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(57) ABSTRACT 

The method for manufacturing a data storage device is 
disclosed. The device has a plurality of Word lines, a 
plurality of bit lines, and a resistive crosspoint array of 
memory cells. Each memory cell is connected to a bit line 
and connected to an isolation diode that further connects to 
a respective Word line. The isolation diode provides a 
unidirectional conductive path from the bit line to the Word 
line. Each Word line provides a common metal-semiconduc 
tor contact With each diode sharing the Word line such that 
each diode has a separate metal contact located betWeen the 
semiconductor portion of the common metal-semiconductor 
contact and its respective memory cell. 
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METHOD OF MANUFACTURE FOR IMPROVED 
DIODE FOR USE IN MRAM DEVICES 

[0001] This application is a divisional application of US. 
application Ser. No. 10/098,206 ?led Mar. 15, 2002 in the 
United States Patent and Trademark Office. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to random 
access memory for data storage. More speci?cally, the 
present invention relates to a magnetic random access 
memory device that includes improved unidirectional ele 
ments to limit leakage current Within the array. 

[0003] Magnetic random access memory (“MRAM”) is a 
non-volatile memory that shoWs considerable promise for 
long-term data storage. Performing read and Write opera 
tions 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 devices such as hard drives. In addition, 
the MRAM devices are more compact and consume less 
poWer than other conventional storage devices. 

[0004] 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 crosspoint of the Word line 
and a bit line. 

[0005] A memory cell stores a bit of information as an 
orientation of a magnetiZation. The magnetiZation of each 
memory cells 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”. 

[0006] The magnetiZation orientation affects the resistance 
of a memory cell such as a spin-tunneling device. For 
instance, resistance of a memory cell is a ?rst value R if the 
magnetiZation orientation is parallel and resistance of the 
memory cell is increased to a second value R+AR if the 
magnetiZation 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 crosspoints. 

[0007] Applying a voltage to a selected memory cell and 
measuring a sense current that ?oWs through the memory 
cell one may sense the resistance state. Ideally, the resistance 
Would be proportional to the sense current. 

[0008] 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 crosspoint equals the resistance of 
the memory cell at that crosspoint in parallel With resis 
tances of memory cells in the other roWs and columns of the 
array. 

[0009] Moreover, if the memory cell being sensed has a 
different resistance due to the stored magnetiZation, a small 
differential voltage may develop. This small differential 
voltage can give rise to a parasitic or “sneak path” current, 
Which is also knoWn as a leakage current. The parasitic or 
leakage current becomes large in a large array and, therefore, 
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can obscure the sense current. Consequently, the parasitic 
current can prevent the resistance from being sensed. 

[0010] Unreliability in sensing the resistance state is com 
pounded by manufacturing variations, variations in operat 
ing temperatures, and aging of the MRAM devices. These 
factors can cause the average value of resistance in the 
memory cell to vary. 

[0011] The prior art has attempted to reduce, if not actually 
eliminate 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. The memory cell 4 includes 
a diode 6 to limit current How in the direction dictated by the 
diode 6. When a sense current is applied as shoWn in FIG. 
1, the current actually measured by the sense ampli?er is the 
sense current I_s ?oWing through the intended cell 4, and the 
leakage current I_leak, Which ?oWs through several other 
memory cell/diode pairs. This additional leakage current 
reduces the operating range of the sense ampli?er. Further, 
as the siZe of the memory array increases, the leakage 
current dominates the sense signal, reducing even more the 
operating range of the sense ampli?er. Additionally, noise 
increases in the sensing ampli?er because of the leakage 
current paths. 

[0012] Accordingly, there is a need to be able to reduce, if 
not eliminate, leakage current that eXists When diodes are 
utiliZed. What is further needed is a method of manufactur 
ing an MRAM device having such diodes that reduces costs 
and improves performance by reducing or eliminating leak 
age current through the diodes Within the device. 

SUMMARY OF THE INVENTION 

[0013] According to the present invention, a process of 
making a data storage device, comprises; forming a 
plurality of Word lines, each Word line comprising a metal 
trace; (ii) forming an amorphous semiconductor layer on 
each of the Word lines; (iii) forming a plurality of metal 
contacts on each of the amorphous semiconductor layers, 
each of the plurality of contacts isolated from one another 
and resulting in a common metal-semiconductor contact for 
each Word line; (iv) forming a magneto-resistive memory 
cell on each of the plurality of metal contacts, thereby 
forming a unidirectional conductive path from the memory 
cell to its corresponding Word line; and (v)forming a plu 
rality of bit lines comprising a metal trace such that each bit 
line is connected to a portion of the memory cells thereby 
forming a conductive path from the bit line to the Word line 
through each shared memory cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 depicts a prior art schematic diagram of a 
sense operation on a selected memory cell and hoW leakage 
current affects the sense current. 

[0015] FIG. 2 is a top vieW of a solid-state memory that 
includes an array of magnetic storage cells and an array of 
conductors that enable read and Write access to the magnetic 
storage cells. 

[0016] FIGS. 3Ll-3b illustrate the storage of a data bit in a 
magnetic storage cell. 

[0017] FIG. 4a is a cross-sectional vieW AA that shoWs a 
series of materials Which are initially deposited onto a 
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substrate and Which are subsequently formed into conduc 
tors and magnetic storage cells. 

[0018] FIG. 4b is a cross-sectional vieW AA that illus 
trates patterning of the material shoWn in FIG. 3a. 

[0019] FIG. 4c is a cross-sectional vieW AA that shoWs a 
thin layer of protective dielectric that covers the sides of the 
patterned stacked structures and the exposed area of the 
substrate. 

[0020] FIG. 4a' is a cross-sectional vieW BB that shoWs a 
conductor material and top conductor photo-resist deposited 
over the stacked structures and the protective dielectric. 

[0021] FIG. 46 is a cross-sectional vieW BB that shoWs the 
results of a milling step Which stops before the strip of 
pinned magnetic ?lm. 

[0022] FIG. 5 shoWs an arrangement for reading a mag 
netic storage cell. 

DETAILED DESCRIPTION 

[0023] Reference Will noW be made to the exemplary 
embodiments illustrated in the draWings, and speci?c lan 
guage Will be used herein to describe the same. It Will 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended. Alterations and further 
modi?cations of the inventive features illustrated herein, and 
additional applications of the principles of the inventions as 
illustrated herein, Which Would occur to one skilled in the 
relevant art and having possession of this disclosure, are to 
be considered Within the scope of the invention. 

[0024] As shoWn in the draWings for purposes of illustra 
tion, the present invention is embodied in a magnetic ran 
dom access memory device. The MRAM device includes an 
array of memory cells and a read-Write circuit for reading or 
Writing data from the memory cells. The read circuit, Which 
includes equipotential application devices and differential 
sensing ampli?ers, can reliably sense different resistance 
states of selected memory cells Within the array. The Write 
circuit can selectively sWitch individual bits in the array 
from one memory state to another. 

[0025] FIG. 2 is a top vieW of a solid-state memory 130, 
Which includes an array of magnetic storage cells 40-50. The 
solid-state memory 130 also includes an array of conductors 
20-28 that enable read and Write access to the magnetic 
storage cells 40-50. The magnetic storage cells 40-50 use 
magnetic ?elds to store information. Each of the magnetic 
storage cells 40-50 enables storage of a corresponding bit of 
information Which may be referred to as a data bit. 

[0026] The magnetic storage cells 40-50 and the conduc 
tors 20-28 are formed onto a substrate 10. The conductors 
20-28 are arranged as a set of top conductors 26-28 and an 
orthogonal set of bottom conductors 20-24. Each of the 
magnetic storage cells 40-50 has rectangular dimensions dX, 
and dy Which are de?ned by the Widths of the bottom 
conductors 20-24 and the Widths of the top conductors 
26-28, respectively. 

[0027] FIGS. 3a-3b illustrates the storage of a data bit in 
the magnetic storage cell 42. The magnetic storage cell 42 
includes a magnetic ?lm 60 and a magnetic ?lm 64 Which 
are separated by a dielectric region 62. The structure and the 
functionality of the remaining storage cells 40-50 are sub 
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stantially similar to that of the magnetic storage cell 42. The 
orientation of magnetiZation in the magnetic ?lm 60 is 
shoWn as M1 and the orientation of magnetiZation in the 
magnetic ?lm 64 is shoWn as M2. 

[0028] One of the magnetic ?lms 60 and 64 has a ?Xed 
orientation of magnetiZation and serves as a reference layer 
While the other has a non-?Xed orientation of magnetiZation. 
The magnetic ?lm 60 or 64 having a non-?Xed orientation of 
magnetiZation is the active magnetic ?lm of the magnetic 
storage cell 42, also referred to as the data layer. The data 
layer rotates its orientation of magnetiZation in response to 
electrical signals applied to the conductors 22 and 26 during 
Write operations to the magnetic storage cell 42. In one 
embodiment, a ?rst logic state of the data bit stored in the 
magnetic storage cell 42 is indicated When M1 and M2 are 
parallel and a second logic state is indicated When M1 and 
M2 are anti-parallel. 

[0029] In different embodiments, other arrangements of 
magnetic orientations may be employed for storing infor 
mation in the magnetic storage cell 42. TWo different 
MRAM cell structures are possible. One structure has the 
reference layer placed on the top of the stack and forms a top 
spin-valve structure. Another structure has the reference 
layer placed on the bottom of the stack and forms a bottom 
spin-valve structure. The reference layer can be made out of 
either a soft reference layer structure or a pinned FM layer 
structure. When the reference layer is formed of a soft 
magnetic material, the soft reference layer needs to be set by 
applying a current during operation. When the reference 
material is formed of a ferromagnetic (FM) material layer 
With its magnetic ?eld pinned in a certain direction due to 
the presence of an adjacent anti-ferromagnetic (AF M) mate 
rial layer, the pinned FM layer is set once during manufac 
turing and remains that Way permanently for the life of the 
cell. The function of the soft reference layer is the same as 
that of the pinned FM layer. Especially With respect to the 
formation of MTJ-diode structure. 

[0030] In one embodiment, the magnetic ?lm 64 is pinned 
With a ?Xed orientation of magnetiZation M2 While the 
magnetic ?lm 60 has non-?Xed orientation of magnetiZation 
M1. The orientation of magnetiZation M1 in the magnetic 
?lm 60 changes in response to electrical signals applied to 
the conductors 22 and 26 during Write operations to the 
magnetic storage cell 42. 
[0031] FIG. 3a illustrates a “0” logic state of a data bit 
stored in the magnetic storage cell 42. In the “0” logic state 
the orientation of magnetiZation in the magnetic ?lm 60 
(M1) is antiparallel to the orientation of magnetiZation M2 
in the magnetic ?lm 64. FIG. 3b shoWs a “1” logic state for 
magnetic storage cell 42. In the “1” logic state, M1 is 
parallel to M2. The state of the cell may be reversed such 
that the antiparallel orientation is a “1” logic state and the 
parallel state is a “0” logic state. Other variations are 
possible and need not be limited to the state de?nitions 
given. 
[0032] The magnetic storage cell 42 is read by applying a 
voltage potential, Which may be referred to as a read voltage, 
across the conductors 26 and 22. The read voltage causes an 
electrical current, also knoWn as a sense current, to How 
betWeen the magnetic ?lms 60-64 as electrical charge 
migrates through the dielectric region 62 according to a 
phenomenon knoWn as spin tunneling. The storage cell 42 
may be referred to as a spin tunneling storage cell. 
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[0033] The resistance of the magnetic storage cell 42 
differs according to the orientations of M1 and M2. When 
M1 and M2 are antiparallel, the “0” logic state, the resis 
tance of the magnetic storage cell 42 is at its highest. On the 
other hand, the resistance of the magnetic storage cell 42 is 
at its loWest When M1 and M2 are parallel Which corre 
sponds to the “1” logic state. As a consequence, the logic 
state of the data bit stored in the magnetic storage cell 42 can 
be determined by measuring its resistance. The resistance of 
the magnetic storage cell 42 is re?ected by the magnitude of 
the sense current that ?oWs in response to the read voltage 
applied to the conductors 22 and 26. 

[0034] FIGS. 4a-4e illustrate the formation of the array of 
magnetic storage cells 40-50 and the conductors 20-28 on 
the substrate 10. Further, each magnetic storage cell 40-50 
further includes a unidirectional conductor or diode that 
provides bene?ts not previously seen in the prior art. The 
diode is fabricated as a Schottky metal-semiconductor diode 
Wherein the metal portion is preferably formed of Platinum 
(Pt) and the metal portion also serves as the conductors 
20-24 or 26-28, depending upon the array design. In the 
prior art, p-n junctions have been implemented in MRAM 
devices. Further, it is believed that Schottky-metal semicon 
ductor diodes have not been implemented in MRAM devices 
before the present invention. 

[0035] In one embodiment, the substrate 10 is a silicon 
substrate that accommodates the formation of support elec 
tronics for the solid-state memory 130 such as sense ampli 
?er and multipleXor circuitry. The process steps for the 
formation of the magnetic storage cells 40-50 and the 
conductors 20-28 does not require that the substrate 10 be a 
semiconductor material. Further, the order of the process 
steps may be reversed, depending upon the circuit design. 

[0036] FIG. 4a is a cross-sectional vieW AA, Which shoWs 
a series of materials 70-78 that are initially deposited onto 
the substrate 10. A layer of conductor material 70 is depos 
ited onto the substrate 10 and provides a layer of conductive 
material for the formation of the conductors 20-24 Which are 
the bottom conductors for the solid-state memory 130. The 
conductor material 70 is a sheet of conductive material such 
as copper, aluminum, or gold, or alloys of these materials. 

[0037] A semiconducting material 72 is deposited on the 
conductor material 70. The semiconducting material 72 
provides a layer for forming the dielectric regions of the 
magnetic storage cells 40-50, such as the dielectric region 62 
of the magnetic storage cell 42. In one embodiment, the 
semiconducting material 72 is amorphous silicon. Eventu 
ally, layer 72 forms part of the diode portion of the cell and 
not the magnetic tunnel junction portion. The desired result 
is that each memory cell in the array has a MT] in series With 
a Schottky-metal (Pt—Si) diode. 

[0038] A second layer of conductor material 74 is depos 
ited onto the insulating material and serves as the Schottky 
metal for each diode associated With each cell 40-50. The 
conductor material 74 is a sheet of conductive material such 
as Pt. Other materials may be substituted and they include 
copper, aluminum, or gold, or alloys of these materials. Pt is 
typically utiliZed over other conductor metals as it provides 
better recti?cation than most others. The diode is formed by 
tWo layers, one of Pt and the other of n-doped silicon. After 
heat treatment, the Pt and Si at the interface react to form 
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Pt-silicide. Other metal suicides are also contemplated, such 
as silicides of any of the substitutable metals previously 
mentioned. 

[0039] After the formation of the diodes, the cells 40-50 
are formed. In one embodiment, an antiferromagnetic mate 
rial 76 is deposited on top of the conductor material 74. The 
antiferromagnetic material 76 provides a magnetic pinning 
material for ?xing the orientations M2 in the magnetic 
storage cells 40-50 to be formed on the substrate 10. The 
antiferromagnetic material 76 may be iron-manganese 
(FeMn) or nickel-manganese (NiMn). Alternative materials 
for the antiferromagnetic material 76 include NiO and IrMn. 

[0040] A magnetic ?lm 78 is deposited on top of the 
antiferromagnetic material 76. The effect of magnetic 
eXchange coupling betWeen the magnetic ?lm 78 and the 
antiferromagnetic material 76 pins the orientation of the 
magnetiZation in the magnetic ?lm 78. The magnetic ?lm 78 
provides a layer of pinned magnetic material for forming the 
pinned magnetic ?lm regions of the magnetic storage cells 
40-50. For eXample, the magnetic ?lm 78 is subsequently 
formed into the pinned magnetic ?lm 64 of the magnetic 
storage cell 42. The magnetic ?lm 78 may be nickel-iron 
(NiFe) or cobalt or alloys or layers comprised of combina 
tions of these materials. Alternative materials for the mag 
netic ?lm 78 include Fe3 O 4 and CrO2 or other ferromagnetic 
or ferrimagnetic materials. 

[0041] Alayer of insulating material 80 is deposited on the 
magnetic ?lm 78. The insulating material 80 provides a layer 
for forming the dielectric regions of the magnetic storage 
cells 40-50, such as the dielectric region 62 of the magnetic 
storage cell 42. In one embodiment, the insulating material 
80 is aluminum-oxide (Al2 O3). Alternative materials of the 
insulating material 80 include silicon-dioxide (SiOZ), tanta 
lum-oXide (Ta2 O5), and silicon-nitride (Si3 N4). 

[0042] A magnetic ?lm 82 is deposited on top of the 
insulating material 80. The magnetic ?lm 82 provides a layer 
of material for forming the active regions of the magnetic 
storage cells 40-50, such as the magnetic ?lm 60 of the 
storage cell 42. The magnetic ?lm 82 may be nickel-iron 
(NiFe) or cobalt or alloys or layers comprised of combina 
tions of these materials. 

[0043] FIG. 4b is a cross-sectional vieW AAWhich illus 
trates a patterning of the material shoWn in FIG. 4a. The 
patterning is performed by forming lines of photo-resist, 
including the photo-resist 84, on top of the magnetic ?lm 82 
using photolithography. The line of photo-resist 84 de?nes 
the length of the bottom conductor 22 and the dX dimension 
of the bottom conductor 22 and the magnetic storage cells 42 
and 48. An ion milling operation is performed to remove the 
materials from the substrate 10 that are not protected by 
photo-resist. The ion milling operation may be performed, 
for eXample, With a bombardment of argon ions. The pro 
tection provided by the photo-resist 84, for eXample, results 
in the formation of a stacked structure 86 from the materials 
shoWn in FIG. 4a. It should be noted that multiple steps of 
patterning is typically done in order to achieve the desired 
circuit arrangement. In this case, patterning is performed so 
that conductor material 70 and semiconducting material 72 
are aligned With one another and semiconducting material 
72 runs the length of conductor material 70, Which forms 
bottom conductor 22 With the semiconductor portion 72 
serving as part of the Schottky-metal diode. The surface is 
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further patterned using Well-knoWn techniques to isolate a 
stack of second conductor material 74, antiferromagnetic 
material 76, magnetic ?lm 78, insulating barrier 80 and 
second magnetic ?lm 82. 

[0044] The stacked structure 86 includes the bottom con 
ductor 22, Which is a remnant of the conductor material 70. 
The semiconducting material 72 serves as the rectifying 
portion of diode 88 as shoWn in the stack structure 86. The 
second conducting material 74 serves as the metal contact 
for Schottky metal diode 88. The stacked structure 86 also 
includes a strip of antiferromagnetic material 90 Which 
remains from the antiferromagnetic material 76. The strip of 
antiferromagnetic material 90 pins the magnetic orientations 
M2 of the magnetic storage cells 42 and 48 in a direction 
parallel to the length of the conductor 22. 

[0045] The stacked structure 86 includes a strip of mag 
netic ?lm 92, a strip of dielectric material 94, and a strip of 
magnetic ?lm 96, Which remain from the magnetic ?lm 78, 
the dielectric material 80, and the magnetic ?lm 82, respec 
tively. The strips of magnetic ?lm 92, dielectric material 94, 
and the magnetic ?lm 96 are to be formed into the magnetic 
storage cells 40-48 With subsequent patterning steps. 

[0046] FIG. 4c is a cross-sectional vieW AA that shoWs a 
thin layer of protective dielectric 100 that covers the sides of 
the stacked structure 86 and the eXposed area of the substrate 
10. The protective dielectric 100 is initially deposited over 
the stacked structure 86, and the photo-resist 84 and exposed 
areas of the substrate 10 as a thin layer, for example 500 
Angstroms or less, of dielectric material. The photo 
resist 84 and other lines of photo-resist used for patterning 
the conductors 20-24 are then removed using for eXample an 
ultrasonic agitator With a solvent. The resulting protective 
dielectric 100 prevents short circuits betWeen edges of the 
magnetic ?lms 92 and 96 after the conductors 26 and 28 are 
formed. 

[0047] FIG. 4a' is a cross-sectional vieW BB that shoWs a 
conductor material 102 deposited over the stacked structure 
86 and the protective dielectric 100. The conductor material 
102 provides a layer of conductive material for the forma 
tion of the top conductors 26-28. The conductor material 102 
is a sheet of conductive material such as copper, aluminum, 
or gold, or alloys of these materials. 

[0048] The top conductors 26-28 are then patterned from 
the conductor material 102. The patterning of the top con 
ductors 26-28 forms the dy dimensions of the magnetic 
storage cells 40-50 and the top conductors 26-28 and auto 
matically aligns the top conductors 26-28 and the layers of 
the magnetic storage cells 40-50. The top conductors 26-28 
are patterned by forming lines of photo-resist including the 
lines of photo-resist 110-114 on top of the conductor mate 
rial 102 using photolithography. The lines of photo-resist 
110-114 each have a Width dy. 

[0049] An ion milling step is used to remove materials not 
protected by the photo-resist 110-114. In one embodiment, 
the milling step is used to remove materials doWn to the strip 
of antiferromagnetic material 90. In another embodiment, 
the milling step is stopped before the strip of magnetic ?lm 
92 is removed. The photoresist 110-114 is then stripped 
aWay. 

[0050] FIG. 46 is a cross-sectional vieW BB that shoWs the 
results of the milling step Which stops before the removal of 
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the magnetic ?lm 92. Each magnetic storage cell 42-48 is 
shoWn With Schottky metal diode 88 along With the mag 
netic ?lm 60 and the dielectric region 62 formed from the 
strip of magnetic ?lm 96 and the strip of dielectric material 
94, respectively. 
[0051] The strip of magnetic material 92 provides a con 
tinuous pinned magnetic ?lm for each magnetic storage cell 
42 and 48. This embodiment prevents magnetic ?elds that 
Would otherWise emanate from patterned edges of the mag 
netic material 92 from affecting the magnetic ?elds in the 
active magnetic ?lms of magnetic storage cells 42 and 48. 

[0052] Memory cell 42 is connected to bit line 26 and 
connected to an isolation diode 88 that further connects to 

the respective Word line (bottom conductor) 22. The isola 
tion diode 88 provides a unidirectional conductive path from 
the bit line 26 to the Word line 22, Wherein the Word line 22 
provides a common metal-semiconductor contact 72, 22 
With each diode 88 sharing the Word line 22. Each diode 88 
has a separate metal contact 74 located betWeen the semi 
conductor portion 72 of the common metal-semiconductor 
contact 72, 22 and its respective memory cell 42. 

[0053] The patterning of the top conductors 26 and 28 
patterns and automatically aligns the active magnetic ?lms 
in the magnetic storage cells 42 and 48 to provide the 
aligned dX and dy dimensions. As a consequence, there is no 
need to use separate pattern masks for the conductors 26-28 
and the active layers or dielectric layers of the magnetic 
storage cells 42 and 48 nor to precisely align any such 
pattern masks. 

[0054] The structure shoWn in FIG. 46 may subsequently 
be planariZed, using for eXample an insulating dielectric 
layer, and another array of magnetic storage cells formed on 
top of the magnetic storage cells 40-50. This is possible 
because no crystalline semiconductor substrate is required. 
The ability to have many layers of magnetic storage cells 
enhances the overall density that can be attained in the 
solid-state memory 130. 

[0055] Of note, the process as described yields memory 
cells Whose siZe is restricted to the dimensions of the 
top/bottom conductor Widths, dX and dy, and is presented to 
illustrate but one manufacturing process possible. In alter 
native embodiments, it is desirable to form memory cells 
With dimensions smaller than the conductor Widths. To 
achieve this, separate masking/patterning steps are involved 
and are Well-knoWn to those skilled in the art. 

[0056] FIG. 5 shoWs an arrangement for reading the 
magnetic storage cell 42. The read circuit is coupled to one 
or more groups of memory cells by a respective bit line and 
is operable to sense current ?oW through a memory cell. The 
magnetic storage cell 42 is read by applying a read voltage 
Vrd to the conductor 26 and coupling the conductor 22 to an 
input 150 of a current sense ampli?er 160. The potential Vrd 
across the magnetic storage cell 42 causes a sense current to 
How into the input 150 of the current sense ampli?er 160. 
The magnitude of the sense current indicates the resistance 
of the magnetic storage cell 42 and therefore its logic state. 

[0057] During the read operation, the conductors 20 and 
24 are applied With a ground potential using a pair of 
transistors 200-202. In addition, the input 150 of the current 
sense ampli?er 160 has a virtual ground potential, Which 
means that the conductor 22 has a virtual ground potential. 
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The ground and virtual ground potentials of the conductors 
20-24 reduce the amount of current ?oW betWeen the 
conductors 20-24. This current How is knoWn as leakage 
current. The reduced amount of leakage current in the 
conductors 20-24 increases the signal to noise ratio during 
read operations on the magnetic storage cell 42. 

[0058] The equalized potentials among the conductors 
20-24 can be accomplished using a variety of circuits. A 
leakage current diverting means may be included Which 
comprises an equipotential generator coupled to the Word 
lines and operable to set voltage levels in the resistive 
crosspoint memory cell array to substantially prevent para 
sitic currents from ?oWing to cells other than the selected 
memory cells. For example, the transistors 200-202 may 
apply a potential VX to the conductors 20 and 24 and the 
input 150 may have a potential of VX. In addition, each of the 
conductors may be coupled to an input of a corresponding 
current sense ampli?er. The inputs of the current sense 
ampli?ers may be virtual grounds or may have some other 
potential so long as the potentials of all the conductors 20-24 
are equalized. Moreover, any combination of transistors and 
current sense ampli?ers may be used to equaliZe the poten 
tials of the conductors 20-24 during read operations. The 
differential current sense ampli?er is operable to compare 
current ?oWing through a selected memory cell With current 
?oWing through one or more reference cells. This operation 
may be accomplished by comparator circuits, each coupled 
to an associated read circuit and operable to convert an 
analog differential sense signal to a digital output read 
signal. 

[0059] Furthermore, unselected Word lines in a selected 
group of Word lines may be connected together to set an 
averaged voltage that is approximately equal to an applied 
array voltage. The equipotential generator may be operable 
to establish equipotential isolation of a selected bit line 
based upon feedback from one or more unselected Word 
lines. The input node of each isolation diode may be coupled 
to a respective voltage folloWer transistor and the equipo 
tential generator may be coupled to gates of the voltage 
folloWer transistors. 

[0060] In another embodiment, the read circuits include a 
current mirror having an operational ampli?er circuit having 
a ?rst input coupled to a reference voltage, a second input 
coupled to the selected bit lines, and an output coupled to the 
gates of current mirror transistors. The current mirror tran 
sistor may transport the sense signal to the current sense 
ampli?er. The second input of the operational ampli?er 
circuit may be coupled to the selected bit lines through a 
sWitching circuit. 

[0061] The memory cells 40-50 may include thin ?lm 
memory elements such as polymer memory elements, mag 
netic tunnel junctions (the SDT junction is a type of mag 
netic tunnel junction), or phase change devices. In general, 
the memory cells 40-50 may include any elements that store 
or generate information by affecting the magnitude of the 
nominal resistance of the elements. Such other types of 
elements include poly-silicon resistors as part of read-only 
memory, and phase change device that could be pro 
grammed to change state from crystalline to amorphous and 
vice versa. The device has loW resistances at crystalline state 
and high resistance at amorphous state. Memory cell ele 
ment 40 is shoWn in further detail in FIG. 3. Memory cells 
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40-50 further includes a resistive magnetic element Rm and 
a unidirectional conducting gate or diode 88, Which is 
utiliZed to limit leakage current during the read operation as 
Well as to provide a one-Way current path from the bit lines 
20-24 to Word lines 26-30. The diode 88 is coupled to the 
resistive magnetic element Rm to provide a unidirectional 
conductive path from the bit line 20-24 to the Word line 
26-30. 

[0062] The use of a large common metal-Si contact area 
improves the contact resistance at the common cathode. This 
improves the current density capacity of each diode 88. 
Since each diode 88 has a separate Pt contact With its 
associated MRAM cell, each diode 88 is separate from one 
another. Further, pattering is simpli?ed since a roW or 
column of diodes shares the common metal-Si contact. 
Further, the common metal-Si contact reduces, if not elimi 
nates, current sneak paths or leakage current associated With 
diodes fabricated using techniques of the prior art. 

[0063] The information storage device according to the 
present invention may be used in a Wide variety of appli 
cations. For eXample, the information storage device may be 
used for long-term data storage in a computer. Such a device 
offers many advantages over conventional long-term data 
storage devices such as hard drives. Accessing data from 
MRAM cells is orders of magnitude faster than accessing 
data from hard drives. In addition, the information storage 
device according to the present invention is more compact 
than hard drives. 

[0064] The information storage device according to the 
present invention may be used in digital cameras for long 
term storage of digital images. If the calibration is accurate 
and the preampli?er offsets can be equaliZed, the informa 
tion storage device may even replace DRAM and other fast, 
short-term memory in computers. The present invention is 
not limited to the speci?c embodiments described and 
illustrated above. Instead, the present invention is construed 
according to the claims that folloW. 

[0065] It is to be understood that the above-referenced 
arrangements are only illustrative of the application for the 
principles of the present invention. Numerous modi?cations 
and alternative arrangements can be devised Without depart 
ing from the spirit and scope of the present invention While 
the present invention has been shoWn in the draWings and 
fully described above With particularity and detail in con 
nection With What is presently deemed to be the most 
practical and preferred embodiments(s) of the invention, it 
Will be apparent to those of ordinary skill in the art that 
numerous modi?cations can be made Without departing 
from the principles and concepts of the invention as set forth 
in the claims. 

1. Aprocess of making a data storage device, comprising: 

forming a plurality of Word lines, each Word line com 
prising a metal trace; 

forming an amorphous semiconductor layer on each of the 
Word lines; 

forming a plurality of metal contacts on each of the 
amorphous semiconductor layers, each of the plurality 
of contacts isolated from one another and resulting in a 
common metal-semiconductor contact for each Word 

line; 
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forming a magneto-resistive memory cell on each of the 
plurality of metal contacts, thereby forming a unidirec 
tional conductive path from the memory cell to its 
corresponding Word line; and 

forming a plurality of bit lines comprising a metal trace 
such that each bit line is connected to a portion of the 
memory cells thereby forming a conductive path from 
the bit line to the Word line through each shared 
memory cell. 

2. The process according to claim 1 Wherein the metal 
contact forming step further comprises selecting platinum as 
the metal contact. 

3. The process according to claim 1 Wherein the metal 
contact forming step further comprises selecting a metal as 
the metal contact from the group consisting of gold, silver, 
aluminum, or copper. 

Sep. 15, 2005 

4. The process according to claim 1 Wherein the amor 
phous semiconductor comprises silicon and Wherein a 
metal-silicide layer is formed by reaction betWeen the sili 
con and the metal contact. 

5. The process according to claim 1 Wherein the data 
storage device is an MRAM cell. 

6. The process according to claim 1 Wherein the amor 
phous semiconductor layer forming step comprises doping 
the amorphous semiconductor layer With an n-dopant. 

7. The process according to claim 1 Wherein the magneto 
resistive memory cell forming step includes the steps of 
forming a reference layer and forming a data layer, the 
reference layer formed adjacent the Word line and the data 
layer adjacent the bit line. 


