
- 1-             DATA STORAGE MEDIUM FOR STORING DATA AS         A
POLARIZATION OF A  DATA MAGNETIC FIELD AND 



METHOD AND APPARATUS USING SPIN-POLARIZED    ELECTRONS FOR STORING THE DATA
ONTO THE DATA STORAGE        MEDIUM AND READING THE STORED DATA THEREFROM
BACKGROUND OF THE INVENTION                   Field of the Invention
The present invention relates to data storage and retrieval.  More
particularly, the present invention relates to a data storage medium and a
method and apparatus for storing data onto the data storage medium and
reading the stored data therefrom.                Description of the
Related Art 



Over the years, there has been an increasing need for high speed mass data
storage devices.  With the conversion from analog systems  to digital
systems and the increasing speed of processing demonstrated by the Pentium,
PoserPC, Sparc, and other RISC processors, the ability to quickly access
large amounts of data is lagging behind demand.  This is especially true in
the scientific world for computer modeling and simulations, as well as in
the consumer world for high definition television (HDTV), HDTV video
records, compact disks, personal digital assistants (PDAs), personal
communication assistants  (PCAs), digital tape decks, and even such items
as automobiles. Furthermore, the merging worlds of computers, multimedia,
and communication will impact 



consumers through virtual reality, interactive television, voice
recognition systems. (vocally interactive), handwriting recognition
systems, and integrated communications with entertainment systems, each of
which will require high speed static mass data storage.         Applying
conventional lithographic techniques and incremental improvement processes
to current memory technologies has resulted in incremental progress. This
incremental progress will simply increase the disparity     



-2-   between the increasing speed of processors and their capability to
store and effectively utilize needed amounts of 



data.                   SUMMARY OF THE INVENTION         Accordingly, the
present invention is directed to a data. storage medium and a method and
apparatus for storing data onto the data storage medium and reading the
stored data therefrom that substantially obviate one or more of the
problems due to the limitations and disadvantages of the related art.
Features and advantages of the invention will be set forth in the
description which follows, and in part will be apparent from the
description, or may be learned by practice of the invention.  The
objectives and other advantages of the invention will be realized and
attained by the method and 



apparatus particularly pointed out in the written  description and claims
thereof as well as the appended drawings.         To achieve these and
other advantages and in accordance with the purpose of the invention, as
embodied and broadly described, in a first aspect  the invention provides
for a data storage medium comprising a substrate; a data storage layer
formed on the substrate, the data storage layer including a fixed number of
atomic layers of a magnetic material , the fixed number of atomic layers
providing the data storage layer with  a magnetic anisotropy perpendicular
to a surface of the data storage layer; and a data magnetic field created
in the data storage  layer, the data magnetic field being polarized either
in a first direction 



perpendicular to the surface of the data storage layer and corresponding to
a first data value or in a second direction opposite the first direction
and corresponding to  a second data value.
3 



In a second aspect,  the invention provides for a method of storing data as
a direction  of polarization of a data magnetic field of a data storage
layer exhibiting a magnetic anisotropy perpendicular to a surface of the
data storage layer, the method comprising the steps of providing a spin-
polarized electron having an electron magnetic field, the electron magnetic
field having a direction of polarization corresponding to one of first and
second data values; and directing the spin-polarized electron through an
electrically nonconductive environment at the data magnetic field to impart
the direction of polarization of  the electron magnetic field to the data
magnetic field.  



In a third aspect, the invention provides for a method of reading data
stored as a direction of polarization of a data magnetic field of a data
storage layer exhibiting a magnetic anisotropy perpendicular to a surface
of the data storage layer, the method comprising the steps of providing a



4  spin-polarized electron having an electron magnetic field, the electron
magnetic field having a direction of polarization corresponding to one of
first and second data values; directing the spin-polarized electron at the
data magnetic field; detecting, as the first data value, a deflection of
the spin-polarized electron by the data magnetic field when the direction
of polarization of the data magnetic field is opposite the direction of
polarization of the electron magnetic field; and detecting, as the second
data value, an attraction of the spin-polarized electron by the data
magnetic field when the direction of polarization of the data magnetic
field is the same as the direction of polarization of the electron magnetic
field.  



In a fourth aspect, the invention provides for a method of reading data
stored as a direction of polarization of a data magnetic field exhibiting a
magnetic anisotropy perpendicular to a surface created in a magnetic medium
comprising the steps of providing a spin-polarized electron having an
electron magnetic field, the electron magnetic field having a direction of
polarization corresponding to one of first and second data values;
directing the spin-polarized electron at the data magnetic field so that
the magnetic medium produces a secondary electron, the secondary electron
having a first characteristic corresponding to the first data value when
the direction of polarization of the data magnetic field is opposite the
direction of polarization of the electron magnetic field and the secondary
electron having a second characteristic corresponding to the second data
value 



when the direction of polarization of the data magnetic field is the same
as the direction of polarization of the electron magnetic field; and
detecting the first or second characteristic of the secondary electron.
In a fifth aspect, the invention provides for an apparatus for storing data
as a direction of polarization of a data magnetic field exhibiting a
magnetic       



5  anisotropy perpendicular to a surface comprising an electron source for
providing a spin-polarized electron having an electron magnetic field, the
electron magnetic field having a direction of polarization corresponding to
one of first and second data, values; and an electron deflector for
directing the  spin-polarized  electron  through  an  electrically
nonconductive environment at the data magnetic  field to impart the
direction of polarization of the electron magnetic field to the data
magnetic field.   



In a sixth aspect, the invention provides for an apparatus for reading data
stored as a direction of polarization of a data magnetic field exhibiting a
magnetic anisotropy perpendicular to a surface comprising an electron
source for providing a  spin-polarized electron having an electron magnetic
field, the electron magnetic field having a direction of polarization
corresponding to one of first and second data values; an electron deflector
for directing  the spin-polarized  electron at the data magnetic field; and
an electron detector for detecting, as the first data value, a deflection
of the spin-polarized electron by the data magnetic field when the
direction of polarization of the data magnetic field is opposite the
direction of polarization of the electron magnetic field and detecting, as
the second data value, an attraction of the spin-polarized electron by the
data magnetic field when the direction of polarization of the data magnetic
field 



is the same as the direction of polarization -of the electron magnetic
field.   In a seventh aspect, the invention provides for an apparatus for
reading data stored as a direction of polarization of a data magnetic-field
created in a magnetic medium, exhibiting a magnetic anisotropy
perpendicular to a surface of the magnetic       



6   medium comprising an electron source for providing a spin- polarized
electron having an electron magnetic field, the electron magnetic field
having a direction of polarization corresponding to one of first and second
data values; an electron deflector for directing the spin-polarized
electron at the data magnetic field so that the magnetic medium 



produces a secondary electron, the secondary electron having a first
characteristic corresponding to the first data value when the direction of
polarization of the data magnetic field is opposite the direction of
polarization of the electron magnetic field and the secondary electron
having a second characteristic corresponding to the second data value when
the direction of polarization of the data magnetic field is the same as the
direction of polarization of the electron magnetic field; and an electron
detector for detecting the first or second characteristic of the secondary
electron         It is to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory and are intended to provide 



further explanation of the invention as claimed.               BRIEF
DESCRIPTION OF THE DRAWINGS         The accompanying drawings, which are
included to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification, illustrate a
presently preferred embodiment of the invention and, together with the
description, serve to explain the principles of the invention.  In the
drawings:         Fig. 1 is a cross-sectional view of an exemplary data
storage and retrieval device of the present invention;         Fig. 2 is
plan view of a stigmator element for use in the data storage and retrieval
device of Fig. 1;         Figs. 3(a) and 3(b) are partial cross-sectional
views 



of the data storage medium of Fig. 1;         Fig. 4(a) is a plan view of
the data storage medium of Fig. 1;           



7           Fig. 4(b) is a partial cross-sectional view of the data storage
medium of Fig. 1 showing parking and alignment areas;         Figs. 5 (a)-5
(b) are partial cross-sectional views of the data storage medium of Fig. 1
during a data store operation;         Figs. 6(a)-6(b) are partial
cross-sectional views of the data storage medium of Fig.. 1 during a first
data read operation;         Figs. 7(a)-7(b) are partial cross-sectional
views of 



the data storage medium of Fig. 1 during a second data read operation;.
Fig. 8 is a partial cross-sectional view of the data storage and retrieval
device of Fig. 1 during an alignment operation; and          Fig. 9 is a
partial cross-sectional view of the data storage and retrieval device of
Fig. 1 during a blanking/ parking operation.             DESCRIPTION OF
THE PREFERRED EMBODIMENT          Reference will now be made in detail to
the present preferred embodiment of the invention, an example of which is
illustrated in the accompanying drawings.          Fig. 1 illustrates an
exemplary embodiment of a data 



storage and retrieval device of the present invention.  As  shown in.Fig.
1, the data storage and retrieval device  comprises a control unit 1, a
spin-polarized electron source  2a, a tip 2b, an extractor 4, collimators
6, 7 and 9,  electrostatic lenses 10, 11 and 12, and insulating elements 5
and 8.  As also shown in Fig. 1, the data storage and  retrieval device
further comprises a blanking element 13,  coarse and fine microdeflectors
14 and 15, respectively, an  electron detector 16, a data storage layer 17,
and a  substrate 18.          The control unit 1, which comprises, for
example, a  microprocessor or other control circuitry known in the art,
coordinates and sequences the various functions and 



8  



operations performed by the data storage and retrieval device, as will be
explained in more detail below. The control unit 1 further serves to
interface the data storage and retrieval device with an external device
(not shown), such as a computer or even another data storage and retrieval
device, via DATA IN, DATA OUT, CONTROL IN, and CONTROL OUT terminals. By
this interfacing, control signals and data from the external device can be
transmitted to and decoded by the control unit 1 using necessary protocols.
The control unit 1 can develop control responses and data and return the
data to the external device using the necessary protocols. It is
contemplated that the control unit 1 can be interfaced 



with the external device via, for example, electrical or optical links. For
instance, optical transmission into and out from the control unit 1 can be
accomplished using electrically pumped laser diodes.         The spin
polarized electron source 2a and the tip 2b together provide spin-polarized
electrons 3. In particular, the spin-polarized electrons 3 are developed by
the spin polarized electron source 2a and are collected in the tip 2b. The
spin-polarized electron source 2a can comprise any source for providing
spin-polarized electrons known in the art. The tip 2b can comprise, for
example, the tip of a scanning electron microscope or other similar device.
Preferably, the tip 2b has a small diameter, such as the diameter of a
single 



atom         Each of the spin-polarized electrons 3 has an electron
magnetic field with a. direction of polarization determined by
the.electron's.spin. The direction of polarization of the electron magnetic
field corresponds to one of first and second data values. For example, an
upwardly polarized electron magnetic field can correspond to a data value
of "1" while a downwardly polarized electron magnetic field can correspond
to a data value of "0", or vice versa.    



9          A potential  V[err]  is applied to the spin-polarized electron
source 2a by the control unit 1.  The strength of the potential V[err] can
be varied by the control unit 1 to control the intensity and current of the
spin-polarized electrons 3.  A signal S[err] is also applied to the spin- 



polarized electron source 2a  by the control unit 1.  Signal S[err]
controls the direction of polarization of the magnetic fields of the
spin-polarized electrons 3.  Preferably, the control unit 1 can vary the
potential V[err] and signal S[err] during operation of the device to
compensate for physical changes in the device and  its environment over
time.         The extractor 4, collimators 6, 7 and 9, electrostatic lenses
10-12,. the blanking element 13, and the coarse and fine microdeflectors 14
and 15, respectively, each constitutes, for example, an electrically
conductive annular member  defining an aperture.  The extractor 4 extracts
the spin-polarized electrons 3 from  the tip 2b and collimators 6, 7 and 9
collimate the spin-polarized electrons 3 into a spin- 



polarized electron beam 19. The electrostatic lenses 10-12 focus the
spin-polarized electron beam 19 and the coarse and fine microdeflectors 14
and 15, respectively, direct the spin-polarized electron beam 19 toward the
data storage layer           The environment through which the
spin-polarized electron beam 19 travels is preferably an electrically
nonconductive and nonionizing environment such as a vacuum. It is
contemplated, however, that the environment through which the
spin-polarized electron beam 19 travels can be any number of other
environments known in the art which would not degrade, but may enhance,
passage of the spin-polarized 



electron beam 19 from the electron source 2 to the data storage medium 17.
As shown in Fig. 1, the tip 2b is positioned so as to be perpendicular to
the plane of the surface of the extractor 4, at the center of the extractor
4 aperture, and juxtaposed at or near the extractor 4 surface. Preferably,
the        



10   apertures of extractor 4 and collimator 6 are in the order of 1
millimeter in diameter. However, larger or smaller diameters could also be
used depending on the particular design of the data storage and retrieval
device and the desired characteristics of the spin-polarized electron beam
19.         Insulating element 5, which comprises, for example, Si, or the
like, is positioned between the extractor 4 and collimator 6 to separate
their conductive surfaces. 



Preferably, the diameter of the aperture of insulating element 5 is
slightly greater than the diameters of the apertures of extractor 4 and
collimator 6 to reduce interaction of the insulating element 5 with
magnetic fields produced in and electrons passing through the apertures of
extractor 4 and collimator 6.         Potentials V[err] and V[err] are
applied by the control unit 1 to the extractor 4 and collimator 6,
respectively, to create a magnetic field in the aperture of each. The
position of the tip 2b relative to the electrostatic fields produced in the
apertures of extractor 4 and collimator 6 induce the spin-polarized
electrons 3 to jump from the tip 2b and pass through the apertures of
extractor 4 and collimator 



6.         Collimators 7 and 9 and insulating element 8, which can be
similar or identical to extractor 4, collimator 6, and insulating element
5, respectively, constitute an optional lens stage to assist in collimating
of the spin-polarized electrons 3 into the spin-polarized electron beam 19.
Collimators 7 and 9 and insulating element 8 can also be used to accelerate
or decelerate the spin-polarized electrons 3 to obtain  a desired beam
energy.         The potentials V2-V  can be adjusted by the control unit 1
to obtain desired characteristics of the spin- polarized electrons 3 and
the spin-polarized electron beam 19.  Control of the potentials
V[err]-V[err] can be performed during 





operation of the device to compensate for physical changes in the device
and its environment over time.         After passing through collimator 9,
the spin- polarized electron beam 19 passes through electrostatic lenses
10-12.  Potentials V[err] -V[err]  are applied to the electrostatic lenses
10-12, respectively, by the control unit 1 to create electrostatic fields
through the lens apertures. These electrostatic fields focus the
spin-polarized electron beam 19 with a desired diameter, e.g.,. 1-10
nanometers.  The apertures of the electrostatic lenses 10-12 are preferably
on the order of 1 millimeter in diameter but can be varied depending on the
particular design of the data storage and retrieval device and the desired 



characteristics, e.g., intensity, beam shape, etc., of the spin-polarized
electron beam 19.  Furthermore, the thicknesses of the electrostatic lenses
10-12, their relative positions, and the potentials V[err]-V[err] can be
varied to obtain desired characteristics of the spin-polarized electron
beam 19. Again, the potentials V[err] -V[err]  can be varied by the control
unit I during operation of the device to compensate for physical changes in
the device and- its environment over time.  Further, the electrostatic
lenses 10-12 can be replaced with fewer or more of such lenses.  Also,
magnetic lenses can be used in place of, or in addition to, the
electrostatic lenses 10-12.         After passing through electrostatic
lens 12, the 



spin-polarized electron.beam 19 passes through the blanking element 13. As
will be explained in more detail below, the blanking element 13 is an
optional element which disables the effects of the spin-polarized electron
beam 19. The preferred location of the blanking element 13 is above the
coarse microdeflector 14, as shown in Fig. 1, to allow the spin-polarized
electron beam 19 to achieve a steady state.         After passing through
the blanking element 13, the spin-polarized electron beam 19 passes through
the coarse microdeflector 14 and then the fine microdeflector 15.    



12    Preferably, the coarse microdeflector 14 comprises eight poles
individually controlled by signals S[err]-S[err] supplied by the control
unit 1.  Similarly, the fine microdeflector 14 



also preferably comprises eight poles individually controlled by signals
S[err] -S[err] also supplied by the control unit 1.  The coarse and fine
microdeflectors 14 and 15, respectively, direct the spin-polarized electron
beam 19 toward the data storage layer 17.  While the coarse microdeflector
14 bends the trajectory of the spin-polarized electron beam 19 toward a
general area on the data storage layer 17, the fine microdeflector 15
further adjusts the trajectory of the spin- polarized electron beam 19 to
direct the spin-polarized electron beam 19 at a specific area of the data
storage layer 17.  By gradually bending the spin-polarized electron beam 19
in this manner, distortions and aberrations introduced into the
spin-polarized electron beam 19 can be reduced. It is 



contemplated that the fine microdeflector 15 can enable positioning of the
spin-polarized electron beam 19 to the atomic level on data storage layer
17. Although the coarse and fine microdeflectors 14 and 15, respectively,
have been described to comprise eight poles  each, it is contemplated that
the coarse and fine microdeflectors 14 and 15, respectively, can have other
configurations known in the art Further, the relative positions of the
coarse and fine microdeflectors 14 and 15, respectively,  and the data
storage layer 17 can be determined as a function of X-Y axis scanning range
of the spin-polarized electron beam 19.         Although not shown in Fig.
1, the data storage and retrieval device can further comprise a stigmator
element 



such that shown in Fig. 2. Preferably, the stigmator element is positioned
either between the electrostatic lens 12 and the blanking element 13 or
between the blanking element 13 and the coarse microdeflector 14. As shown
in Fig  2, the stigmator element comprises, for example, eight poles 25
individually biased with potentials V[err]-V[er].  It is contemplated that
the stigmator element 25 can have other       



13    configurations known in the art. The individual potentials
V[err]-V[err]  are applied to the stigmator poles 25 by the control unit 1
and are set during operation of the device to develop a field that results
in a desired shape of the spin-polarized electron beam 19 and to-compensate
for physical changes in the data storage and retrieval device and its
environment 



over time. Although the stigmator element is generally used to provide the
spin-polarized electron beam 19 with a round cross-sectional shape, the
stigmator element can also be used to provide the spin-polarized electron
beam 19 with a cross- sectional shape other than round, e.g. oval.
The electron detector 16 comprises an electrically conductive material,
such as a metal, and is configured, for example, as shown in Fig. 1., to
optimize the detection of electrons deflected from or secondary electrons
emitted by the data storage layer 17. Preferably, the electron detector 16
is positioned so as not to interfere with the path of the spin-polarized
electron beam 19 but close enough to the data storage layer 17 to detect
the deflected or 



emitted electrons.  Electrons striking the electron detector 16 produce a
signal in the electron detector 16 which is supplied to the control unit 1
as signal S[err]         The data storage layer 17 and the substrate 18
together constitute a data storage medium. Preferably, the data storage
layer 17 is deposited on the substrate 18 via, for example, sputtering or
other technique known in the art. The substrate 18 comprises a non-magnetic
and non- electrically conductive material, such as a glass or ceramic, and
serves as a mechanical support for the data storage layer 17.          The
data storage layer 17 comprises a fixed number of atomic layers of a
magnetic material, wherein the fixed 



number of atomic layers provides the data storage layer 17 with a magnetic
anisotropy perpendicular to its surface, i.e., along its easy axis. For
example, in the case where the data storage layer 17 comprises. Fe, three
atomic layers          



14   of Fe arranged in a body centered tetragonal (bct) lattice provide the
data storage layer with a strong Z-axis magnetism.  Fe begins to shift,
however, to a  face centered cubic (fcc) lattice at numbers of atomic
layers greater than three, which causes the magnetic anisotropy of the Fe
atoms to shift to the X-Y plane.  Similar results can also be. achieved by
combining Fe with certain dopants or alloying elements, such as Co or Ni
The magnetic component of the data storage layer 17 



is caused by the spin of the component metal  d subshell electrons in the
material from which the data storage layer 17 is made.  Thus, any
multiple-electron metal with higher binding energies of f or s subshell
electrons than that for the d subshell and which can be made to exhibit a
bct structure in few atomic layers can be  used as the data storage layer
17.  Candidate metals for the data storage layer 17 can be from the three
periodic table transition series.  For example, candidate metals from the
3d series can include Co and Ni.  Similarly, candidate metals from the 4d
and 5d series can include Ir and Mo, respectively.  In these metals,
electrons fill the next outer f subshell or s subshells of the next outer
shell before the d subshell of 



the inner shell is filled  . For the 3d series, the s electrons determine
chemical properties of the atom while the d electrons determine magnetic
properties of the atom  In general, the electrons in the d subshell remain
unpaired whenever possible.  The first five electrons in the subshell have
parallel spins each of which add to the magnetic moment of the atom.
Successor electrons must be antiparallel as can be noted by analysis of the
fourth quantum number. These antiparallel electrons pair up with the first
electrons and cancel their magnetic moments.         Because of the
perpendicular magnetic anisotropy of the data storage layer 17, each
lattice of atoms in the data storage layer 17 creates a data magnetic field
having a 



polarization that extends along its easy axis, i.e.,
15   



perpendicular to the surface of the data storage layer 17. These data
magnetic fields are representatively shown in Fig 3(a) as data magnetic
fields 23.  Like the magnetic fields produced by the spin polarized
electrons 3, each data magnetic field created in the data storage layer 17
has a direction of polarization corresponding to one of first and second
data values. For instance, an upwardly polarized data magnetic field can
correspond to the data value of "1" while a downwardly polarized data
magnetic field can correspond to the data value of "0", or vice versa. With
this arrangement, portions of the data storage layer 17 store data in one
of two states, i.e., first and second directions of magnetic 



polarity.  It is contemplated that these portions of the data storage layer
17 can be as small as one atom wide.         As shown in Figs. 4(a) and
4(b), the data storage  layer 4 includes a plurality of alignment areas 22
and a  parking area 21. Each of the alignment areas 22 and the  parking
area 21 comprises an electrically conductive material  27 electrically
insulated from the data storage layer 17 by  an insulator 28.  The
alignment areas 22 and parking area 21  are used for performing alignment,
parking, and blanking  operations, which will be described in more detail
below.  Potential V[err] of the parking area 21 and potential V[err] of the
alignment areas 22 are detected by the control unit 1, as  shown in Fig. 1.



Preferably, the data storage layer 17 has a three  dimensional curved
surface, as shown in Fig. 1, to allow all  points on the data storage layer
17 to be approximately  equidistant from the center of the fine
microdeflector 15  aperture, thereby reducing electron travel time and
providing  a uniform beam depth of focus across the surface of the data
storage layer 17. It is contemplated that the data storage  medium can have
any number of surface shapes including a  planar surface.          The
storing of data in the data storage and  retrieval  device of Fig. 1 is
accomplished as follows. First, the   



16   spin-polarized electron source 2a and tip 2b provide the
spin-polarized electrons 3 with a direction of polarization corresponding
to one of a first and second data value.  Next, 



the extractor 4 extracts the spin-polarized electrons 3 from the tip 2b,
the collimators 6, 7  and 9 collimate the spin- polarized electrons 3 into
the spin-polarized electron beam 19, and the electrostatic lenses 10-12
focus the spin - polarized electron beam 19.  A shown in Fig. 5(a), the
spin- polarized electron beam 19 is directed by the microdeflectors 14 and
15 at a data magnetic field created in the data storage layer 17 at which
data is to be stored.  As shown in Fig. 5(b), upon striking the data
magnetic field with sufficient energy, the spin-polarized electron beam 19
impinges the surface of the data storage layer 17 causing a cascading field
reversal effect along the easy axis of magnetization producing the data
magnetic field. As a 



result, the direction of polarization of the electrons in the
spin-polarized electron beam 19 are imparted to the data magnetic field.
To achieve, the desired cascading field reversal effect, both the energy
level of the spin-polarized electron beam 19 and the wavelength of the
electrons in the spin- polarized electron beam 19 should be set in
accordance with the material used for the data storage layer 17. In
particular, the energy of the spin-polarized electron beam 19 should be
approximately equal to the kinetic energy of the electrons in the d
subshell of the atoms of the material used for the data storage layer 17
and the wavelength of the electrons in the spin-polarized electron beam 19
should be 



the de Broglie wavelength of the electrons in the d subshell of the atoms
of the material used for the data storage layer 17.          As explained
above, it is contemplated that portions  of the data storage layer 17 as
small as one atom wide can  represent a single data value. However, it is
also  contemplated that portions of the data storage layer 17       



17    several atoms wide may also represent a single data value, as shown
in Fig. 3 (b). If the atoms in the data storage layer 17 are grouped as
such, the diameter of the spin-polarized electron beam electron beam 19
should be made large enough to accommodate the larger data storage areas.
The reading of data from the data storage layer 17 



can be accomplished using one of two techniques. In the first. data reading
technique, the spin-polarized electron source 2a and tip 2b provide the
spin-polarized electrons 3 with a direction of polarization corresponding
to one of a first and second data value. Next, the extractor 4 extracts the
spin-polarized electrons 3 from the tip 2b, the collimators 6, 7 and 9
collimate the spin-polarized electrons 3 into the spin-polarized electron
beam 19, and the electrostatic lenses 10-12 focus the spin-polarized
electron beam 19. The spin-polarized electron beam 19 is then directed by
the microdeflectors 14 and 15 at a portion of the data storage layer 17
from which data is to be read.         As shown in Fig. 6(a), if the
direction of 



polarization of the data magnetic field of the portion to be read is the
same as the direction of polarization of the electrons in the
spin-polarized electron beam 19, the electrons in the spin-polarized
electron beam 19 are attracted by the data magnetic field and absorbed by
the data storage layer 17. Absorption of the electrons by the data storage
layer 17 results in the generation of a signal S[err].         As shown in
Fig. 6(b), if the direction of polarization of the data magnetic field is
opposite the direction of polarization of the electrons in the spin-
polarized electron beam 19, the electrons in the spin- polarized electron
beam 19 are deflected by the data magnetic field and impinge upon the
electron detector 16.  As 



previously explained, impingement of the electrons upon the electron
detector 16 results in the generation of the signal S[err]           



18           Attraction of the electrons in the spin-polarized electron
beam 19 by the data  magnetic field is detected by the control unit 1 as a
first data value, e.g. , a data value of "0", while deflection of the
electrons in the spin- polarized electron beam 19 by the data magnetic
field is detected by the control unit 1 as a second data value, e.g , a
data value of "1". Specifically, the control unit 1 detects and interprets
the signal S[err], the signal S[err]    or both the signal S[err]  and the
signal S[err]   at a fixed time relative to the generation of the
spin-polarized electrons 3 



and, therefore, at a fixed time relative to the impact of the
spin-polarized electron beam 19 with the data storage layer 17.  If the
signal S[err]   is not detected and/or the voltage V[err] is detected by
the control unit 1 a specified time after the generation of the
spin-polarized electrons 3, the control unit 1 determines that the
electrons in the spin- polarized electron beam 19 have been attracted by
the data magnetic field and absorbed by the data storage layer 17.  On the
other hand, if the signal S[err] is detected and/or the signal S[err] is
not detected by the control unit 1 a specified time after the generation of
the spin-polarized electrons 3, the control unit 1 determines that the
electrons in the spin- polarized electron beam 19 have been deflected by
the data 



magnetic field and detected by the electron detector 16. Preferably, excess
electrons in the data storage layer 17 are drained, for example, at the
electrode producing signal S[err] while excess electrons in  the electron
detector 16 are drained, for example, at the electrode producing the signal
S[err].          As was the case when storing data, when reading data  from
the data storage layer 17 using the first technique, the  energy level of
the spin-polarized electron beam 19 should be  set in accordance with the
material used for the data storage  layer 17  However, when reading data
using the first  technique, the energy level of the spin-polarized electron
beam 19 should be low enough so as not to cause a magnetic 



19   



change to the data magnetic fields created in the data storage layer 17.
In the second data reading technique, the spin- polarized electron source
2a and tip 2b provide the spin- polarized electrons 3 with a direction of
polarization corresponding to one of a first and second data value. Next,
the extractor 4 extracts the spin-polarized electrons 3 from the tip 2b,
the collimators 6, 7 and 9 collimate the spin- polarized electrons 3 into
the spin-polarized electron beam 19, and the electrostatic lenses 10-12
focus the spin- polarized electron beam 19. The spin-polarized electron
beam 19 is then directed by the microdeflectors 14 and 15 at a portion of
the data storage layer 17 from which data is to be 



read.         In this second technique, the energy of the spin- polarized
electron beam 19 is at a value higher than that for a data store operation
and high enough such that the spin- polarized electron beam 19 penetrates
into the portion of the data storage layer 17 causing that portion of the
data storage layer 17 to produce secondary electrons. Preferably, the
energy of the spin-polarized electron beam 19 should not be so high as to
cause thermal migration of the atoms in the lattices of the data storage 17
The secondary electrons produced by the data storage layer 17 have specific
energy and spin which are characteristic of the relationship between the
direction of 



polarization of the data magnetic field generated by the portion of the
data storage layer 17 and the direction of polarization of the electrons in
the spin-polarized electron beam 19. These secondary electron
characteristics are detected as one of the first and second data values.
For example,  as shown in Fig. 7(a), if the direction of polarization of
the data magnetic field is the same as the direction of polarization of the
electrons in the spin- polarized electron beam 19, the data storage layer
17 produces secondary electrons 24 having a first energy and    



20  first spin characteristics corresponding to the first data value,
e.g.,.a data value of "1".  Similarly, as shown in Fig. 7(b),. if the
direction of polarization of the data magnetic field is opposite the
direction of polarization of the electrons in the spin-polarized electron
beam 19, the 



data storage layer 17 produces secondary electrons 26 having a second
energy and second spin characteristics corresponding to the second data
value, e.g., a data value of  "O" .   The secondary electrons produced by
the data storage layer 17 are detected by the  electron detector 16 to
produce signal S[err] which indicates the secondary electron
characteristics. The control unit 1, upon receiving the signal S[err]
interprets the secondary electron characteristics.         Although this
second technique has been described as detecting the energy and spin
characteristics of the secondary electrons produced by the data storage
layer 17, it is contemplated that other characteristics of the secondary
electrons known in the art can be detected to read data 



stored on the data storage layer 17.  Further, although most of the
secondary electrons produced by the data storage layer 17 are emitted by
the data storage layer 17, as shown in Figs. 7(a) and 7(b), some of the
secondary electrons remain within the data storage layer 17 to produce
signal S[err] Thus, it is contemplated that the characteristics of the
secondary electrons produced by the data storage layer 17 can also be
detected and interpreted by the control unit 1 via signal S[err].
As shown in Fig. 8, alignment of the spin-polarized electron beam 19 is
performed by directing the beam at one or more of the alignment areas 22.
When the potential V[err] is detected by the control unit 1, the addressed
and targeted 



alignment areas match.  If the potential V[err] is not detected, signals
S[err]-S[err] to the microdeflectors 14 and 15 can be adjusted by the
control unit 1 to compensate for any misalignment. Preferably, alignment of
the spin-polarized                                     21 



electron beam 19 occurs periodically during operation of the device.
As described above, the blanking element 13, under control of the control
unit 1, prevents the spin-polarized electron beam 19 from impinging on the
data storage layer 17 The blanking element 13 comprises, for example, two
poles controlled with signal S[err].  It is contemplated that blanking
element 13 can have other configurations known in the art and that the
poles can be individually controlled.  The control unit 1 applies the
signal S[err]  to the blanking element 13 at a 



specific time and for a specific duration to blank  the spin- polarized
electron beam 19 while it is being moved by the microdeflectors 14 and 15
to target a different  portion of the data storage layer 17.  The blanking
element 13 can also be used to blank the spin-polarized electron beam 19
during a data read operation when the control unit 1 is detecting whether
or not electrons are being deflected or emitted by the data storage layer
17.  The poles of the blanking element 13 act to  diffuse the
spin-polarized electron beam 19 so the electrons in the beam do not impinge
on the surface of the data storage layer 17.         It is contemplated
that the microdeflectors 14 and 15 can alternatively be used to perform
blanking of the spin- 



polarized electron beam 19 during data read operations . For example, the
control unit 1 can supply the microdeflectors 14 and 15 with signals
S[err]-S[err] to cause the spin-polarized electron beam 19 to be directed
at a particular  area on the data storage layer 17 that is not used for
data storage, e g.,  parking area 21, as shown in Fig. 9.  Impingement of
the spin-polarized electron beam 19 on the parking area 21 is detected as
the potential V[err] by the control unit 1.           Imperfections may
exist in the data storage layer 17 as a result of fabrication, degradation,
or other causes which render one or more flawed areas of the data storage
layer 17 unusable for data storage. Accordingly, a format operation is
provided to prevent the reading of data from and 



22    



the storing of data to those flawed areas.  For example, during the format
operation, the control unit 1 cycles each data magnetic field created in
the data storage layer  17 between up and down polarities at least once and
verifies each result.  This format operation can be performed, for example,
by successively using the data read and data store operations described
above.  Control unit 1 determines whether certain portions of the data
storage layer 17, from which written data cannot be reliably read, are
unusable. Upon completion of the format operation, the locations of the
unusable portions of the data storage layer  17 are stored in a memory
which is maintained, for example, by the control unit 1 for use in
determining where data can be stored during 



subsequent data storage operations.          It is contemplated that the
format operation can  detect and store locations of unusable portions of
the data  storage layer 17 during operation of the data storage and
retrieval device. For example, after each store operation  into a portion
of the data storage layer 17, control unit 1  could then read from the
portion, to verify that the portion  is currently non-defective.
The control unit 1 can also use the memory to store  locations of portions
of the data storage layer 17 that are  used for storing and protecting data
which are read often but  stored infrequently. Examples of this type of
data stored in  current storage mediums are configuration data and driver 



software stored in ROM.  This type of data is stored in  portions of the
data storage layer 17 which are designated  protected in the memory.  As an
additional precaution to  preventing unintentional changes to protected
data, certain  portions of the data storage layer 17 can comprise an
alternate material for data storage layer 17. This alternate  material
would require a different spin-polarized electron  beam intensity for
storing data than that required by  unprotected data locations. Thus, both
access to the control  unit 1 memory and modification of the spin-polarized
electron    



23    beam intensity would be required to change polarities of such
protected data.         Finally, potentials V[err] -V[err]  and V[err] -
V[err] and signals S[err] 



S[err], S[err]-S[err], and S[err] preferably have adjustable bias
components.. These bias components are used to compensate for position
misalignment, beam deformation, and correctable effects to the
spin-polarized electron beam 19 caused by other elements.  The bias
component of an element modifies the effect of that element on the
spin-polarized electron beam 19 by changing the intensity of the field
within the aperture of the element.  Preferably, bias adjustments are
performed by the control unit 1 during operation of the device.  They occur
in a specific order when the read and write functions are unable to
determine or modify the polarity of a data magnetic field created in the
data storage layer 17.  The amount of bias compensation for each element 



is determined by adjustments needed to re-focus the intensity, wavelength,
and cross-section of the spin- polarized electron beam 19 on  the data
storage layer 17 so that a known data magnetic field can be modified and
read.          It should be apparent to those skilled in the art  that
various modifications and variations can be made to the  present invention
without departing from the spirit or scope  of the invention.  Thus, it is
intended that the present  invention cover the modifications and variations
of this  invention provided they come within the scope of the appended
claims and their equivalents.   



CLAIMS   1.   A data storage medium, comprising:       a substrate; 



a data storage layer formed on  the substrate, the data storage layer
including a fixed number of atomic layers of a magnetic material, the fixed
number of atomic layers providing the data storage layer with a magnetic
anisotropy perpendicular to  a surface of the data storage layer; and
a  data magnetic field created in the data storage layer, the data magnetic
field being polarized either in a first direction perpendicular to the
surface of the data storage layer and corresponding to a first data value
or in a second direction opposite the first direction and corresponding to
a second data value.   2.   A method of storing data as a direction of
polarization of a data 



magnetic field of a data storage layer exhibiting a magnetic anisotropy
perpendicular to a surface of the data storage layer, the method comprising
the steps of:       providing a spin-polarized electron having an electron
magnetic field, the electron magnetic field having a direction of
polarization corresponding to  one of first and second data values; and
directing the spin-polarized electron, through an electrically
nonconductive environment, at the data magnetic field to impart the
direction of polarization of the electron magnetic field to the data
magnetic field.    



25  3.   A method of reading data stored as a direction of polarization of
a data magnetic field of a data storage layer exhibiting a magnetic
anisotropy perpendicular to a surface of the data storage layer, the method
comprising  the steps of:       providing a spin-polarized electron having
an electron magnetic field, the electron magnetic field having a direction
of polarization 



corresponding to one of first and second data values;       directing the
spin-polarized electron at the data magnetic field;       detecting, as the
first data value, a deflection of the spin-polarized electron by the data
magnetic field when the direction of polarization of the data magnetic
field is opposite the direction of polarization of the electron magnetic
field; and       detecting, as the second data value, an attraction of the
spin- polarized electron by the data magnetic field when the direction of
polarization of the data magnetic field is the same as the direction of
polarization of the electron magnetic field.    



26  4.    A method of reading data stored as a direction of polarization of
a data magnetic field exhibiting a magnetic anisotropy perpendicular to a
surface  created in a magnetic medium, the  method comprising the steps of:
providing a spin-polarized electron having an electron magnetic 



field, the electron magnetic field having a direction of  polarization
corresponding to one of first and second data values;       directing the
spin-polarized electron at the data magnetic field so that the magnetic
medium produces a secondary electron, the secondary electron having a first
characteristic corresponding to the first data value when the direction of
polarization of the data magnetic field is opposite the direction of
polarization of the electron magnetic field and the secondary electron
having a second characteristic corresponding to the second data value when
the direction of polarization of the data magnetic field is the same as the
direction of polarization of the electron magnetic field; and
detecting the first or second characteristic of the secondary electron.  



5.   An apparatus for storing data as a direction of polarization of a data
magnetic field exhibiting a magnetic anisotropy perpendicular to a surface,
comprising:       an electron source for providing a spin-polarized
electron having an electron magnetic field, the electron magnetic field
having a direction of polarization corresponding to one of first and second
data values; and       an electron deflector for directing the
spin-polarized electron through an electrically nonconductive environment
at the data magnetic field to impart the direction of polarization of the
electron magnetic field to the data magnetic field.   



27  6.    An apparatus for reading data stored as a direction of
polarization of a  data magnetic field exhibiting a magnetic anisotropy
perpendicular to a surface, comprising:        an electron source for
providing a spin-polarized electron having an electron magnetic field, the
electron magnetic field having a direction of polarization corresponding to
one of first and second data values; 



an electron deflector for directing the spin-polarized electron at the data
magnetic field; and       an electron detector for detecting, as  the first
data value, a deflection of the spin-polarized electron by the data
magnetic field when the direction of polarization of the data magnetic
field is opposite the direction of polarization of the electron magnetic
field and detecting, as the second data value, an attraction of the
spin-polarized electron by the data magnetic field when the direction of
polarization of the data magnetic field is the same as the direction of
polarization of the electron magnetic field   7.    An apparatus for
reading data stored as a direction of polarization 



of a data magnetic field created in a magnetic medium, exhibiting a
magnetic anisotropy perpendicular to  a surface of the magnetic medium,
comprising:       an electron source for providing a spin-polarized
electron having an electron magnetic field, the electron magnetic field
having a direction of polarization corresponding to one of first and second
data values;        



28             an electron deflector for directing the spin- polarized
electron at the data magnetic field so that the magnetic medium produces a
secondary electron, the secondary electron having a first characteristic
corresponding to the first data value when the direction of polarization of
the data magnetic field is opposite the direction of polarization 



of the electron magnetic field and the secondary electron having a second
characteristic corresponding to the second data value when the direction of
polarization of the data magnetic field is the same as the direction of
polarization of the electron magnetic field; and         an electron
detector for detecting the first or second characteristic of the secondary
electron.         8.  The data storage device of claim 1, wherein the
substrate comprises  a non-magnetic and electrically nonconductive
material.         9.  The data storage device of claim 1, wherein the
non-magnetic and electrically nonconductive material includes at least one
of a glass, a ceramic, and a crystal structure. 



10. The data storage device of claim 1, wherein the data storage layer
comprises Fe arranged in a body centered tetragonal lattice having an
average thickness of three atomic layers.         11. The data storage
device of claim 1, wherein the data storage layer comprises at least one
metal from the three periodic table transition series.         12. The data
storage device of claim 11, wherein the metal includes at least one of Co,
Ni, Ir, and Mo.         13. The data storage device of claim 1, wherein the
data storage layer further includes an alignment area.         14. The data
storage device of claim 13, wherein the alignment area comprises an
electrically conductive material 



electrically insulated from the data storage layer.          15.  The data
storage device of claim 1, wherein the data storage layer has at least one
of a three dimensional curved surface and a planar surface.          



29           16   The method of claim 2, wherein the step of providing the
spin-polarized electron includes the step of extracting the spin-polarized
electron from a spin-polarized electron source.         17.  The method of
claim 2, wherein the step of providing the spin-polarized electron includes
the step of providing a plurality of spin-polarized electrons, and wherein
the step of directing the spin-polarized electron at 



the data magnetic field includes the steps of:         collimating the
plurality of spin-polarized electrons into a spin-polarized electron beam;
focusing the spin-polarized electron beam; and         directing the
spin-polarized electron beam at, the data magnetic field.         18  The
method of claim 3, wherein the step of providing the spin-polarized
electron includes the step of extracting the spin-polarized electron from a
spin-polarized electron source.         19   The method of claim 3, wherein
the step of providing the spin-polarized electron includes the step of
providing a plurality of spin-polarized electrons and 



wherein the step of directing the spin-polarized electron  at the data
magnetic field includes the steps of:         collimating the plurality of
spin-polarized electrons into a spin-polarized electron beam;
focusing the spin-polarized electron beam; and         directing the
spin-polarized electron beam at the data magnetic field.         20. The
method of claim 4, wherein the step of providing the spin-polarized
electron includes the step of extracting the spin-polarized electron from a
spin-polarized electron source.         21. The method of claim 4, wherein
the step of providing the spin-polarized electron includes the step of 



providing a plurality of spin-polarized electrons, and
30   



wherein the step of directing the spin-polarized electron at the data
magnetic field includes the steps of:         collimating the plurality of
spin-polarized electrons into a spin-polarized electron beam;
focusing the spin-polarized electron beam; and         directing the
spin-polarized electron beam at the data magnetic field.         22.  The
method of claim 4, wherein the step of detecting the first or second
characteristic of the secondary electron includes the step of detecting at
least one of an energy and a spin of the secondary electron.         23.
The apparatus of claim 5, further comprising an extractor for extracting
the spin-polarized electron from the 



electron source.         24  The apparatus of claim 5, wherein the electron
source provides a plurality of spin-polarized electrons and wherein the
electron deflector includes:          a collimator for collimating the
plurality of  spin- polarized electrons into a spin-polarized electron
beam;          a focusing element for focusing the spin-polarized electron
beam; and          a deflecting element for directing the spin-polarized
electron beam at the data magnetic field.          25.  The apparatus of
claim 24, wherein the collimator includes a first electrostatic lens, the
focusing element includes a second electrostatic lens, and the 



deflecting element includes a microdeflector.          26. The apparatus of
claim 5, further comprising a blanking element for disabling an effect of
the spin- polarized electron.          27.  The apparatus of claim 5,
wherein the electrically nonconductive environment is a vacuum.
28. -The apparatus of claim 6, further comprising an  extractor, for
extracting the spin-polarized electron from the  electron source.     



29  The apparatus of claim 6, wherein the electron source provides a
plurality of spin-polarized electrons  and 



wherein the electron deflector includes:         a collimator for
collimating the plurality of spin- polarized electrons into a
spin-polarized electron beam;         a focusing element for focusing the
spin-polarized electron bean; and         a deflecting element for
directing the spin-polarized electron beam at the data magnetic field.
30. The apparatus of claim 29, wherein the collimator includes a first
electrostatic lens, the focusing element includes a second electrostatic
lens, and the deflecting element includes a microdeflector.         31.
The apparatus of claim 6, further comprising  a blanking element for
disabling an effect of the spin- 



polarized electron beam.          32. The apparatus of claim 6,  wherein
the electron detector includes an electrically conductive material
configured to detect the deflection of the spin-polarized electron by the
data magnetic field.          33.  The apparatus of claim 7, further
comprising an extractor for extracting the spin-polarized electron from the
electron source          34.  The apparatus of claim 7, wherein the
electron  source provides a plurality of spin-polarized electrons and
wherein the electron deflector includes:          a collimator for col
imating the plurality of spin-  polarized electrons into a spin-polarized
electron beam; 



a focusing element for focusing the spin-polarized  electron beam; and
a deflecting element for directing the spin-polarized  electron beam at the
data magnetic field          35. The apparatus of claim 34, wherein the
collimator includes a first electrostatic lens, the focusing  element
includes a second electrostatic lens, and the  deflecting element
includes a microdeflector.      



3 2  36    The apparatus of claim 7, further comprising a blanking element
for disabling an effect of the spinpolarized electron.   37.   The
apparatus of claim 7, wherein the electron detector includes an
electrically conductive material  configured to detect the secondary 



electron   38.   The apparatus of claim 7, wherein each of the first and
second characteristics of the secondary electron includes at least one of
an energy and a spin of the secondary electron.   39.   A data storage
medium as described hereinbefore with reference to the accompanying
drawings.   



40.   A method of storing data as described hereinbefore with reference to
the accompanying drawings.   41.   A method of reading data as described
hereinbefore with reference to the accompanying drawings.   42.   An
apparatus for storing data as described hereinbefore with  reference to the
accompanying drawings   



43.   An apparatus for reading data as describe  hereinbefore with
reference to the accompanying drawings.    




