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1
MRAM STORAGE DEVICE

BACKGROUND

The present invention relates generally to random access
memory for data storage. More specifically, the present
invention relates to a magnetic random access memory
device that includes improved unidirectional elements to
limit leakage current within the array.

Magnetic random access memory (MRAM) is a non-
volatile memory that shows considerable promise for long-
term data storage. Performing read and write operations on
MRAM devices are much faster than performing read and
write operations on conventional memory devices such as
DRAM and flash and order of magnitude faster than long-
term storage device such as hard drives. In addition, the
MRAM devices are more compact and consume less power
than other conventional storage devices.

A typical MRAM device includes an array of memory
cells. Word lines extend across rows of the memory cells and
bit lines extend along columns of the memory cells. Each
memory cell is located at a cross point of a word line and a
bit line.

A memory cell stores a bit of information as an orientation
of magnetization. The magnetization of each memory cell
assumes one of two stable orientations at any given time.
These two stable orientations, parallel and anti-parallel,
represent logic values of “0” and “1”.

The magnetization orientation effects the resistance of a
memory cell such as a spin-tunnelling device. For instance,
resistance of a memory cell is a first value R if the magne-
tization orientation is parallel and resistance of the memory
cell is increased to a second value R+AR if the magnetiza-
tion orientation is changed from parallel to anti-parallel. The
magnetization orientation of a selected memory cell and,
therefore, the logic state of the memory cell may be read by
sensing the resistance state of the memory cell. The memory
cells thus form a memory array of resistive cross points.

Applying a voltage to a selected memory cell and mea-
suring a sense current that flows through the memory cell
one may sense the resistance state. Ideally, the resistance
would be proportional to the sense current.

Sensing the resistance state of a single memory cell in an
array, however, can be unreliable. All memory cells in the
array are coupled together through many parallel paths. The
resistance seen at one cross points equals the resistance of
the memory cell at that cross point in parallel with resis-
tances of memory cells in the other rows and columns of the
array.

Moreover, if the memory cell being sensed has a different
resistance due to the stored magnetization, a small differ-
ential voltage may develop. This small differential voltage
can give raise to a parasitic current, which is also known as
leakage current. The parasitic or leakage current becomes
large in a large array and, therefore, can obscure the sense
current. Consequently, the parasitic current can prevent the
resistance from being sensed.

Unreliability in sensing the resistance state is com-
pounded by many factoring variations, variations in operat-
ing temperatures, and aging of the MRAM devices. These
factors can cause the average value or resistance in the
memory cell to vary.

The prior art has attempted to reduce leakage current
through various designs. One approach involves adding a
unidirectional element, such as a diode, to limit the current
path in one direction. FIG. 1 illustrates such an embodiment.
A MRAM device 1 comprises several rows 2 (bit lines) and
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columns 3 (word lines) which form an array having several
cross points 4. At each cross point 4 a memory cell 5 is
provided. Further, at each cross point 4, a diode 6 being
connected to the memory cell 5 is provided. The memory
cell 5, together with the diode 6, forms a conductive path
between one row 2 and one column 3. The diode 6 limits
current flow in one direction.

In order to achieve low leakage currents, the quality of the
diodes 6 must be very high. However, high quality diodes
are difficult to produce. In particular diodes being manufac-
tured using polysilicon deposition processes are known as
leaky diodes.

Accordingly, there is a need to provide a MRAM storage
device having isolation diodes which show only a very small
leakage current.

SUMMARY

According to one embodiment of the present invention, a
MRAM storage device comprises a substrate on/above of
which a plurality of word lines, a plurality of bit lines, a
plurality of memory cells, and a plurality of vertical access
devices are provided. Each memory cell forms a resistive
cross point of one word line and one bit line, respectively.
Further, each memory cell is connected to one vertical
access device such that a unidirectional conductive path is
formed from a word line to a bit line via the corresponding
memory cell (and via the respective diode), respectively. The
substrate, at least a part of the word lines or at least a part
of the bit lines, (at least parts of ) the vertical access device
are realized as one common monocrystal semiconductor
block.

“Vertical access device” means any device that is
arranged such that the direction of the current flow passing
through the access device is vertical. In one embodiment, the
vertical access device is an isolation diode. However, other
access devices like vertical MOS devices (the gate being a
ring around the pillar), JFETs (Junction FET), bipolar tran-
sistors or thyristors, Schottky diodes etc., could be used. For
sake of simplicity, in the following description, the invention
is discussed by way of example, the vertical access device
being an isolation diode. However, the invention is not
restricted to this example.

In one embodiment of the invention, the isolation diodes
are not separately formed on a substrate using deposition
processes, but formed within a monocrystal semiconductor
wafer (“integrated” into the monocrystal semiconductor
wafer). This means that a first part of a structured wafer
constitutes the substrate, second parts of the structured wafer
constitute the isolation diodes, and third parts of a structured
wafer constitute word lines or bit lines. Since the quality of
monocrystal semiconductor devices are very high, leakage
currents can be prevented very effectively.

In one embodiment, each memory cell together with its
corresponding isolation diode form a pillar extending per-
pendicular to the directions of the word lines and the bit
lines. An upper part of each pillar may be constituted by the
memory cell, and a lower part of each pillar may be
constituted by the isolation diode.

In one embodiment, the word lines comprise both read
word lines and write word lines. Each memory cell together
with its corresponding isolation diode may form a pillar
extending perpendicular to the directions of the word lines
and the bit lines, wherein the pillars are provided on the read
word lines. An upper part of each pillar may be constituted
by a memory cell, and a lower part of each pillar may be
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constituted by an isolation diode, wherein the isolation
diodes contact the read word lines.

The write word lines may show different horizontal
positions than the read word lines, and overlapping vertical
positions with respect to the vertical positions of the
memory cells, so that each memory cell is sandwiched by
two write word lines being electrically isolated from the
memory cells.

The write word lines may also be located above the
memory cells and show different horizontal positions than
the read word lines. Alternatively, the write word lines may
be located above the memory cells and show the same
horizontal positions than the read word lines.

In a further embodiment, additional read word lines that
show different horizontal positions than the read word lines,
and that show overlapping vertical positions with respect to
the vertical positions of the memory cells may be provided,
so that each memory cell is sandwiched by two read word
lines.

The conductive types of respective semiconductor regions
may be chosen such that junctions between the substrate and
read word lines being provided on the substrate from diodes,
respectively. Those diodes serve to isolate the read word
lines (which are realized as semiconductor regions) from the
substrate.

One embodiment of the invention further provides a
method for fabricating a MRAM storage device.

The method includes, implanting a laminated structure
into a part of a monocrystal semiconductor wafer of a first
conductive type, said laminated structure comprising a bot-
tom layer of a second conductive type, a middle layer of the
second conductive type and a top layer of the first conduc-
tive type, structuring the laminated structure at least to a
depth corresponding to the bottom of the bottom layer to
partition the laminated structure into a plurality of parallel
stripes extending in a first horizontal direction, and struc-
turing the stripes at least to a depth corresponding to the
bottom of the middle layer to partition each stripe into a
plurality of vertically extending pillars, each pillar compris-
ing a part of the top layer and a part of the middle layer,
wherein each junction between a part of the top layer and a
part of the middle layer within a pillar constitutes one of the
isolating diodes.

The spaces between the pillars may be filled with an
isolating material.

Then the memory cells may be provided onto the isolating
diodes. Further, word lines/bit lines may be provided on/ad-
jacent to/above the memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate the embodiments of the present invention
and together with the description serve to explain the
principles of the invention. Other embodiments of the
present invention and many of the intended advantages of
the present invention will be readily appreciated as they
become better understood by reference to the following
detailed description. The elements of the drawings are not
necessarily to scale relative to each other. Like reference
numerals designate corresponding similar parts. The con-
ductive types of all semiconductor areas in all embodiments
may be inversed.

FIG. 1 illustrates a schematic drawing of a MRAM
storage device according to the prior art.
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FIG. 2 illustrates a first production step of a MRAM
storage device fabricating method according to the present
invention.

FIG. 3 illustrates a second production step of a MRAM
storage device fabricating method according to the present
invention.

FIG. 4 illustrates a fourth production step of a MRAM
storage device fabricating method according to the present
invention.

FIG. 5 illustrates a first embodiment of a MRAM storage
device according to the present invention.

FIG. 6 illustrates a second embodiment of a MRAM
storage device according to the present invention.

FIG. 7 illustrates a third embodiment of a MRAM storage
device according to the present invention.

FIG. 8 illustrates a fourth embodiment of a MRAM
storage device according to the present invention.

DETAILED DESCRIPTION

In the following Detailed Description, reference is made
to the accompanying drawings, which form a part hereof,
and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bot-
tom,” “front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described.
Because components of embodiments of the present inven-
tion can be positioned in a number of different orientations,
the directional terminology is used for purposes of illustra-
tion and is in no way limiting. It is to be understood that
other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope
of the present invention is defined by the appended claims.

In the following description, making reference to FIGS.
2-4, one embodiment of the MRAM storage device fabri-
cating method according to the present invention will be
given.

As it is illustrated in FIG. 2, a laminated structure 10 is
implanted into a part of a monocrystal semiconductor wafer
11 of a first conductive type. The laminated structure 10
comprises a bottom layer 12 (n*-type), a middle layer 13
(n"-type), and a top layer 14 (p*-type). The semiconductor
wafer 11 is of the p~-type. The laminated structure 10 may
for example be generated by respective doping processes.

Then, as illustrated in FIG. 3, the laminated structure 10
is structured by using for example etching processes such
that a plurality of parallel stripes 15 are obtained, which
extend in a first horizontal direction, H1, respectively. The
structuring depth is chosen such that resulting trench depths
between the parallel stripes 15 reach to at least the vertical
position of the bottom of the bottom layer 12 (the lower
surface of the bottom layer 12), so that the parallel stripes 15
are only connected via a substrate 16 (the remaining part of
the semiconductor wafer 11 below the laminated structure
10) with each other.

Then, as illustrated in FIG. 4, the parallel stripes 15 are
structured at least to a depth corresponding to the bottom of
the middle layer 13 (the upper surface of the bottom layer
12) to partition each stripe 15 into a plurality of vertically
extending pillars 17, wherein each pillar 17 comprises a part
of the top layer 14 and a part of the middle layer 13, and
wherein each junction 18 between the corresponding part of
the top layer 14 and the corresponding part of the middle
layer 13 within one pillar 17 constitutes one isolating diode.
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The space between the pillars 17/between stripes RWL (read
word lines) of the bottom layer 12 which extend in the first
horizontal direction HI may be filled with a suitable mate-
rial, for instance with an insulating material.

The insulating diodes formed at each junction 18 within
the pillars 17 are monocrystal semiconductor diodes that
show good properties with respect to leakage current pre-
vention and can be fabricated very accurately since available
methods for structuring monocrystal semiconductor blocks
are very accurate. The remaining stripes of the bottom layer
12 are used as read word lines and are isolated from the
substrate 16 since a junction 19 between the bottom of the
stripes of the bottom layer 12 and the upper surface of the
substrate 16 forms an isolating diode. It can be said that the
substrate 16, the read word lines RWL as well as the
isolation diodes (pillars 17) are realized as one common
monocrystal semiconductor block (parts of the original
wafer 11).

The arrangement illustrated in FIG. 4 serves as a “basis”
of the embodiments of an MRAM storage device according
to the embodiment of the present invention illustrated in
FIGS. 5-8.

In FIG. 5, several memory cells 5 are provided, wherein
each memory cell 5 shows a pillar-like form. A lower surface
of the memory cell 5 contacts an upper surface of the top
layer 14 of each isulating diode (pillar 17). An upper surface
of each memory cell 5 contacts a bit line BL, said the bit
lines BL. extending along a second horizontal direction H2
which is perpendicular to the first horizontal direction H1.
Each memory cell 5 constitutes, together with its corre-
sponding isolation diode (pillar 17) a common pillar extend-
ing perpendicular to the directions of the word lines and the
bit lines, wherein the pillars are located on the read word
lines RWL. That is, an upper part of each common pillar is
constituted by the memory cell 5, and a lower part of each
pillar is constituted by the isolation diode (pillar 17),
wherein the isolation diodes (pillars 17) contact the read
word lines RWL.

In FIG. 5, also write word lines SWWL are shown having
different horizontal positions than the read word lines RWL,
and having overlapping vertical positions with respect to the
vertical positions of the memory cells 5, so that each
memory cell 5 is sandwiched by two write word lines
SWWL being electrically isolated from the memory cells 5.

As illustrated in FIG. 6, the write word lines SWWL may
also be located above the memory cells 5 as well as above
the bit lines BL and show horizontal positions being differ-
ent from that of the read word lines RWL.

Alternatively, the horizontal positions of the write word
lines SWWL may be identical to the horizontal positions of
the read word lines RWL as illustrated in FIG. 7.

The use of the write word lines results from the fact that
the resistance of the read word lines RWL is relatively high.
Therefore, in order to read the magnetization state of one
memory cell 5, the read word lines RWL are used, whereas
the write word lines SWWL are used to write magnetization
states into the memory cells 5, that is, to change their
magnetization state. To change the magnetization state of a
memory cell 5, a current flows through the write word lines
SWWL, thereby generating a magnetic field. The magnetic
fields of the two write word lines SWWL sandwiching a
respective memory cell 5 are used to change the magneti-
zation state of said memory cell 5. The use of two different
kinds of word lines reduces the power consumption of the
MRAM device, since the electrical resistance of the write
word lines SWWL is low compared to that of the read word
lines RWL.
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FIG. 8 illustrates a very similar arrangement compared to
that of FIG. 5. The only difference is that additional read
word lines ARWL are used that show different horizontal
positions than that of the read word lines RWL. Further, the
additional read word lines ARWL show overlapping vertical
positions with respect to the vertical positions of the
memory cells 5, so that each memory cell is sandwiched by
two additional write word lines being electrically connected
to the memory cells. Each memory cell 5 may be electrically
connected to one or two ARWLs, respectively. The material
of the ARWLs may, for example, consist of dope silocon.
The use of additional read word lines ARWL reduces the
power consumption of the MRAM storage device.

In the following description, further aspects of the inven-
tion will be discussed.

As has become apparent, the present invention describes
how to build a 4F> MRAM cell that includes a diode
integrated into the silicon substrate.

A MRAM memory cell can be divided into two parts: a)
a diode which can be considered as the select device as it
allows the selection of a particular memory cell within the
memory cell matrix by applying appropriate voltage levels
on row control wires and column control wires, and b) a
memory cell (MTJ) that is placed on top of the diode. The
present invention describes a possibility to realize the diode
as well as the memory cell on a very small area.

The circuit of FIG. 1 illustrates diodes to prevent leakage
currents (I,,,,) and improve signal/noise ratios. In order to
fully suppress 1,,,,, two conditions must be fulfilled:

a) All diodes, except the selected one has to be set into a
forward polarization mode. This means that all unselected
rows must have an applied voltage as low as possible and
must have a positive voltage in order to backward bias all the
unselected diodes. The selected row should have an applied
positive voltage that remains lower than the voltage on
unselected columns, and the selected column must have a
voltage lower than the voltage of the selected row in order
to forward bias the (unique) selected diode.

b) The diodes must not leak when being polarized in a
backward mode.

If conditions a) and b) are fulfilled, the current that flows
from a row driver to a column sink will have a maximum
signal/noise ratio depending only of the parasitic elements
along the corresponding conductive path and the informa-
tion that is stored into the MTJ (memory cell).

Known MRAM storage devices (see for instance docu-
ment U.S. 2003/0185038) show layout structures that
include memory cells (MTJ) and diodes over metallizations.
However, in order to produce such MRAM storage devices,
diodes have to be built using polysilicon deposition pro-
cesses, which means that very leaky diode devices are
produced which do not fulfil condition b). The efficiency of
storing/writing processes may be very moderate since leak-
age effects of several thousands of diodes could influence the
read/write signal.

As illustrated in FIG. 2, a p* layer has been implanted on
the top and of a wafer, and a deep n* layer has been
implanted at the bottom. These two implants are standard
processes in CMOS technology as they are needed to build
p-channel transistors and to prevent latch-up.

A mask is used to define stripes and then to edge the
silicon material of the wafer down to the substrate as
illustrated in FIG. 3. A second mask defines stripes being
perpendicular to the first stripes, and the silicon is etched
down to the n* layer, which results in the arrangement
illustrated in FIG. 4.
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Empty volumes are filled with an insulator such as silicon
dioxide, for example. The insulating filling may be done
twice, after each etching process. Alternatively, the insulator
filling can be down in one step, after the second etching
process. This depends on the capability to properly deposit
insulator material.

As illustrated in FIG. 4, a matrix of pillars is the result,
said pillars being connected together in rows by the n*
remaining stripes (RWL) at the bottom of the structure. Each
of the pillars constitutes a p*/n~ diode made from the silicon
substrate (monocrystal). The electrical characteristics of this
diodes are as good as any (parasitic) diode which “auto-
matically” exists within each p-channel semiconductor
device.

When appropriate voltages (positive) are applied, the
parasitic diode between the n* stripes and the grounded
substrate is always backward polarized and is actually a
parasitic capacitor with no effect on the functionality other
than introducing propagation delays. As a consequence, the
n*-stripes can be used as read word lines by the MTJ array.

At best, the diode array dimensions are one active pitch in
each direction. In other words, the diode area with isolation
can be as small as 4F>.

In the following, three possible examples of integrations
of an MTJ device (memory cell) over the newly defined
diode structure are discussed. These examples are not limi-
tative with respect to the present invention and other MTJ
approaches such as rotational switching for instance can be
used as well.

In all examples no polysilicon is needed as there is no
transistor in the cell and as polysilicon is too resistive to
carry the currents needed to program the memory cell.

In one embodiment, splitted write word lines on metal
level (SWWL) are used. The memory cells (MTJ) are built
over the metal and will need a self-aligned “deep wire” to
keep the minimum 2F width on the row direction assuming
that the metal rules are compatible which is normally the
case. That is, the deep wire under the MTJ can be patterned
by using the metal of the splitted write word lines as a mask.

The bit lines are connected to the MTIs and are extending
along the perpendicular direction in the second metal layer.
The column direction pitch can be limited to one metal pitch,
and if the rules of this metal layer are good enough, the 2F
size can be reached as well as on the row direction.

The dimensions of the first example (FIG. 5) can be
realized as small as 4F>, using deep wire and the proposed
diode production process.

As illustrated in FIG. 6, splitted write word lines are used,
wherein the bit lines are still connected to the memory cells
(MTlJs) underneath the SWWL. One advantage of this
embodiment is that there is no need for a deep wire, and the
diode and the MTJ can be etched at the same time (assuming
it is possible to properly etch the silicon and the metallic
elements of the MTJ during the same process steps). The
production process is apparently simpler than that of the first
example, but the SWWLs are much more away from the
MT]J, which means a loss in efficiency during the write
operations. The dimension considerations are the same as
above. In this embodiment, there are less constraints due to
the absence of a deep wire (buried wire).

The example illustrated in FIG. 6 is similar to the second
example except for the write word lines that use the standard
mechanism (directly on top of the MTJ). As far as efficiency
and the conclusions about dimensions are concerned, the
same considerations as above apply.

As the buried n* layer may be resistive and thanks to the
fact that polysilicon remains unused and thus available, the
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electrical properties of the RWL can be easily improved by
adding a poly strap to the n*-RWL,, as indicated in FIG. 8.

The method for manufacturing the array of diodes as
disclosed in the present invention is compatible with several
processes for manufacturing memory cells (MT1J). Another
feature of this manufacturing process is that the new “cross
point” cell does not have any electrical path between bit
lines and write word lines. An immediate consequence is
that there are no ohmic losses through the entire MTJ array
during the write operations. This will allow much larger
matrices and thus more efficient circuit efficiencies.

The process complexity is limited to two metal layers and
thus all the layers from active to the last metal could have
pitches limited to 2F (as on DRAM dedicated processes) and
ensure a true 4F7 area for the memory cell.

Other devices than a diode could be used as access
devices, as long as they are vertical to keep all the cell
density. Similar array arrangements could be done with
vertical MOS devices (the gate being a ring around the
pillar), JFETs, bipolar transistors or thyristors, Schottky
diodes etc.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the
scope of the present invention. This application is intended
to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, it is intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:

1. MRAM storage device comprising:

a substrate;

a plurality of word lines;

a plurality of bit lines;

a plurality of memory cells; and

a plurality of vertical access devices;

wherein each memory cell forms a resistive cross point of

one word line and one bit line, respectively;
wherein each memory cell is connected to one vertical
access device such that a unidirectional conductive path
is formed from a word line to a bit line via the
corresponding memory cell, respectively; and

wherein the substrate, at least a part of the word lines and
at least a part of the vertical access device are realized
as one common monocrystal semiconductor block.

2. The MRAM storage device of claim 1, wherein each
memory cell together with its corresponding vertical access
device constitutes a pillar extending perpendicular to the
directions of the word lines and the bit lines.

3. The MRAM storage device of claim 2, wherein an
upper part of each pillar is constituted by the memory cell,
and a lower part of each pillar is constituted by the vertical
access device.

4. The MRAM storage device of claim 1, wherein the
word lines comprise read word lines and write word lines.

5. The MRAM storage device of claim 4, wherein each
memory cell together with its corresponding vertical access
device constitutes a pillar extending perpendicular to the
directions of the word lines and the bit lines, wherein the
pillars are provided on the read word lines.

6. The MRAM storage device of claim 5, wherein an
upper part of each pillar is constituted by the memory cell,
and a lower part of each pillar is constituted by the vertical
access device, wherein the vertical access devices contact
the read word lines.
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7. The MRAM storage device of claim 4, wherein the
write word lines show different horizontal positions than the
read word lines, and that the write word lines show over-
lapping vertical positions with respect to the vertical posi-
tions of the memory cells, so that each memory cell is
sandwiched by two write word lines being electrically
isolated from the memory cells.

8. The MRAM storage device of claim 4, wherein the
write word lines are located above the memory cells and
show different horizontal positions than the read word lines.

9. The MRAM storage device of claim 4, wherein the
write word lines are located above the memory cells and
show the same horizontal positions than the read word lines.

10. The MRAM storage device of claim 4, wherein
additional read word lines which show different horizontal
positions than the read word lines, and which show over-
lapping vertical positions with respect to the vertical posi-
tions of the memory cells, so that each memory cell is
sandwiched by two write word lines being electrically
connected to the memory cells.

11. The MRAM storage device of claim 4, wherein
junctions between the substrate and read word lines are
directly provided onto the substrate in the form of diodes,
respectively.

12. The MRAM storage device of claim 1, wherein said
vertical access device is an isolation diode.

13. MRAM storage device comprising:

a substrate;

a plurality of word lines;

a plurality of bit lines;

a plurality of memory cells; and

a plurality of vertical access devices;

wherein each memory cell forms a resistive cross point of

one word line and one bit line, respectively;

wherein each memory cell is connected to one vertical

access device such that a unidirectional conductive path
is formed from a word line to a bit line via the
corresponding memory cell, respectively; and
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wherein the substrate, at least a part of the bit lines and at
least a part of the vertical access device are realized as
one common monocrystal semiconductor block.

14. An MRAM storage device comprising:

a substrate;

a plurality of word lines above the substrate;

a plurality of bit lines over the substrate;

a plurality of memory cells over the substrate; and

a plurality of vertical access devices over the substrate;

wherein each memory cell forms a resistive cross point of

one word line and one bit line;

wherein each memory cell is connected to one vertical

access device such that a unidirectional conductive path
is formed from a word line to a bit line via the
corresponding memory cell; and

wherein the substrate, at least part of the word lines, at

least part of the bit lines and at least part of the vertical
access devices are all one common monocrystal semi-
conductor block.

15. The MRAM storage device of claim 14, wherein each
memory cell together with its corresponding vertical access
device constitutes a pillar extending perpendicular to the
directions of the word lines and the bit lines.

16. The MRAM storage device of claim 15, wherein an
upper part of each pillar is constituted by the memory cell,
and a lower part of each pillar is constituted by the vertical
access device.

17. The MRAM storage device of claim 14, wherein the
word lines comprise read word lines and write word lines.

18. The MRAM storage device of claim 17, wherein each
memory cell together with its corresponding vertical access
device constitutes a pillar extending perpendicular to the
directions of the word lines and the bit lines, wherein the
pillars are provided on the read word lines.



