
WO 2005/071689 PCT/US2005/000664  IMPROVED MAGNETIC SWITCHING GOVERNMENT
RIGHTS: The United States Government has acquired certain rights in this
invention pursuant to  Contract No. DTRAO1-00-C-0002 awarded by DTRA.
BACKGROUND:  1. Field: The present invention relates generally to magnetic
memory and more specifically to  magnetoresistive memory elements. 2.
Related Art: The discovery of the giant magnetoresistive (GMR) effect has
led to the development of a  number of spin-based electronic devices. The
GMR effect is observed in certain thin-film devices  that are made up of
alternating ferromagnetic and nonmagnetic layers. In a typical device, the
relative orientations of magnetic directions of the ferromagnetic layers
define a binary state of the  device. The resistance across a device is
generally lowest when the magnetic directions of the  ferromagnetic layers
are in a parallel orientation and highest when the magnetic directions are
in an  antiparallel orientation. One type of GMR device is commonly referred
to as a "spin valve." GMR devices,  including spin valves, can be used as
data storage elements in magnetic random access memory  (MRAM) devices. In
this regard, exemplary MRAM applications of GMR devices are described in  t
WO 2005/071689 PCT/US2005/000664  U.S. Patent Nos. 6,147,922; 6,175,525;
6,178,111; and 6,493,258, all of which are incorporated  



herein by reference. A spin valve typically includes two ferromagnetic
layers that are separated by a thin layer of  a non-magnetic metal (usually
copper) and also includes an antiferromagnetic layer that "pins" the
magnetization direction of one of the ferromagnetic layers. Figure la
illustrates (in a simplified  form) the layers in a typical spin valve 10 as
seen from a side view. As shown in Figure 1 a, spin  valve 10 includes
ferromagnetic layers 12 and 14 separated by a nonmagnetic layer 16. In a
typical  arrangement, one of the magnetic layers is configured to be a fixed
layer 14. Fixed layer 14 is  adjacent to an anti-ferromagnetic layer 18,
such that the magnetization direction of fixed layer 14 is  "pinned" in a
particular orientation. The arrow in fixed layer 14 indicates an exemplary
pinned  orientation, though, in general, the orientation could be pinned in
either direction. Thus, the  magnetization direction of fixed layer 14
remains relatively fixed when operational magnetic fields  are applied to
spin valve 10. A second magnetic layer 12 is termed a free layer 12. In
contrast with  the fixed layer 14, the magnetization direction of free layer
12 is free to switch between parallel: and  antiparallel orientations, as
indicated by the double-arrow symbol in free layer 12. By applying an
appropriate magnetic field to spin valve 10, the magnetization direction of
free layer 12 can be  inverted while the magnetization direction of fixed
layer 14 remains the same. However, a more  robust means is needed for
inverting the magnetization directions of the ferromagnetic layers (12  and
14). Figure lb shows a three-dimensional view of the spin valve 10 of Figure
la. As shown, the  spin valve 10 has a hard-axis (short-axis) and an
easy-axis (long-axis). In general, the  magnetization directions of both the
free layer 12 and the fixed layer 14 run substantially parallel to  the
easy-axis. 2 



WO 2005/071689 PCT/US2005/000664  Figure 1 c shows atop view of a prior art
magnetoresistive bit 20 that is substantially similar to the spin valves of
Figures la and lb. The bit 20 has a first bit end 22 and a second bit end 24
interconnected by an elongated body 26. As shown, the bit ends (22 and 24)
are tapered. A  magnetization direction 28 of a magnetic layer of the bit 20
is shown pointing toward the- second bit  end 24 and parallel to an
easy-axis of the bit 20. A hard-axis is shown perpendicular to the easy-
axis. The magnetization direction 28 is indicative of a logical state of the
bit. Thus, the  magnetization direction 28 pointing toward the second bit
end24 may be indicative of a first logical  state. Conversely, the
magnetization direction 28 could be inverted to point along the easy-axis
toward the first bit end 22, and thus representing a second logical state.
Bit ends 22 and 24 are  tapered along the easy-axis. In a typical
arrangement, the bit 20 is symmetrical about both the  hard-axis and the
easy-axis. 3 WO 2005/071689 PCT/US2005/000664  SUMMARY OF THE INVENTION:
Research indicates that switching (inversion) of a logical state of a
magnetoresistive bit is at  least partially driven by local magnetization
directions at each end of the bit. With this finding in  mind, a
magnetoresistive apparatus and method of operation are provided with
improved switching  characteristics. According to one aspect of the
invention, a magnetoresistive bit is provided with improved  switching. The
bit comprises a nonmagnetic layer sandwiched between two magnetic layers.
Each  magnetic layer has a first bit end and second bit end and an elongated
body connecting the two bit  ends. The bit ends each have an expanded
magnetic volume for supporting hard-axis end  



magnetization for driving a switching process. Similarly, the elongated body
is configured to  support a body magnetization along an easy-axis of the bit
for storing a binary state of the bit. The  expanded magnetic volume may be
achieved by, for example, a "C-shape", "S-shape", or "I-shape"  bit
configuration. Additionally, expanded magnetic volume may be generated by a
tapered  protrusion extending from each bit end along the hard-axis of the
bit. Expanded magnetic volume  may also be accomplished by magnetically
hardening the bit ends. Another embodiment further  comprises an expanded
surface area along each bit end. According to another aspect of the
invention, a method is provided for switching the logical  state of a
current-in-plane magnetoresistive bit. The method comprises applying three
magnetic  fields to the bit. A first magnetic field is applied along a
hard-axis of a first end of the bit, wherein  the first end has an expanded
magnetic volume for supporting a hard-axis magnetization. A second  magnetic
field is applied along the hard-axis of a second end of the bit, wherein the
second end has  an expanded magnetic volume for supporting a hard-axis
magnetization. A third magnetic field is  applied to a body of the bit,
wherein the body is configured to support an easy-axis magnetization.  In
one embodiment, the first and second magnetic fields are applied for
ensuring that both the first  4 WO 2005/071689 PCT/US2005/000664 and second
bit end have hard-axis magnetizations. The first and second magnetic fields
may, for  example, be applied by passing a current through a conducting line
arranged near the bit. Another  embodiment further comprises removing the
three magnetic fields and, after removing the third  magnetic field,
retaining a body magnetization direction along the easy-axis. The body
magnetization direction is indicative of the logical state of the bit. In
yet another aspect of the invention, a magnetoresistive cell is provided
comprising a  



magnetoresistive bit; a word line; and a sense line. The bit further
comprises a first magnetic layer  and a second magnetic layer that sandwich
a nonmagnetic layer. The magnetic layers each have a  pair of bit ends with
expanded magnetizability along a hard-axis of the bit, and each layer has a
center magnetization direction along an easy-axis of the bit. The word line
is arranged near the bit  for applying a first magnetic field to the bit.
The sense line is electrically connected to the bit for  delivering a read
current to the bit for determining a logical state of the bit. Additionally,
the sense  line may apply a second magnetic field to the bit. An embodiment
further provides that the center  magnetization direction of the first
magnetic layer is fixed, and that the center magnetization  direction of the
second magnetic layer is free to rotate its direction in response to a
magnetic field  applied to the bit. A farther aspect provides a
magnetoresistive device comprising a magnetoresistive bit  having expanded
hard-axis magnetization volume at each of two ends of the bit for supporting
initiation of a state switching process. 5 WO 2005/071689 PCT/US2005/000664
BRIEF DESCRIPTION OF THE DRAWINGS: Figure I a is a schematic diagram of the
layers of a prior art spin valve.  Figure lb is a three dimensional view of
a prior art spin valve. Figure lc is a top view of a prior art
magnetoresistive bit. Figure 2 is a sequential diagram of a magnetic
switching process in a magnetic layer. Figure 3 is a top view of an
embodiment of a magnetoresistive bit with an expanded  magnetic volume in
each bit end. Figure 4 is a top view of another embodiment of a
magnetoresistive bit with an expanded  



magnetic volume in each bit end. Figure 5 is a top view of yet another
embodiment of a magnetoresistive bit with an  expanded magnetic volume in
each bit end. Figure 6 is a three dimensional view of a magnetoresistive
cell in accordance with an  embodiment. Figure 7 is a process flow diagram
of a magnetic switching method.  6 WO 2005/071689 PCT/US2005/000664
DETAILED DESCRIPTION: 1. Magnetic Switching Process In a magnetoresistive
bit with a pair of magnetic layers, a logical state of the bit is
determinable from the magnetization directions of the magnetic layers. The
logical state may be  switched from a first state to a second state by
switching (or inverting) the magnetization direction  of one of the magnetic
layers. Referring to Figure 2, a series of frames chronicle a finite
analysis of  a magnetic switching process in a magnetic layer of a
magnetoresistive bit. In general, the series  shows that the switching
process involves a coordinated rotation (or reversal) of elemental
magnetization directions within the magnetic layer. Looking first at Frame
(a), a magnetic layer 202 is shown as an elongated element with  tapered bit
ends (204 and 206). For convenience, the bit ends are labeled a first bit
end 204 and a  second bit end 206. An easy-axis (long-axis) of the magnetic
layer 202 is shown running parallel to  the elongation of the magnetic layer
202. A hard-axis (short-axis) is aligned in the plane of the  magnetic layer
202 and runs perpendicular to the easy-axis. Within magnetic layer 202,
elemental  magnetization directions are shown as small arrows pointing along
the easy-axis toward the second  



bit end 206. Magnetic exchange between the bit ends and the body of the bit
would tend to make  the magnetization uniform and unidirectional.
(Magnetization exchange is the ferromagnetic  exchange that tends to
magnetize a magnetic domain of an ensemble of atoms in a given direction.) A
summary arrow 208 shows a generalized magnetization direction of the
magnetic layer  202 pointing along the easy-axis toward the second bit end
206. The uniform magnetization along  the easy-axis as shown in Frame (a) is
indicative of a first logical state. Frames (b), (c), (d), and (e) represent
the magnetic layer 202 in sequential scenes of a  switching process. Thus,
in parallel fashion, the first bit end 204 is the leftmost end of the
magnetic  7 WO 2005/071689 PCT/US2005/000664  layer in each frame, and the
second bit end 206 is the rightmost end of the magnetic layer in each
frame. Jumping to Frame (e), the final frame, elemental magnetization
directions are shown  pointing along the easy-axis toward the first bit end
204. Frame (e) summary arrow 236 shows a  generalized magnetization
direction pointing in the opposite direction of Frame (a) summary arrow
208. The uniform magnetization along the easy-axis as shown in Frame (e) is
indicative of a  second logical state. Thus, the objective of a switching
process is to switch the logical state of the  magnetization layer 202 from
the first logical state to the second logical state. Frames (b), (c), and
(d) give further detail of the switching process. In Frame (b), the
elemental magnetization directions as shown by small arrows in the  magnetic
layer are no longer uniform across the entire magnetic layer. Specifically,
elemental  magnetization directions at the bit ends have begun to rotate
clockwise toward the hard-axis.  However, elemental magnetization directions
in the elongated portion of the magnetic layer  



continue to point toward the second bit end 206. Frame (b) summary arrows
(210, 212, and 214)  mirror the elemental magnetization. In Frame (b), it
can be seen that the switching process is  initiated in the bit ends (204
and 206). In Frame (c), the elemental magnetization directions show further
rotation. Frame (c)  summary arrows (216-224) mirror the rotation of the
elemental magnetization directions. Bit end  summary arrows (216 and 218)
indicate further rotation of elemental magnetization directions at  the bit
ends (204 and 206). A center of the elongated portion of the magnetic layer
has begun to  rotate clockwise as shown by center summary arrow 220. Edge
summary arrows (222 and 224)  show little rotation and indicate that
elemental magnetization directions along edges of the  elongated portion
continue to substantial point toward the second bit end 206. 8 WO
2005/071689 PCT/US2005/000664 In Frame (d), bit end summary arrows (226 and
228) indicate continued rotation of  elemental magnetization directions in
the bit ends (204 and 206). The center of the elongated  portion continues
to rotate as shown by summary arrow 230. Edge summary arrows (232 and 234)
indicate that elemental magnetization directions along the edges has begun
to rotate in earnest. Finally, Frame (e) shows a completed rotation and
reformation of the uniformity of  elemental magnetization directions across
the magnetic layer. Figure 2 in general shows how  switching of the
magnetization direction of the magnetic layer is initiated in the bit ends,
continues  through the center of the layer, and completes with reversal of
the edges. As will be understood by one skilled in the art, the first and
second logical states may be  arbitrarily selected. Thus switching the
magnetic layer from the second logical state to the first  logical state
involves a mirror-image procedure as switching from the first logical state
to the  



second logical state. Figure 2 is intended to serve as an example of a
switching process and should  not be seen as limiting. 2. Magnetoresistive
Bit Architecture In a preferred embodiment, a magnetoresistive bit is
configured as a tri-layer element with a  nonmagnetic layer (such as copper)
sandwiched between two magnetic layers. Each magnetic layer  is arranged
with an elongated body interconnecting a first bit end and a second bit end.
Each bit  end has an expanded magnetic volume for supporting a magnetization
along a hard-axis of the bit,  wherein the hard-axis magnetization at the
bit ends is useful for improving magnetic switching of  the bit. The
elongated body is configured to support a magnetization along the easy-axis
of the bit  for storing a logical state of the bit. Referring to Figure 3, a
top view of an embodiment of a magnetoresistive bit 300 is shown.  A first
bit end 302 and a second bit end 304 are interconnected by an elongated body
306. The  magnetoresistive bit 300 is shown with a "C-shape" asymmetry along
an easy-axis. The shape is  9 WO 2005/071689 PCT/US2005/000664  designed to
increase a hard-axis magnetic volume at each bit end (302 and 304). Summary
arrows  (308, 310, and 312) are indicative of elemental magnetization
directions in the bit 300 and correlate  roughly to Frame (d) of Figure 2.
In one embodiment, the expanded hard-axis magnetic volume allows for an
improved  transition from Frame (a) to Frame (b) and from Frame (b) to Frame
(c). In a typical  magnetoresistive bit, magnetization of the elongated body
312 is along the easy-axis and creates a  demagnetizing field on the bit
ends. In another embodiment, expanded hard-axis magnetic volume  of the bit
ends is configured to overcome the demagnetizing field. 



Each bit end (302 and 304) additionally shows a tapered protrusion extending
along the  hard-axis. This protrusion is useful in increasing the bit end
magnetic volume and may be used in  other bit shapes than the "C-shape."
Referring to Figure 4, a top view of a symmetrical magnetoresistive bit 400
is shown in  accordance with an embodiment. Bit ends 402 and 404 each have
an expanded magnetic volume  and the two ends are interconnected by a body
406. Because of their shape, the bit ends 402 and  404 are termed to be in
an "I-shape" configuration. (The shape of the bit 400 generally resembles
an I-beam.) Bit ends 402 and 404 have an expanded end surface area. In a
further embodiment, the  surface area of the bit ends may be maximized
relative to a bit end volume: This maximization  ensures the greatest
distribution of magnetic surface charge induced by the magnetization
relative  to the magnetic volume. In one embodiment, the expanded magnetic
volume of the bit ends 402  and 404 is accomplished by an expanded surface
area along each bit end. Referring to Figure 5, a top view of an "S-shape"
magnetoresistive bit 500 is shown in  accordance with an embodiment. Each
bit end (502 and 504) has an expanded magnetic volume  along a hard-axis of
the bit 500. An elongated body 506 interconnects the bit ends 502 and 504.
10 WO 2005/071689 PCT/US2005/000664 This embodiment is exemplary of bits
with asymmetries along both the hard-axis and an easy-axis  of the bit. The
various bit shapes specifically disclosed herein should be seen as
instructive rather than  limiting. It will be apparent to those skilled in
the art that additional bit shapes, both symmetrical  and asymmetrical, are
available for expanding hard-axis magnetic volume at the bit ends.
Additionally, variations to the shapes shown are also available. For
example, angles of curvature  



may be altered as can the degree of asymmetry according to specific design
goals and constraints.  Other arrangements that increase bit end magnetic
volume in the direction of the hard-axis may be  used. In a further
embodiment, the bit ends are magnetically hardened or doped for expanding
the  magnetization volume of the bit ends. A few to a few hundreds of
monolayers may be subject to  hardenening. In an embodiment, a thickness of
between approximately 0.5 nanometers to 500  nanometers are subject to
hardening. More typically, a hardening thickness at the bit ends of  between
approximately 50 nanometers to 100 nanometers is hardened. In an exemplary
embodiment, the magnetization direction of the bit ends is not stable
despite the expanded hard-axis magnetic volume. Thus, as shown in the Frames
of Figure 2, the  parallel magnetization of the of bit ends in the hard-axis
direction is only present during the  switching process and is not apparent
in either of the logical states shown by Frames (a) and (e). 3.
Magnetoresistive Cell Architecture Figure 6 shows an isometric view of an
exemplary current-in-plane (CIP) magnetoresistive  (MR) device. In this
embodiment, a MR element 602 is shown as a tri-layer element having a
nonmagnetic layer sandwiched between two ferromagnetic layers. The MR
element has a hard-axis  (short-axis) and an easy-axis (long-axis). As can
be seen, the MR element 602 has expanded bit  ends and an elongated body. A
word line 604 is arranged near the MR element 602. As shown, the  11 WO
2005/071689 PCT/US2005/000664  word line 604 runs parallel to the hard-axis.
An insulator (not shown) separates the word line 604  from the MR element
602. A bit line 610 is arranged the near the MR element 602. The bit line
610 is insulated from the MR element 602. As shown, the bit line 610 runs
along the easy-axis and  



is perpendicular to the word line 604. A first sense line 612 and a second
sense line 614 abut the  MR element 602. Generally, the two sense lines 612
and 614 are electrically connected to opposite  edges of the nonmagnetic
layer of the MR element 602. The two sense lines 612 and 614 may also  be
referred to as a single sense line. Arrangement of the word line 604 and bit
line 610 are such that a current passing through  either (or both) will
create a magnetic field acting on the MR element 602. A magnetic field
created by a current passing through a line has a magnetic direction
perpendicular to the flow of the  current according to the "right hand rule"
of elementary physics. Additionally, a further magnetic  field maybe created
by a current passing through sense lines 612 and 614. The word line 604 is
arranged so that a current passing through it will create a first magnetic
field along the easy-axis of the MR element 602. Likewise, the bit line 610
is arranged so that a  current passing through it will create a second
magnetic field along the hard-axis of the MR  element 602. In one
embodiment, the two magnetic fields additively combine to form a composite
magnetic field that acts on the MR element 602. During a write sequence, a
composite magnetic  field is created to invert the magnetization direction
of at least one layer of the MR element 602.  Alternatively, the magnetic
field applied along the hard-axis acts on the bit ends to drive a magnetic
switching process, and the magnetic field applied along the easy-axis acts
to complete the magnetic  switching process. In an embodiment, the
configuration of the word line 604 and bit line 610 is designed such  that a
current through a single line will not switch the magnetization direction of
a layer of the MR  element. This may be termed a "half-select" system,
whereby each line "half-selects" the MR  12 WO 2005/071689 PCT/US2005/000664



element 602 for writing. When both "write" lines 604 and 610 are providing a
current then the two  "half-selects" additively combine to fully select the
MR element. When the MR element is thus  selected, the magnetization
direction of a layer of the MR element is switched. In a preferred
embodiment, the word line 604 and bit line 610 are planar conducting lines
that have a substantially greater width than height. The widths of the word
line 604 and bit line 610  are merely shown as examples, various widths of
each line is possible and the widths should be  adjusted according to design
parameters such as the MR element used and board size. In Figure 6, the MR
element is shown positioned orthogonally to the word line 604 and bit  line
610. This positioning is not required. In another embodiment, for example,
the MR device is  rotated by 30 degrees to achieve a better switching
performance. In general, the MR device may be  configured at any rotation
to, for example, alter read or write characteristics. The MR device is
configured such that during a read sequence, a sense current (is) is passed
from the from the first sense line 612 to the second sense line 614 through
the MR element 602.  The sense current (is) is used to obtain a metric that
is indicative of the resistance across the MR  element 602. Because the
sense current flows in the plane of the layers of the MR element 602, the
device is known as a current-in-plane (CIP) device. In another embodiment,
the bias current is only applied during a read sequence. In that  case, the
write driver will not apply a current to the word line 604 at the same time
that the bias  driver is applying a current to the word line 604. 4. Method
of Switching a Logical State A logical state of a magnetoresistive bit is
determinable from the magnetization direction of  magnetic layers of the
bit. Thus, the state of the bit may be switched by switching the
magnetization direction of the magnetic layer(s). Figure 2 shows an example
of rotation of the  



magnetization direction of the bit ends leading rotation a magnetization
direction of a body of the  13 WO 2005/071689 PCT/US2005/000664 bit. With
the sequence of Figure 2 in mind, Figure 7 shows an improved method of
switching the  magnetization direction of a magnetoresistive bit. The method
comprises: at step 702, applying a  first magnetic field to a first bit end
along a hard-axis, wherein the first bit end has an expanded  hard-axis
magnetic volume; at step 704, applying a second magnetic field to a second
bit end along  the hard-axis, wherein the second bit end has an expanded
hard-axis magnetic volume; and at step  706, applying a third magnetic field
to the body of the bit, wherein the body is configured to  support an
easy-axis magnetization. In one embodiment, the first magnetic field acts to
rotate the magnetization direction of the  first bit end so as to ensure
that the first bit end has a magnetization along the hard-axis. Likewise,
the second magnetic field acts to rotate the magnetization direction of the
second bit end so as to  ensure that the second bit end has a magnetization
along the hard-axis. As an example, this is  shown by the bit end summary
arrows of Frames (b)-(d) of Figure 2. In another embodiment, the  first and
second magnetic fields are applied by passing a current through a conducting
line arranged  near the bit. For example, in an embodiment of Figure 6, the
bit line 610 may carry a current for  generating the first and second
magnetic fields. According to a further embodiment of the invention, the bit
ends are configured such that  during a resting state (no applied magnetic
field), the bit ends have antiparallel magnetizations  along the hard-axis
relative to one another. During switching, magnetic fields acting upon the
bit  ends force a parallel magnetization of the bit ends along the hard-axis
as shown in Figure 3, for  example. Thus, when a hard-axis field is applied,
the bit-end states become parallel, so that an  



easy-axis field can now switch the magnetization direction of the bit. When
the hard-axis field is  removed, the bit ends become anti-parallel again.
Thus, in this embodiment, bit end magnetization  is volatile. 14 WO
2005/071689 PCT/US2005/000664  5. Conclusion A variety of embodiments have
been described above. More generally, those skilled in the  art will
understand that changes and modifications may be made to these embodiments
without  departing from the true scope and spirit of the present invention,
which is defined by the claims.  Thus, references to, for example, specific
thicknesses, materials, and fabrication methods are meant to  be
illustrative rather than limiting. Device design, processing, and test
conditions all affect  magnetization switching characteristics and are
therefore should be considered. 15 CLAIMS:  I claim: 1. A magnetoresistive
(MR) bit comprising: a nonmagnetic layer sandwiched between two magnetic
layers, each  magnetic layer comprising o a first bit end having an expanded
magnetic volume for supporting a  first end magnetization along a hard-axis
of the MR bit, o a second bit end having an expanded magnetic volume for
supporting a second end magnetization along the hard-axis, and o an
elongated body interconnecting the first and second bit ends for  



supporting a body magnetization along an easy-axis of the MR bit. 2. The MR
bit of claim 1, wherein the first and second bit ends each have an
asymmetry along the easy-axis. 3. The MR bit of claim 2, wherein the
asymmetry is a "C-shape" asymmetry.  4. The MR bit of claim 2, wherein the
asymmetry is a "S-shape" asymmetry.  5. The MR bit of claim 1, wherein the
first and second bit ends are arranged  in an "I-shape" configuration. 6.
The MR bit of claim 1, wherein the expanded magnetic volume of the  first
and second bit ends is generated by a tapered protrusion extending from each
bit  end along the hard-axis. 7. The MR bit of claim 1, wherein the expanded
magnetic volume of each bit  end is configured to overcome a demagnetizing
field induced by the body magnetization.  8. The MR bit of claim 1, wherein
the expanded magnetic volumes of the first and second bit ends are
accomplished by an expanded surface area along each bit  end. 16 9. The MR
bit of claim 1, wherein the first and second bit ends are  magnetically
hardened for expanding the magnetization volume of the bit ends along the
hard-axis. 10. The MR bit of claim 9, wherein the magnetically hardened bit
ends have a  thickness of less than 500 nanometers. 11. The MR bit of claim
9, wherein the magnetically hardened bit ends have a  thickness within the
range of 50 to 100 nanometers. 



12. A method for switching a current-in-plane magnetoresistive memory bit
comprising: applying a first magnetic field to a first end of the bit along
a hard-axis of  the bit, wherein the first end has an expanded magnetic
volume for supporting a  hard-axis magnetization; applying a second magnetic
field to a second end of the bit along the hard- axis of the bit, wherein
the second end has an expanded magnetic volume for  supporting the hard-axis
magnetization; and applying a third magnetic field to a body of the bit,
wherein the body is  configured to support an easy-axis magnetization. 13.
The method of claim 12, wherein applying the first magnetic field ensures
that a magnetization of the first end is along the hard-axis, and wherein
applying the  second magnetic field ensures that a magnetization of the
second end is along the hard-axis.  14. The method of claim 12, further
comprising: removing the first magnetic field;  removing the second magnetic
field;  removing the third magnetic field; and after removing the third
magnetic field, retaining a body magnetization  direction along the
easy-axis. 17 15. The method of claim 12, wherein applying both the first
and second  magnetic fields comprises passing a current through a conducting
line arranged near the  bit. 



16. The method of claim 12, wherein the easy-axis is perpendicular to the
hard-axis. 17. A magnetoresistive cell comprising:  a magnetoresistive bit
comprising a first magnetic layer and a  second magnetic layer, wherein the
magnetic layers sandwich a nonmagnetic layer,  and wherein the magnetic
layers each have a pair of bit ends with expanded hard- axis
magnetizability, and wherein the magnetic layers each have a center
magnetization direction along an easy-axis of the bit; a word line for
applying a first magnetic field to the bit; and   a sense line for
delivering a read current to the bit. 18. The magnetoresistive cell of claim
17, wherein the center magnetization  direction of the first magnetic layer
is fixed, and wherein the center magnetization  direction of the second
magnetic layer is free to invert its direction in response to a  magnetic
field applied to the bit. 19. The magnetoresistive cell of claim 17, wherein
the bit is a spin-valve. 20. The magnetoresistive cell of claim 17, wherein
the bit is a pseudo-spin- valve. 21. The magnetoresistive cell of claim 17,
wherein the bit is a magnetic tunnel  junction. 22. A magnetoresistive
device comprising a magnetoresistive bit having  expanded hard-axis
magnetization volume at each of two ends of the bit for supporting
initiation of a state switching process. 18 




