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AN MRAM CELL REQUIRING LOW SWITCHING FIELD 

Field of the Imrentign 

The present invention pertains to magnetic memory 

cells and more specifically to magnetic memory cells 

utilizing a giant magnetoresistive (GMR) ratio to sense 

the states . 

Bac~ground of the· Inyention 

In the past, a variety of magnetic materials and 

15 structures have been utilized to. form magnetoresistive 

materials for nori~volatile memory elements, read/write 

heads for disk drives, and other magnetic type 

applications. One prior magnetor~sistive element utilized 

a magnetoresisti ve mate.rial that has two magnetic layers 

20 separated by a conductor layer. The magnetization vectors 

of the two magnetic layers typically are anti-parallel to 

each other in the absence of any magnetic fields. The 

magnetization vectors of one of the layers points in one 

direction and the magnetization vect.or of ·the· other layer 

25 always: points in the opposite direction. The magnetic 

characteristics of such magnetic materials typically 

require a width greate.r than one micron in order to 

maintain the· or·ientatitm' of the magriet.iz_ation vectors ,.., . 
./'! .. 
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along the width of the cell. The large width requirement 

limits the density of memories utilizing such materials. 

Another type of memory cell uses multi-layer giant 

magnetoresistive materials (GMR) and utilizes dimensions 

5 around one micron, in order to increase density. A 

conductive layer is again disposed between the multi-

layers of magnetic material. In this structure the 

magnetization vectors are parallel to the length of the 

magnetic material instead of the width. In one embodiment 

10 the magnetization vector of one magnetic layer is always 

maintained in one direction while the magnetization vector 

of the second magnetic layer switches between parallel and 

antiparallel to the first vector in order to represent 

both logical "0" and "1" states. This structure is 

15 commonly referred to as a spin valve structure. In 

another embodiment the magnetization vectors of both 

magnetic material layers are always maintained in the same 

direction, with opposite vector directions representing 

logical "0" and "1" states. 

20 Still another type of memory cell uses multi-layer 

giant magnetoresistive materials (GMR} and also utilizes 

dimensions around one micron, in order to increase 

density. In this type of cell a non-conductive layer is 

disposed between the multi-layers of magnetic material. 

25 The magnetization vectors are again parallel to the length 

of the magnetic material instead of the width but sense 

current tunnels through the non-conducting layer from one 

layer of magnetic material to the other, rather than being 
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conducted lengthwise. This structure is commonly referred 

to as a tunneling GMR cell. 

A magnetic random access memory (MRAM) is a non-

volatile memory which basically includes a GMR cell, a 

5 sense line, and a word line. The MRAM employs the GMR 

effect to store memory states. Magnetic vectors in one or 

all of the layers of GMR material are switched very 

quickly from one direction to an opposite direction when a 

magnetic field is applied to the GMR cell over a certain 

10 threshold. According to the direction of the magnetic 

15 

vectors in the GMR ·cell, states are stored, and the GMR 

cell maintains these states even without a magnetic field 

being applied. The states stored in the GMR cell can be 

re.ad by passing a sense current through the cell in a 

sense line and sensing the difference between the 

resistances (GMR ratio) when one or both of the magnetic 

vectors switch. The problem is that in most GMR cells the 

magnetic field required to switch the states of the cell 

is relatively high, which means that relatively high 

20 switching current is required and substantial power is 

expended. This increase in current, or magnetic field, can 

result in a substantial operating power increase, 

especially in large arrays of GMR cells. 

Accordingly, it is highly desirable to provide 

25 magnetic random access memories and memory cells with 

magnetic switching field requirements and without 

substantially altering the GMR ratio or other 

characteristics. 
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It is a purpose of the present invention to provide a 

new and improved ma·gnetic memory cell with decreased 

magnetic switching field. 

It is another purpose of the present invention to 

5 provide a new and improved magnetic memory which will 

consume less power for both reading and writing 

operations. 

10 Summary of the Invention 

The above problems and others are at least partially 

solved and the above purposes and others are realized in a 

low switching field multi""'state, .multi-layer magnetic 

15 memory cell including two layers of magnetic material 

stacked in parallel, overlying relationship and separated 

by a layer of non-magnetic material so as to form a 

portion of a multi-layer magnetic memory cell. The two 

layers of magnetic material are formed so that the width 

20 is less than the length and less than a width of magnetic 

domain walls within the two layers of magnetic material, 

setting a shape anisotropy easy axis along the length 

thereof. Also, at least one of the two layers of magnetic 

material has a magnetic anisotropy generally parallel to 

25 the width of the layers of magnetic material. 

In the low switching field multi-state, multi-layer 

magnetic memory cell, the cell is formed with a shape 

anisotropy generally described by the expression K0sin29 

and a magnetic anisotropy generally described by the 
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expression -K.,sin29, where K,. is a magnetic anisotropy 

energy density, KD is a demagnetization energy density, e 
is an angle between the shape anisotropy easy axis and the 

magnetization vector. Setting the easy axis of magnetic 

5 anisotropy approximately perpendicular to that of the 

shape anisotropy causes the magnetic anisotropy to 

subtract from the shape anisotropy and reduce the cell 

switching field. 

10 

Brief Description of the Drawings 

Referring to the drawings: 

.,.. FIG. 1 is a simplified, greatly enlarged isometric 

15 view of a single layer of magnetic material with decreased 

magnetic switching field in accordance with the present 

invention; 

FIG. 2 is a simplified side view of a multi-layer 

magnetic memory cell incorporating two layers of magnetic 

20 material similar to that illustrated in FIG. 1; 

25 

FIG. 3 is a simplified exploded view of the multi­

layer magnetic memory cell illustrated in FIG. 2; 

FIG. 4 is a graph illustrating characteristics of the 

cell of FIG. 2. 

Description of the Preferred Embodiments 
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Turning now to the drawings, FIG. 1 illustrates, a 

simplified, greatly enlarged isometric view of a single 

layer 5 of magnetic material with decreased magnetic 

switching field in accordance with the present invention. 

5 Layer 5 is generally rectangularly shaped for convenience 

of this explanation and is formed with the easy axis of 

magnetization, represented by magnetic vector 6, along the 

length L and not along the width W. That is, the shape 

anisotropy easy axis is along the length L, which feature 

10 is accomplished by forming the width W smaller than length 

L and also smaller than the width of the magnetic domain 

walls or transition width within layer 5. Consequently, 

magnetic vector 6 cannot be parallel to width W. 

Typically, widths of less than 1.0 to 1.2 microns result. 

15 in such a constraint. Width W is generally less than one 

micron and is as small as can be made by manufacturing 

technology, and length L is greater than width W, 

generally five times or more. 

The shape anisotropy of layer S, represented by 

20 magnetic vector 6, is generally described by the 

expression Kdsin20, and the magnetic anisotropy, 

represented by vector M, is generally described by the 

. . 29 expression -Kmsin . In these expressions, Km is a magnetic 

anisotropy energy density, K0 is a demagnetization energy 

25 density, 0 is an angle between the shape anisotropy easy 

axis and the magnetization vector. It should be noted 

that Km and Kn are constants which are dependent upon the 

type of material utilized in layer 5. Also, the magnetic 

field required to switch magnetic vector 6 from the 
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position illustrated to a position rotated 180°, is 

proportional to an energy barrier expressed generally as 

Kdsin29 - J<.sin29. Setting the easy axis of magnetic 

anisotropy approximately perpendicular to that of the 

5 shape anisotropy causes the magnetic anisotropy to 

subtract from the shape anisotropy and reduce the cell 

switching field. By forming layer 5 with the shape 

anisotropy directed generally perpendicular to the 

magnetic anisotropy the magnetic switching field required 

10 to switch magnetic vector 6 from the position illustrated 

to a position rotated 180° is reduced by at least S to 50 

Oersteds. 

The direction of the magnetic anisotropy _of layer 5 

ca.:n be determined in a variety of ways but the simplest is 

15 t9;· apply a magnetic field to layer 5 during the formation. 

Generally, layer 5 will be formed on a supporting layer or 

substrate by deposition, generally through any of the many 

evaporation techniques presently performed in the 

semiconductor art. That is, a blanket layer of magnetic 

20 material (not shown) is deposited in the presence an 

applied magnetic field directed in a selected direction, 

which in this embodiment is parallel to the width W. 

Through standard patterning and etching techniques 

magnetic layer 5 is formed from the blanket layer with the 

25 shape anisotropy directed generally perpendicular to the 

magnetic anisotropy. It will be understood that since the 

energy density expressions include sine waves, minor 

variations of a few degrees in 6 will still result in the 

cell switching field being reduced. 
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Referring now to FIG. 2, an enlarged, simplified side 

view of a magnetic memory cell 10 having multiple layers 

that are ferromagnetically coupled. Cell 10 includes a 

first magnetic layer 11 and a second magnetic layer 13, 

5 which are separated by a first non-magnetic spacer layer 

12. In this embodiment, each of layers 11 and 13 are 

formed with the shape anisotropy directed generally 

perpendicular to the magnetic anisotropy, as explained 

above with reference to Layer 5. Additionally, layer 11 

10 has a thickness 23 and layer 13 has a thickness 24 that is 

the same as or greater than thickness 23. 

Referring to FIG. 3, an enlarged exploded view of 

cell 10 is illustrated. Portions of FIG. 3 that have the 

same reference numbers as FIG~ 2 are the same as the 

15 corresponding FIG. 2 elements. Layers 11. and 13 are 

generally rectangular and are formed with the easy axis of 

magnetization along a length 27 and not along a width 26, 

that is, the shape anisotropy easy axis is along the 

length 27. Also, layers 11 and 13 each have magnetic 

20 anisotropy generally parallel with width 26. The shape 

anisotropy of layers 11 and 13 is represented by 

magnetization vectors 21 which are positioned 

substantially along length 27, that is, substantially 

parallel to length 27, which feature is accomplished by 

25 forming the width 26 smaller than the width of the 

magnetic domain walls or transition width within layers 11 

and 13. It should be understood that while the shape 

anisotropy is directed generally perpendicular to the 

magnetic anisotropy in each of layers 11 and 13 in this 
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embodiment, an improvement in.the magnetic switching field 

would be realized if only layer 11 or 13 were formed with 

the magnetic anisotropy directed generally perpendicular 

to the shape anisotropy. 

5 As illustrated in FIG. 2, vectors 21 and 22 in layers 

11 and 13 represent two different states of magnetization 

within cell 10. It should be understood that these are 

the same vectors and that they are given different numbers 

only to indicate different states. One state is referred 

10 to as a logic "0" and the other state is a logic "1". 

15 

While it will be understood by those skilled in the art 

that any logic definition can be assigned to either state, 

in this explanation when vectors 21 of layers 11 and 13 

bot:h point to the left in FIG. 2, cell 10 is in a logic 

"0'"· state and when vectors 22 in both layers 11 and 13 are 

in the opposite direction cell 10 is in a logic "1" state. 

Thus, for a first state magnetization vectors in both 

layers 11 and 13 point in a first direction and for a 

second state magnetization vectors in both layers 11 and 

20 13 point in an opposite direction. Also, because layers 

11 and 13 are ferromagnetically coupled (in this 

embodiment) the magnetic vectors of layers 11 and 13 are 

always pointing in the same direction (parallel) when no 

(or a very small) magnetic field is applied to cell 10. 

25 The magnetic vectors are only pointing in opposite 

directions (antiparallel) when specific magnetic fields 

are applied to cell 10, as will be explained in more 

detail presently. 
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It should be understood by those skilled in the art 

that the structure of the present invention can be 

operated with modes other than the ferromagnetic mode, 

which is utilized herein for purposes of explanation only. 

5 Two examples are the antiferromagnetic mode and the spin 

valve mode. In the antiferromagnetic mode, the resting 

states of the two magnetic layers 11 and 13 are either 

clock-wise or anti-clock-wise antiparallel orientations of 

vectors 21 and 22. These two states can be used as logic 

10 "0" and logic "1" states. In the spin valve mode, one of 

the layers 11 and 13 is normally pinned and the other 

layer can be switched to be either parallel or 

antiparallel to the pinned layer. The parallel and 

antiparallel states of vectors 21 and 22 can be used .as 

15 logic "0" and logic "1" states. 

In this specific example, cell 10 is designed with 

layer 13 thinner than layer 11 so that a smaller magnetic 

field will switch the magnetization vectors of layer 13 

than is required to switch the magnetization vectors of 

20 layer 11. Another way to accomplish this design is to 

form layer 11 out of magnetic material that requires a 

higher magnetic field to switch the magnetization vectors. 

The provision of electrically insulating non-magnetic 

layer 12 between ferromagnetic layers 11 and 13 produces a 

25 tunneling junction which allows a flow of current 

perpendicularly through layer 12, from layer 11 to layer 

13 (or vice versa). Essentially, cell 10 appears as a 

relatively high impedance (herein referred to as a 

resistance R), generally several thousand ohms, e.g. 5 to 
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6 kohms. When the magnetization vectors in layers 11 and 

13 are antiparallel the resistance R of cell 10 remains 

very high. When the magnetization vectors in layers 11 

and 13 are parallel, the resistance R of cell 10 drops 

5 perceptibly. The ratio of the high resistance when the 

vectors are antiparallel to the low resistance when the 

vectors are parallel is known as the GMR ratio. The GMR 

ratio is generally used to sense the state of the cell and 

the higher the GMR ratio is the easier it is to sense the 

10 stored state. It should be understood that a tunneling 

15 

junction is described herein for purposes of explanation 

only and the present invention can be used with any of the 

various types of GMR cells. 

Referring specifically to FIG. 4, a graph is 

illustrated showing the resistance of cell 10 versus 

different directions of orientation for the magnetic 

vectors in layers 11 and 13. Also, the direction and 

strength of an applied magnetic field, required to achieve 

the various vector directions is shown. The abscissa of 

20 the graph indicates magnetic field direction and strength 

and the ordinate represents the resistance of cell 10. 

Further, a first curve 32 indicates the cell resistance 

which can be achieved for the application of various 

strengths of a magnetic field in a first direction and 

25 curve 33 indicates the cell resistance which can be 

achieved for the application of various strengths of a 

magnetic field in a second direction. Vectors 34 and 35 

are illustrated with curve 32 and represent the magnetic 

vectors in layers 11 and 13, respectively, for the 
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application of,.~ magnetic field betwe~n values H1 and H2 in 

the positive direction along the abscissa. Similarly, 

vectors 36 and 37 are illustrated with curve 33 an~ 

represent the magnetic vectors in layers 11 and 13, 

5 respectively, for the application of a magnetic field 

between values H3 and H4 in the negative direction along 

the abscissa. 

In a typical submicron cell (e.g. cell 10), the shape 

anisotropy can make the cell switch at a field of 50 

10 Oersteds or so for each magnetic layer in the cell. The 

magnetic anisotropy field ranges from 6 to 40 Oersteds per 

magnetic layer, depending upon the composition of the 

magnetic material. Thus, directing the magnetic 

anisotropy easy axis generally perpendicular to that of 

15 the shape anisotropy so that they .. substan::tially subtract 

results in a substantial reduction in the magnetic 

switching field. Here it should be noted that forming 

layers 11 and 13 as described above, i.e. with the 

magnetic anisotropy easy axis directed generally 

20 perpendicular to that of the shape anisotropy, the values 

along the abscissa of the curves illustrated in FIG. 4 are 

shifted toward the perpendicular axis (i.e. the ordinate) 

by at least 5 to 50 Oersteds while the resistance values, 

represented by the ordinate, remain substantially 

25 constant. It should be understood that since the 

expressions describing the shape anisotropy and the 

magnetic anisotropy include sine waves, minor variations 

of a few degrees in 0 will still result in the cell 

switching field being substantially reduced. 
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Assuming cell 10 is in the state in which vectors 21 

both point to the left, moving to the right along the 

abscissa, the magnetic field increases up to a value H1 • 

Before the value H1 is :r:eached, magnetic vectors 21 are 

5 oriented in the same direction, designated a logic "1", 

and the resistance of cell 10 is low. Upon applying 

sufficient magnetic field to cell 10, herein designated by 

the value H1, vector 35 switches to an opposite direction 

(as shown) and the resistance of cell 10 increases 

10 perceptibly. The amount of this increase is equivalent to 

the GMR ratio. As the magnetic field is increased beyond 

a value H2 vector 34 also switches to an opposite 

direction and the resistance of cell 10 again drops to a 

low·· value with the magnetic vectors now being represented 

15 by:::·vectors 22. Similarly, if the magnetic field is 

applied in the opposite direction curve 33 applies and 

magnetic vector 37 of layer 13 switches at a value H3 and 

the magnetic vector 36 of layer 11 switches at a value H4, 

with the magnetic vectors now being represented by vectors 

20 21. In this embodiment, once the vectors of layers 11 and 

13 are set in the orientation depicted by vectors 21 or 22 

they will remain in that orientation, even after the 

applied magnetic field is removed, until a magnetic field 

sufficiently strong to switch them is applied. 

25 Therefore, in this example and assuming that the 

magnetization vectors of layer 11 are set in the 

orientation indicated by curve 32 (vector 34) the cell can 

be set to a logic "0" (parallel magnetization vectors 

pointing right in FIG. 3) by applying a field with a 
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strength great~;_rthan H2. Also, the ,cell can be set to a 

logic "1" (parallel magnetization vectors pointing left in 

FIG. 3) by applying a magnetic field greater than H4. 

Thus, by reducing the magnetic field strength of H2 and H4 

5 the energy required to write values in cell 10 is 

substantially reduced. 

The following procedure can be used to read stored 

states in magnetic memory cell 10. Assuming that the 

vectors of layers 11 and 13 are set in the orientation 

10 indicated by curve 33 (vectors 22), applying a positive 

magnetic field to cell 10 (either H1 or H2) has no effect, 

which is an indication that the cell has a logic "0" 

stored therein. Conversely, applying a negative magnetic 

field to cell 10 between the values H4·and H3, will cause 

15 the magnetic vector in layer 13 to switch (vectors 36 and 

37) to an antiparallel position and the substantial change 

in resistance of the cell (generally equivalent to the GMR 

ratio) can be detected as described above. In a similar 

fashion, when vectors of layers 11 and 13 are set in the 

20 orientation indicated by curve 32 (vectors 21), applying a 

negative magnetic field to cell 10 (either H3 or H4) has no 

effect indicating that the cell has a logic "1" stored 

therein. Conversely, applying a positive magnetic field 

to cell 10 between the values H1 and H2, will cause the 

25 magnetic vector in layer 13 to switch (vectors 34 and 35) 

to an antiparallel position and the substantial change in 

resistance of the cell is easily detected. 

Thus, by reducing the magnetic field strength of H2 

and H4 the energy required to write values in cell 10 is 
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substantially reduced. Further, by reducing the magnetic 

field strength of H1 anq H2 and of H3 and H4 the energy 

required to read values stored in cell·lO is substantially 

reduced. Since the magnetic fields required for switching 

5 and/or reading are substantially reduced, the cells will 

consume less power. The power saved is especially large 

in large arrays, such as in larger MRAM devices. 

While we have shown and described specific 

embodiments of the present invention, further 

10 modifications and improvements will occur to those skilled 

in the art. We desire it to be understood, therefore, that 

this invention is not limited to the particular forms 

shown and we intend in the appended claims to cover all 

modifications that do not depart from the spirit and scope 

15 of :::t.h.is invention. 
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What is claimed is: 

1. A low switching field multi-state, multi-layer 

magnetic memory cell comprising: 

two layers of magnetic material stacked in parallel, 

overlying relationship and separated by a layer of non-

magnetic material so as to form a portion of a multi-layer 

magnetic memory cell, the two layers of magnetic material 

having a length and a width; 

the width of the two layers of magnetic material 

being less than the length and less than a width of 

magnetic domain walls within the two layers of magnetic 

material setting a shape anisotropy easy axis along the 

length thereof; and 

at least one of the two layers of magnetic material 

having a magnetic anisotropy generally parallel to the 

width of the two layers of magnetic material. 

2. A low switching field multi-state, multi-layer 

20 magnetic memory cell as claimed in claim 1 wherein the two 

layers of magnetic material are separated by a layer of 

non-magnetic material which is electrically conductive. 

3. A low switching field multi-state, multi-layer 

25 magnetic memory cell as claimed in claim 1 wherein the two 

layers of magnetic material are separated by a layer of 

non-magnetic material which is an electrical insulator . 

. ------- ... 

11111111111111 IHll 11111111111 
\P.« '' 

* C L M S * 



5 

WOOl/01419 PCT/US99/14466 

17 
4. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 1 wherein the 

cell is one of an in-plane type and a tunneling type of 

magnetic random access memory. 

5. A low switching field multi-state, multi-layer 

magnetic memory cell including first and second layers of 

magnetic material with a layer of non-magnetic material 

sandwiched therebetween, at least one of the first and 

10 second layers of magnetic material having a shape 

anisotropy generally described by the expression K0sin20 

and a magnetic anisotropy generally described by the 

expression -K.sin20, where K. is a magnetic anisotropy 

en.ergy density, K0 is a demagnetization energy density, and 

15 0 -'is· an angle between the shape anisotropy easy axis and 

20 

the magnetization vector. 

6. A low switching field multi-state, multi-layer 

magnetic memory cell comprising: 

a plurality of layers of magnetic material stacked in 

parallel, overlying relationship and separated by layers 

of non-magnetic material so as to form a multi-layer 

magnetic memory cell having a length and a width; 

the width of the multi-layer magnetic memory cell 

25 being less than the length and less than a width of 

magnetic domain walls within the layers of magnetic 

material setting a shape anisotropy easy axis along the 

length of the multi-layer magnetic memory cell; and 

11111111111111 11111 1111111 1111 
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at least prle of the plurality of .layers of magnetic 

material having an easy axis magnetic anisotropy generally 

parallel to the width of the multi-layer magnetic memory 

cell. 

7. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein at 

least two layers of the plurality of layers of magnetic 

material are separated by a layer of non-magnetic material 

10 which is electrically conductive. 

8. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein:· at 

least two layers of the plurality of layers of magnetic 

15 material are separated by a layer of non-magnetic material 

which is an electrical insulator. 

9. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein the 

20 cell is formed with a shape anisotropy generally described 

by the expression K0sin28 and a magnetic anisotropy 

generally described by the expression -K,.sin28, where K,. is 

a magnetic anisotropy energy density, K
0 

is a 

demagnetization energy density, 9 is an angle between the 

25 shape anisotropy easy axis and the magnetization vector. 

111111111111111111111111111111 
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10. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein the 

cell is one of an in-plane type and a tunneling type of 

magnetic random access memory. 

5 
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.,AMENDED CLAIMS . 
[received by the International Bureau on 14 June 2000 (14.06.00); 

original claims 4 and 10 cancelled; original claims 1, 6 and 9 amended; 
remaining claims unchanged (4 pages)] 
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1. A low switching field multi-state, multi-layer 

magnetic memory cell comprising: 

two layers of magnetic material stacked in parallel, 

overlying relationship and separated by a layer of non-

magnetic material so as to form a portion of a multi-layer 

magnetic memory cell, the two layers of magnetic material 

having a length and a width; 

the width of the two layers of magnetic material being 

less than the length and less than a width of magnetic 

domain walls within the two layers of magnetic material 

setting a shape anisotropy easy axis along the length . 

thereof; and 

at least one of the two layers of magnetic materi:al 

having a magnetic anisotropy generally parallel to the width 

of the two layers of magnetic material, and 

wherein the cell is one of an in-plane type and a 

tunneling type of magnetic random access memory. 

2. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 1 wherein the two 

layers· of magnetic material are separated by a layer of non­

magnetic material which is electrically conductive . 

. I lllllll llllll lllll lllll II llll 
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3. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 1 wherein the two 

layers of magnetic material are separated by a layer of non-

magnetic material which is an electrical insulator. 

4. A low switching field multi-state, multi-layer 

magnetic memory cell including first and second layers of 

magnetic material with a layer of non-magnetic material 

sandwiched therebetween, at least one of the first and 

second layers of magnetic material having a shape anisotropy 

generally described by the expression Kosin20 and a magnetic 

anisotropy generally described by the expression -~sin20, 

where ~ is a magnetic anisotropy energy density, K0 is a 

demagnetization energy density, and 0 is an angle between 

the ·shape anisotropy easy axis and the magnetization vector. 

11111111111111 11111 1111111 1111 
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5. A low switching field multi-state, multi-layer 
·'.' .·· 

magnetic memory cell comprising: 

a plurality of layers of magnetic material stacked in 

parallel, overlying relationship and separated by layers of 

non-magnetic material so as to form a multi-layer magnetic 

memory cell having a length and a width; 

the width of the multi-layer magnetic memory cell being 

less than the length and less than a width of magnetic 

domain walls within the layers of magnetic material setting 

a shape anisotropy easy axis along the length of the multi-

layer magnetic memory cell; and 

at least one of the plurality of layers of magnetic 

material having an easy axis magnetic anisotropy generally 

parallel to the width of the··multi-layer magnetic memory 

cell, and 

wherein the cell. is one of an in-plane type and a 

tunneling type of magnetic random access memory. 

6. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein at least 

two layers of the plurality of layers of magnetic material 

are separated by a layer of non-magnetic material which is 

electrically conductive. 

' 111111111111111111111111111111. 
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7. A low switching field multi-state, multi-layer 

magnetic memory cell as claimed in claim 6 wherein at least 

two layers of the plurality of layers of magnetic material 

are separated by a layer of non-magnetic material which is 

an electrical insulator. 

8. A low switching field multi-state, multi-layer 

magnetic memory cell comprising: 

a plurality of layers of magnetic material stacked in 

parallel, overlying relationship and separated by layers of 

non-magnetic material so as to form a multi-layer magnetic 

memory cell having a length and a width: 

the width of the multi-layer magnetic memory cell being 

less·· -than the length and less than a width of magnetic 
... 

domain walls within the layers of magnetic material setting 

a shape anisotropy easy axis along the length of the multi-

layer magnetic memory cell; and 

at least one of the plurality of layers of magnetic 

material having an easy axis magnetic anisotropy generally 

parallel to the width of the multi-layer magnetic memory 

cell, and 

wherein the cell is formed with a shape anisotropy 

generally described by the expression Kx,sin20 and a magnetic 

anisotropy generally described by the expression -K.nsin20, 

where K.n is a magnetic anisotropy energy density, K0 is a 

demagnetization energy density, 0 is an angle between the 

shape anisotropy easy axis and the magnetization vector. 
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