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WRITE CURRENT REDUCTION IN SPIN TRANSFER TORQUE MEMORY
DEVICES

BACKGROUND OF THE INVENTION

The present disclosure relates generally to the fabrication of microelectronic
memory. The microelectronic memory may be non-volatile, wherein the memory can
retain stored information even when not powered.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. lais a schematic diagram illustrating a spin transfer torque memory bit
cell in accordance with an embodiment of the present description.

FIG. 1b is a schematic diagram illustrating a spin transfer torque memory bit
cell in accordance with another embodiment of the present description.

FIG. 1c is a schematic diagram illustrating a spin transfer torque memory bit
cell in accordance with still another embodiment of the present description.

FIG. 2a is a side view schematic illustrating a magnetic tunneling junction with
a free magnetic layer having a magnetic orientation anti-parallel to a fixed magnetic layer
in accordance with an embodiment of the present description.

FIG. 2b is a side view schematic illustrating a magnetic tunneling junction with
a free magnetic layer having a magnetic orientation parallel to a fixed magnetic layer in
accordance with an embodiment of the present description.

FIG. 3a illustrates a plan view along line 3-3 of any of FIGs. la - 1c, wherein a
free magnetic layer electrode substantially covers a magnetic layer as known in the art.

FIG. 3D illustrates a plan view along line 3-3 of any of FIGs. 1a - 1c, wherein
the free magnetic layer electrode comprises a stripe extending the length of the magnetic

layer in accordance with an embodiment of the present description.
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FIG. 3c illustrates a plan view along line 3-3 of any of FIGs. la - 1c, wherein
the free magnetic layer electrode comprises a ring abutting a periphery of the magnetic
layer in accordance with an embodiment of the present description.

FIG. 3d illustrates a plan view along line 3-3 of any of FIGs. 1a - 1¢, wherein
the free magnetic layer electrode comprises a stripe extending the width of the magnetic
layer in accordance with an embodiment of the present description.

FIG. 3¢ illustrates a plan view along line 3-3 of any of FIGs. la - 1¢, wherein
the free magnetic layer electrode comprises a circle adjacent the magnetic layer in
accordance with an embodiment of the present description.

FIG. 3f illustrates a plan view along line 3-3 of any of FIGs. 1a - 1c, wherein
the free magnetic layer electrode comprises a circle offset a distance from a center of the
magnetic layer in accordance with an embodiment of the present description.

FIG. 4 is a graph of switching current versus a varied parameter in each of the
embodiments of FIGs. 3b, 3¢, and 3d in accordance with embodiments of the present
description.

FIG. 5 illustrates an embodiment of a portable electronic device in accordance
with an embodiment of the present description.

FIG. 6 illustrates an embodiment of a computer system in accordance with an
embodiment of the present description.

FIG. 7 is a block diagram of an electronic system in accordance with an
embodiment of the present description.

FIG. 8 is a block diagram of another electronic system in accordance with an
embodiment of the present description.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the claimed
subject matter may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the subject matter. It is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive. For
example, a particular feature, structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other embodiments without departing
from the spirit and scope of the claimed subject matter. In addition, it is to be understood
that the location or arrangement of individual elements within each disclosed embodiment

may be modified without departing from the spirit and scope of the claimed subject matter.
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The following detailed description is, therefore, not to be taken in a limiting sense, and the
scope of the subject matter is defined only by the appended claims, appropriately
interpreted, along with the full range of equivalents to which the appended claims are
entitled. In the drawings, like numerals refer to the same or similar elements or
functionality throughout the several views, and that elements depicted therein are not
necessarily to scale with one another, rather individual elements may be enlarged or
reduced in order to more easily comprehend the elements in the context of the present
description.

Embodiments of the present description relate to the fabrication of spin transfer
torque memory element for non-volatile microelectronic memory devices. The spin
transfer torque memory element may include a magnetic tunneling junction with
specifically sized and/or shaped fixed magnetic layer that can be positioned in a specific
location adjacent a free magnetic layer. The shaped fixed magnetic layer may concentrate
current in the free magnetic layer, which may result in a reduction in the critical current
needed to switch a bit cell in the spin transfer torque memory element.

FIG. 1a shows a schematic of a spin transfer torque memory bit cell 100 which
includes a spin transfer torque element 110. The spin transfer torque element 110 may
comprise a free magnetic layer electrode 112 with a free magnetic layer 114 adjacent the
free magnetic layer electrode 112, a fixed magnetic layer electrode 116 adjacent a fixed
magnetic layer 118, and a tunneling barrier layer 122 deposed between the free magnetic
layer 114 and the fixed magnetic layer 118. A first dielectric element 123 and a second
dielectric element124 may be formed adjacent the fixed magnetic layer electrode 116, the
fixed magnetic layer 118, and the tunneling barrier layer 122. The fixed magnetic layer
electrode 116 may be electrically connected to a bit line 132. The free magnetic layer
electrode 112 may be connected to a transistor 134. The transistor 134 may be connected
to a word line 136 and a source line 138 in a manner that will be understood to those
skilled in the art. The spin transfer torque memory bit cell 100 may further include
addition read and write circuitry (not shown), a sense amplifier (not shown), a bit line
reference (not shown), and the like, as will be understood by those skilled in the art, for
the operation of the spin transfer torque memory bit cell 100. It is understood that a
plurality of the spin transfer torque memory bit cells 100 may be operably connected to
one another to form a memory array (not shown), wherein the memory array can be

incorporated into a non-volatile memory device.
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The portion of the spin transfer torque element 110 comprising the free
magnetic layer 114, the tunneling barrier layer 122, and the fixed magnetic layer 118 is
known as a magnetic tunneling junction 126. The free magnetic layer 114 and the fixed
magnetic layer 118 may be ferromagnetic layers, including but not limited to cobalt/iron
alloys, nickel/iron alloys, platinum/iron alloys, and the like, which are able to hold a
magnetic field or polarization. The tunneling barrier layer 122, which separates the free
magnetic layer 114 and the fixed magnetic layer 118, may be an oxide layer, including but
not limited to magnesium oxide (MgO), aluminum oxide (Al,O3), and the like. The
tunneling barrier layer 122 may have a thickness, ¢.g. a distance between the free magnetic
layer 114 and the fixed magnetic layer 118 of about 1 nm or less, such that electrons can
tunnel therethrough, if a bias voltage is applied between the free magnetic layer electrode
112 and the fixed magnetic layer electrode 116. The free magnetic layer electrode 112
and the fixed magnetic layer electrode 116 may be fabricated from any appropriate
conductive material, including but not limited to, tantalum and alloys thereof, titanium and
alloys thereof, and the like.

As illustrated in FIG. 1a, the fixed magnetic layer 118 may be “fixed” by being
substantially thicker than the free magnetic layer 114 (e.g. two or more times thickness of
the free magnetic layer 114. As shown in FIGs. 1b and 1c, the fixed magnetic layer 118
may be “fixed” with an antiferromagnetic layer 120, such as an indium/manganese alloy, a
platinum/manganese alloy, or the like, formed adjacent the fixed magnetic layer 118.

As shown in FIG. 1c, the magnetic tunneling junction 126 may have a reverse
orientation, wherein the free magnetic layer electrode 112 may be electrically connected to
a bit line 132 and the fixed magnetic layer electrode 116 may be connected to a transistor
134.

Although the spin transfer torque element 110 is illustrate as a free magnetic
layer electrode 112, a free magnetic layer 114, a tunneling barrier layer 122, a fixed
magnetic layer 118, and a fixed magnetic layer electrode 116, it is understood the
additional material layers may be present for improved performance. For example, layer
of ruthenium, tantalum, copper nitride, and the like, may be disposed between the free
magnetic layer electrode 112 and/or the fixed magnetic layer electrode 116, and their
respective free magnetic layer 114 or fixed magnetic layer 118.

Referring to FIGs. 2a and 2b, the magnetic tunneling junction 126 functions
essentially as a resistor, where the resistance of an electrical path through the magnetic
tunneling junction 126 may exist in two resistive states, either “high” or “low”, depending
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on the direction or orientation of magnetization in the free magnetic layer 114 and in the
fixed magnetic layer 118. FIG. 2a illustrates a high resistive state, wherein direction of
magnetization in the free magnetic layer 114 and the fixed magnetic layer 118 are
substantially opposed or anti-parallel with one another. This is illustrated with arrows 142
in the free magnetic layer 114 pointing from left to right and with arrows 144 in the fixed
magnetic layer 118 aligned in opposition pointing from right to left. FIG. 2b illustrates a
low resistive state, wherein direction of magnetization in the free magnetic layer 114 and
the fixed magnetic layer 118 are substantially aligned or parallel with one another. This is
illustrated with arrows 142 in the free magnetic layer 114 and with arrows 144 in the fixed
magnetic layer 118 aligned the same direction pointing from right to left.

It is understood that the terms “low” and “high” with regard to the resistive
state of the magnetic tunnel junction 126 are relative to one another. In other words, the
high resistive state is merely a detectibly higher resistance than the low resistive state, and
vice versa. Thus, with a detectible difference in resistance, the low and high resistive
states can represent different bits of information (i.e. a “0” or a “1”).

The direction of magnetization in the free magnetic layer 114 may be switched
through a process call spin transfer torque (“STT”) using a spin-polarized current. An
electrical current is generally unpolarized (e.g. consisting of about 50% spin-up and about
50% spin-down electrons). A spin polarized current is one with a great number of
electrons of either spin-up or spin-down, which may be generated by passing a current
through the fixed magnetic layer 118. The electrons of the spin polarized current from the
fixed magnetic layer 118 tunnel through the tunneling barrier layer 122 and transfers its
spin angular momentum to the free magnetic layer 114, wherein to free magnetic layer 114
will orient its magnetic direction from anti-parallel, as shown in FIG. 2a, to that of the
fixed magnetic layer 118 or parallel, as shown in FIG. 2b. The free magnetic layer 114
may be returned to its origin orientation, shown in FIG. 2a, by reversing the current.

Thus, the magnetic tunneling junction 126 may store a single bit of information
(“0” or “1”) by its state of magnetization. The information stored in the magnetic
tunneling junction 126 is sensed by driving a current through the magnetic tunneling
junction 126. The free magnetic layer 114 does not require power to retain its magnetic
orientations; thus, the state of the magnetic tunneling junction 126 is preserved when
power to the device is removed. Therefore, the spin transfer torque memory bit cell 100 of
FIGs. 1a - 1c is non-volatile. However, the amount of current needed to reorient the

magnetization of the free magnetic layer 114 is relatively high. This relatively high
-5-
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current may present issues for commercial applications, as will be understood to those
skilled in the art. In one embodiment, reducing the current needed to reorient the
magnetization of the free magnetic layer 114 to about 1 MA/cm2 or fixed magnetic layer
will be necessary for a commercially acceptable spin transfer torque memory device.

In embodiments of the present description, the fixed magnetic layer may be
shaped and/or positioned in a manner to concentrate current in specific location(s) in the
free magnetic layer.

FIGs. 3a-3f illustrate plan views along line 3-3 of any of FIGs. la-1c of a
magnetic tunneling junction 126 having the fixed magnetic layer 114 with a substantially
oval cross section or domain shape comprising a length (axis “L”) and a width (axis “W”)
(see FIG. 3a). The first dielectric structure 123 and the second diclectric structure 124 are
not shown for the sake of clarity. In one embodiment, the fixed magnetic layer 114 of
FIGs. 3a-3f has an aspect ratio (i.c., the length (axis “L” to the width (axis “W”)) of about
2 to 1. In a specific embodiment the free magnetic layer 114 of FIGs. 3a-3d have a length
(axis “L”) of about 70nm and a width (axis “W”) of about 35nm and a 2 ns current
switching pulse. Although the free magnetic layer 114 (see FIGs. la-1c¢) is illustrated as
an oval in FIGs. 3a-3f, it is understood that the free magnetic layer 114 may be any
appropriate “plan view” shape.

FIG. 3a illustrates a prior art magnetic tunneling junction 126 wherein the fixed
magnetic layer 118 completely covers the free magnetic layer 114 (not visible in FIG. 3a).
FIG. 3D illustrates an embodiment of the present description, wherein the fixed magnetic
layer 118 may be shaped in a specific pattern that is smaller than the free magnetic layer
114. As shown in FIG. 3b, the fixed magnetic layer 118 may be a “stripe” along the axis
L. FIG. 3c illustrates another embodiment of the present description, wherein the fixed
magnetic layer 118 is shaped as a ring extending from an edge 152 toward a center portion
of the free magnetic layer 114. FIG. 3d illustrates yet another embodiment of the present
description, wherein the fixed magnetic layer 118 may be a “stripe” along the axis W.
FIG. 3¢ illustrates another embodiment of the present description, wherein the fixed
magnetic layer 118 may be substantially circular approximately at a centered adjacent the
free magnetic layer 114. FIG. 3f illustrates another embodiment of the present
description, wherein the fixed magnetic layer 118 may be substantially circular and offset
a distance 172 from the axis W. Although FIGs. 3a-3f are described in terms of the fixed
magnetic layer 118 being patterned, it is understood that the fixed magnetic layer

electrode 116 and/or the tunneling barrier layer 122 may also be patterned similarly.
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The specific patterning and positioning of the fixed magnetic layer electrode
118 may concentrate current density to be more effective in switching the polarity of the
free magnetic layer 114 and, thus, may reduce that current needed to do so and/or reduce
the time needed to switch the polarity.

The efficiency of various shaped fixed magnetic layers 118 is illustrated in
FIG. 4, wherein the y-axis is the current needed for switching the polarization (“switching
current”) of the free magnetic layer 114, which is normalized to the switching current
needed for the structure of FIG. 3a (i.e. the free magnetic layer 114 being fully covered
with the fixed magnetic layer electrode 118). The dash line 210 is the 100% current level
of the structure of FIG. 3a (hereinafter the “control structure”).

The line 220, demarked by diamond data points and a dash-dot line,
corresponds to the free magnetic layer 114 and the fixed magnetic layer 118 of FIG. 3b.
The varied parameter is the width 162 of the fixed magnetic layer 118 stripe, as shown in
FIG. 3b. In FIG. 4, as the fixed magnetic layer width 162 was reduced to about 14% of
length of the axis L, the switching current was reduced to about 82% of the current
required by the control structure. This represented the approximate maximum reduction in
switching current and any further reduction in the varied parameter width 162 resulted in
an increase in the switching current and has not been graphed. In this graph, the
maximum reduction occurred with a fixed magnetic layer width 162 of about 10nm.

The line 230, demarked by circle data points and a dotted line, corresponds to
the free magnetic layer 114 and the fixed magnetic layer 118 of FIG. 3c. The varied
parameter is the width 164 of the fixed magnetic layer 118 ring, as shown in FIG. 3¢. In
FIG. 4, as the varied parameter width 164 was decreased to about 17% of length of the
axis L, the switching current was reduced to about 90% of the current required by the
control structure. This represented the approximate maximum reduction in switching
current and any further increase in the varied parameter width 164 resulted in an increase
in switching current and has not been graphed.

The line 240, demarked by triangle data points and a solid line, corresponds to
the free magnetic layer 114 and the fixed magnetic layer 118 of FIG. 3d, wherein the fixed
magnetic layer 118 extends along the width proximate axis W. In the illustrated
embodiment, the fixed magnetic layer 118 has a width 166 of about 43% of the length of
the axis L. The varied parameter is the offset 168 of the fixed magnetic layer 118 from the
axis W, as shown in FIG. 3d. In FIG. 4, as the offsct 168 was reduced to about 14% of the

length of the axis L, the switching current was reduced to about 93% of the current
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required by the control structure. This represented the approximate maximum reduction in
switching current and any further increase in the varied parameter offset 168 resulted in an
increase in switching current and has not been graphed. Thus, the position of the fixed
magnetic layer 118 may also affect the switching current for the free magnetic layer 114.

Although the present description illustrated several examples of specifically
shaped fixed magnetic layer 118 adjacent either the free magnetic layer 114, the subject
matter of the present description is not limited to those shapes. It is understood that the
fixed magnetic layer 118 may be any shape smaller than the free magnetic layer 114
and/or in a position which may be most effective in reducing the switching current and/or
in reducing the switching time of the magnetic tunneling junction 126 by concentrating
current in the free magnetic layer 114.

Although the method of fabricating the spin transfer torque memory bit cell
100 has not been described herein, it is understood that the steps for fabrication may
include standard microelectronic fabrication processes such as lithography, etch, thin films
deposition, planarization (such as chemical mechanical polishing (CMP)), diffusion,
metrology, the use of sacrificial layers, the use of etch stop layers, the use of planarization
stop layers, and/or any other associated action with microelectronic component
fabrication.

FIG. 5 illustrates an embodiment of a portable device 510, such as a cellular
telephone or a personal data assistant (PDA), digital media player, of the like. The
portable device 510 may comprise a substrate 520 within a housing 530. The substrate
520 may have various electronic components electrically coupled thereto including a
microprocessor 540, such as a central processing units (CPUs), chipsets, graphics
processor, ASICs, or other command/data processing device, and including at least one
memory device 550, including but not limited to, a memory array, a BIOS chip, a solid
state drive, and the like. Either the memory device 550 and/or the microprocessor 540
may have a spin transfer torque element as described in the present description. The
substrate 520 may be attached to various peripheral devices including an input device,
such as keypad 560, and a display device, such an LCD display 570.

FIG. 6 illustrates an embodiment of a computer system 610. The computer
system 610 may comprise a substrate or motherboard 620 within a housing 630. The
motherboard 620 may have various electronic component electrically coupled thereto
including a microprocessor 640, such as a central processing units (CPUSs), chipsets,

graphics processor, ASICs, or other command/data processing device, and at least one
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memory device 650, including but not limited to, a memory array, a BIOS chip, a solid
state drive, and the like. Either the memory device 650 and/or the microprocessor 640
may have a spin transfer torque element, as described in the present description. The
substrate or motherboard 620 may be attached to various peripheral devices including
inputs devices, such as a keyboard 660 and/or a mouse 670, and a display device, such as a
monitor 680.

FIG. 7 illustrates a block diagram of an electronic system 700. The electronic
system 700 can correspond to, for example, the portable system 510 of FIG. 5, the
computer system 610 of FIG. 6, a process control system, or any other system that utilizes
a processor and an associated memory. The electronic system 700 may have a
microprocessor 702 (having a processor 704 and control unit 706), a memory device 708,
and an input/output device 710 (it is, of course, understood that the electronic system 700
can have a plurality of processors, control units, memory device units and/or input/output
devices in various embodiments). In one embodiment, the electronic system 700 may
have a set of instructions that define operations which are to be performed on data by the
processor 704, as well as, other transactions between the processor 704, the memory
device 708, and the input/output device 710. The control unit 706 coordinates the
operations of the processor 704, the memory device 708 and the input/output device 710
by cycling through a set of operations that cause instructions to be retrieved from the
memory device 708 and executed. The memory device 708 can include a spin transfer
torque element as described in the present description.

FIG. 8 illustrates a block diagram of an electronic system 800 which is similar
to the electronic system 700 of FIG. 7, with the exception that the memory device 708 is
embedded in the process 704. All of the operations of the electronic system 800 of FIG. 8
are similar to that of the operations of the electronic system 700 of FIG. 7.

The detailed description has described various embodiments of the devices
and/or processes through the use of illustrations, block diagrams, flowcharts, and/or
examples. Insofar as such illustrations, block diagrams, flowcharts, and/or examples
contain one or more functions and/or operations, it will be understood by those skilled in
the art that each function and/or operation within each illustration, block diagram,
flowchart, and/or example can be implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, or virtually any combination thereof.

The described subject matter sometimes illustrates different components

contained within, or connected with, different other components. It is understood that
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such illustrations are merely exemplary, and that many alternate structures can be
implemented to achieve the same functionality. In a conceptual sense, any arrangement of
components to achieve the same functionality is effectively "associated” such that the
desired functionality is achieved. Thus, any two components herein combined to achieve
a particular functionality can be seen as "associated with" each other such that the desired
functionality is achieved, irrespective of structures or intermediate components. Likewise,
any two components so associated can also be viewed as being "operably connected", or
"operably coupled", to each other to achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "operably
couplable”, to each other to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically mateable and/or physically
interacting components and/or wirelessly interactable and/or wirelessly interacting
components and/or logically interacting and/or logically interactable components.

It will be understood by those skilled in the art that terms used herein, and
especially in the appended claims are generally intended as "open" terms. In general, the
terms "including" or “includes” should be interpreted as "including but not limited to" or
“includes but is not limited to”, respectively. Additionally, the term "having" should be
interpreted as "having at least".

The use of plural and/or singular terms within the detailed description can be
translated from the plural to the singular and/or from the singular to the plural as is
appropriate to the context and/or the application.

It will be further understood by those skilled in the art that if an indication of
the number of clements is used in a claim, the intent for the claim to be so limited will be
explicitly recited in the claim, and in the absence of such recitation no such intent is
present. Additionally, if a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should typically be

interpreted to mean “at least” the recited number.

"non " o<

The use of the terms "an embodiment,” "one embodiment," “some

2% ¢

embodiments,” “another embodiment,” or "other embodiments" in the specification may
mean that a particular feature, structure, or characteristic described in connection with one
or more embodiments may be included in at least some embodiments, but not necessarily

2% ¢

in all embodiments. The various uses of the terms “an embodiment,” “one embodiment,”
“another embodiment,” or “other embodiments” in the detailed description are not

necessarily all referring to the same embodiments.
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While certain exemplary techniques have been described and shown herein
using various methods and systems, it should be understood by those skilled in the art that
various other modifications may be made, and equivalents may be substituted, without
departing from claimed subject matter or spirit thereof. Additionally, many modifications
may be made to adapt a particular situation to the teachings of claimed subject matter
without departing from the central concept described herein. Therefore, it is intended that
claimed subject matter not be limited to the particular examples disclosed, but that such
claimed subject matter also may include all implementations falling within the scope of

the appended claims, and equivalents thereof.
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CLAIMS

What is claimed is:
1. A magnetic tunneling junction, comprising

a free magnetic layer;

a fixed magnetic layer; and

a tunneling barrier layer disposed between the free magnetic layer and the fixed
magnetic layer;

wherein the fixed magnetic layer has a smaller surface area than the surface area of
the free magnetic layer.
2. The magnetic tunneling junction of claim 1, wherein the fixed magnetic layer is
shaped to concentrate current density within the free magnetic layer
3. The magnetic tunneling junction of claim 1, wherein the fixed magnetic layer is
positioned to concentrate current density within the free magnetic layer.
4. The magnetic tunneling junction of claim 1, wherein the free magnetic layer is
substantially oval and has a length and a width, and wherein the fixed magnetic layer
extends as a stripe adjacent the free magnetic layer along the free magnetic layer length.
5. The magnetic tunneling junction of claim 1, wherein the free magnetic layer is
substantially oval and has a length and a width, and wherein the fixed magnetic layer
extends as a stripe adjacent the free magnet layer along the free magnetic layer width.
6. The magnetic tunneling junction of claim 1, wherein the free magnetic layer is
substantially oval and has a periphery, and wherein the fixed magnetic layer is adjacent the
free magnetic layer as a ring around the free magnetic layer periphery.
7. The magnetic tunneling junction of claim 1, wherein the free magnetic layer is
substantially oval and has a periphery, and wherein the fixed magnetic layer is
substantially circular.
8. A spin transfer torque element, comprising

a free magnetic layer electrode;

a free magnetic layer adjacent the free magnetic layer electrode;

a fixed magnetic layer;

a tunneling barrier layer disposed between the free magnetic layer and the fixed
magnetic layer; and

a fixed magnetic layer electrode adjacent the fixed magnetic layer;

wherein the fixed magnetic layer and the fixed magnetic layer electrode have a

similar surface area which is smaller than the surface area of the free magnetic layer.
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9. The spin transfer torque element of claim 8, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are shaped to concentrate current density within the free
magnetic layer

10.  The spin transfer torque element of claim 8, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are positioned to concentrate current density within the
free magnetic layer.

11.  The spin transfer torque clement of claim 8, wherein the free magnetic layer is
substantially oval and has a length and a width, and wherein the free magnetic layer and
the free magnetic layer electrode extend as a stripe adjacent the free magnetic layer along
the free magnetic layer length.

12.  The spin transfer torque element of claim 8, wherein the free magnetic layer is
substantially oval and has a length and a width, and wherein the free magnetic layer and
the free magnetic layer electrode extend as a stripe adjacent the free magnet layer along
the free magnetic layer width.

13.  The spin transfer torque element of claim 8, wherein the free magnetic layer is
substantially oval and has a periphery, and wherein the fixed magnetic layer and the fixed
magnetic layer electrode are adjacent the free magnetic layer as a ring around the free
magnetic layer periphery.

14.  The spin transfer torque element of claim 8, wherein the free magnetic layer is
substantially oval and has a periphery, and wherein the fixed magnetic layer and the fixed
magnetic layer electrode are substantially circular.

15. A non-volatile memory device, comprising:

a fixed magnetic layer electrode electrically connected to a bit line;

a fixed magnetic layer adjacent the fixed magnetic layer electrode;

a free magnetic layer electrode adjacent a free magnetic layer, wherein the free
magnetic layer and the free magnetic layer electrode have a smaller surface area than the
surface area of the free magnetic layer;

a tunneling barrier layer deposed between the fixed magnetic layer and the free
magnetic layer; and

a transistor electrically connected to the lower electrode, a source line, and a word
line.

16.  The non-volatile memory device of claim 15, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are shaped to concentrate current density within the free
magnetic layer

13-
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17.  The non-volatile memory device of claim 15, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are positioned to concentrate current density within the
free magnetic layer.

18. A non-volatile memory device, comprising:

a fixed magnetic layer electrode;

a fixed magnetic layer adjacent the fixed magnetic layer electrode;

a free magnetic layer electrode adjacent a free magnetic layer and electrically
connected to a bit line, wherein the free magnetic layer and the free magnetic layer
electrode have a smaller surface area than the surface area of the free magnetic layer;

a tunneling barrier layer deposed between the fixed magnetic layer and the free
magnetic layer; and

a transistor electrically connected to the fixed magnetic layer electrode, a source
line, and a word line.

19.  The non-volatile memory device of claim 18, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are shaped to concentrate current density within the free
magnetic layer

20.  The non-volatile memory device of claim 18, wherein the fixed magnetic layer and
the fixed magnetic layer electrode are positioned to concentrate current density within the

free magnetic layer.
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