetic bearing shown in Figs. 9 and 10. At higher
speeds, fast changing magnetic fields induce eddy currents in the steel.
Eddy currents create losses and a damping force that is opposing the
rotation. The steel rotational disk is clearly exposed to variable magnetic
fields in both radial and axial directions. In order to remove (minimize)
this effect, the steel could be made of a soft magnetic composite iron. An
example of a soft magnetic composite is Somaloy. In Fig. 10, the
cross-sectional view of the part of the disk in orange color which should
comprise a low loss (low electrical resistance) material.Fig. 11 is used to
illustrate how the position of laminations when they have been rotated
about their first transversal axis 1182. Fig. 11 shows the axis of symmetry
114 of a cylindrical rotor. There is a plane 1180 in which the axis of
symmetry 114 lies. A plane 1180 can be drawn for each lamination 1188. The
position of the lamination before rotation is marked by dashed lines
labeled 1186. The lamination 1188 has a first transversal axis 1182. The
first transversal axis 1182 also lies in the plane 1180. The first
transversal axis 1182 is also perpendicular to the axis of symmetry 114.
The lamination is rotated about the first transversal axis 1182 by a first
angle 1184. Fig. 12 illustrates the rotation of a ferromagnetic lamination
118 about its first longitudinal axis 1290. In Fig.l 1we can see the axis
of symmetry 114 that lies in the plane 1180. In this Figure, the
ferromagnetic lamination 1288 is rotated from its position in the plane
1286 by a second angle 1284. The first longitudinal axis 1290 lies in the
plane 1180 and is in the same direction but is not coaxial with the axis of
symmetry 114. This means it is also perpendicular to the first transversal
axis 1182. The orientation of the laminations can be 



specified by rotation about the first angle 1184 and the second angle 1284
as illustrated in Figs. 10 and 11. Fig. 13 shows the orientation of a
hybrid magnet 1399 after it has been rotated and put at a skew angle on the
static hub 120. Fig. 13 shows a bottom view of a static hub 120. A hybrid
magnet 1399 is shown mounted on the overhang 122. The position before
rotation is shown in dashed lines as 1398. The hybrid magnet 1399 has a
second longitudinal axis 1394 and a second transversal axis 1396. Since
this is a bottom view the position of the axis of rotation 106 is shown as
a point 106. There is a radius extending from the vertical axis of rotation
106 to the intersection point of the second longitudinal axis 1394 and the
second transversal axis 1396. After rotation the second transversal axis
1396 and the radius 1392 enclose a third angle 1393. Fig. 14 shows an
embodiment of a rotary stage 1401 according to the invention. The rotary
stage shown in Fig. 13 incorporates a magnetic bearing as was previously
shown in Fig. 2. There is a platter 1403 shown mounted to the cylindrical
rotor 116. To turn the magnetic bearing there is a motor 1407. This can be
a mechanical drive system or it can also be a magnetic rotor. There is an
encoder 141 1 to accurately measure the rotational position of the platter
1403. On top of the platter 1403 are shown two substrates 1405. Examples of
substrates 1405 would be silicon wafers or masks for semiconductor
fabrication.LIST OF REFERENCE NUMERALS: 100 Perspective view of rotational
disk 102 Side view of rotational disk 104 Direction of rotation 106 axis of
rotation 108 Magnetic bearing 110 Stabilization due to lift magnetic
actuator apparatus 112 Stabilization due to radial magnetic actuator
apparatus 114 Axis of symmetry 116 Cylindrical rotor 118 Ferromagnetic
material 120 Static hub 122 Overhang 124 Inner radius 126 Distance between
top side and overhang 128 Top side 130 Lift magnetic actuator apparatus 132
Radial magnetic actuator apparatus 134 Collar 136 Distance between inner
radius and the axis of rotation 338 Ferromagnetic lamination 440
Ferromagnetic laminations 542 Hybrid magnet 



544 Permanent magnet 546 Coil 548 Ferromagnetic core 550 Slot 552 Middle
section 554 Outer surface 556 Normal to outer surface662 Current 664 Force
of attraction as a function of current due to electromagnet 666 Force
necessary to lift cylindrical rotor 668 Nominal current that can be
replaced by permanent magnet 670 Change in force necessary to control
cylindrical rotor 672 Rounded edge 674 Mount for hybrid magnet 676 Magnetic
field line 678 Eddy current 1180 Plane 1182 First transversal axis 1184
First angle 1186 Location of ferromagnetic lamination before rotation about
first transversal axis 1188 Ferromagnetic lamination 1284 Second angle 1286
Location of ferromagnetic lamination before rotation about first
longitudinal axis 1288 Ferromagnetic lamination 1290 First longitudinal
axis 1392 radius 1393 Third angle 1394 Second longitudinal axis 1396 Second
transversal axis 1398 Original orientation of hybrid magnet 1399 Hybrid
magnet 1401 Rotary stage 1403 Platter 1405 substrate 1407 motor 141 1
encoderCLAIMS: 1. A magnetic bearing (108) with an axis of rotation (106),
wherein the magnetic bearing comprises: a cylindrical rotor (116)
comprising a ferromagnetic material (118, 338, 440), wherein the
cylindrical rotor has an axis of symmetry ( 114), wherein the cylindrical
rotor has 



an inner radius (124), wherein the cylindrical rotor has a top side (128)
that lies in a plane orthogonal to the axis of symmetry, a static hub
(120), wherein the static hub has an overhang (122) which protrudes from
the static hub and is located adjacent to the top side, a lift magnetic
actuator apparatus (130) for controlling the distance (126) between the top
side and the overhang, a radial magnetic actuator apparatus (132) for
controlling the distance (136) between the inner radius and the axis of
rotation; wherein the lift magnetic actuator apparatus (130) comprises at
least one permanent magnet (544) capable of supporting the cylindrical
rotor against the gravitational force and wherein the radial magnetic
actuator apparatus (132) and/or the lift magnetic actuator apparatus (130)
comprises at least one hybrid magnet (542, 1399), wherein the a hybrid
magnet comprises: a ferromagnetic core (548), wherein the ferromagnetic
core has two slots (550) cut in is such that its cross section is E shaped,
wherein there is a middle section (552) between the two slots, wherein the
middle section has an outer surface (554) whose normal (556) points away
from the ferromagnetic core, a coil of wire (546) adapted for generating a
magnetic field (676) when a current is passed through the wire, wherein the
coil is located within the two slots and around the middle section, a
permanent magnet (544) which is placed on the outer surface, wherein the
magnetization is aligned with the normal of the outer surface. 2. The
magnetic bearing of claim 1, wherein the ferromagnetic material comprises
one of the following in order to reduce eddy currents during rotation of
the cylindrical rotor: a soft magnetic composite and Somaloy.3. The
magnetic bearing of claim 1 or 2, wherein the ferromagnetic material
comprises ferromagnetic laminations (338, 440, 1188, 1288) for reducing
eddy currents during rotation of the cylindrical rotor, and wherein the
laminations are stacked in a circular path about the axis of symmetry to
construct a cylindrical volume. 4. The magnetic bearing of claim 3, wherein
there is a plane (11 80) in which the axis of symmetry lies for each of the
laminations ( 1188), wherein each of the laminations has a first transverse
axis ( 1182), and wherein each of the laminations is arranged such that it
is rotated out of the plane about its first transverse axis by an first
angle ( 1184) between 0 and 60 degrees, preferably between 0.1 and 15
degrees. 5. The magnetic bearing of claim 3 or 4, wherein there is a plane
( 1180) in which the axis of symmetry lies for each of the laminations,
wherein each of the laminations has a first longitudinal axis (1290), and
wherein each of the laminations (1288) is arranged such that it is rotated
out of the plane about its first longitudinal axis by a second angle (1284)
between 0 and 60 degrees, preferably between 0.1 and 15 degrees. 6. The
magnetic bearing of claim 3, 4, or 5, wherein the lift actuator apparatus
(130) comprises at least one first hybrid magnet (542, 1399), wherein the
first hybrid magnet has a second longitudinal axis (1394) and a second
transverse axis (1396), wherein there is a first radius (1392) that
intersects the second longitudinal axis and the second transverse axis, 



and wherein the second transverse axis and the radius encloses a third
angle (1393) between 0 and 60 degrees with the radius, preferably between
0.1 and 15 degrees and/or wherein the wherein the lift radial apparatus
(132) comprises at least one second hybrid magnet (542, 1399), wherein the
longitudinal axis and a plane orthogonal to the axis of rotation enclose a
fourth angle between 0 and 60 degrees with the radius, preferably between
0.1 and 15 degrees. 7. The magnetic bearing of any one of claims 3 through
6, wherein the lift magnetic actuator apparatus and/or radial magnetic
actuator apparatus comprises at least one ferromagnetic core (548), wherein
the ferromagnetic core has two or more second surfaces whose normal forms
an acute angle with a tangent of a circular path about the axis ofrotation,
and wherein at least one edge of at least one second surface is rounded
(672) to reduce lamination noise. 8. The magnetic bearing of any one of the
preceding claims, wherein the magnetic bearing further comprises a radial
sensors system for measuring the distance of the inner radius with respect
to the rotational axis, wherein the magnetic bearing further comprises a
lift sensors system for measuring the distance between the top side and the
overhang, wherein the magnetic bearing further comprises a control system
adapted for receiving signals from the lift sensor system and for
controlling the lift magnetic actuator apparatus such that the a first
predetermined distance between the top side and the overhang is maintained,
and wherein the control system is further adapted for receiving signals
from the radial sensor system and for controlling the radial magnetic
actuator apparatus such that a second predetermined distance between the
inner radius and the axis of rotation is maintained. 9. A rotary stage
(1401), the rotary stage comprising: a magnetic bearing (108) according to
any one of the preceding claims, a drive system (1407) adapted for rotating
the magnetic bearing, a platter (1403) adapted for holding at least one
workpiece (1405), wherein the platter is supported by the cylindrical
rotor, an encoder (13 11) for determining the angular orientation of the
magnetic bearing. 10. The rotary stage of claim 9, wherein the lift
magnetic actuator apparatus (130) comprises at least one permanent magnet
(544) capable of supporting the cylindrical rotor and the platter against
the gravitational force. 11. A reflective electron beam lithography
apparatus comprising a rotary stage (1401) according to claim 9 or 10, and
wherein the workpiece is a substrate. 


