
US 20050063223A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2005/0063223 A1 

Tran (43) Pub. Date: Mar. 24, 2005 

(54) THERMAL-ASSISTED SWITCHING ARRAY (57) ABSTRACT 
CONFIGURATION FOR MRAM 

(76) Inventor Lun T Tran Sarato a CA (Us) This invention provides a thermal-assisted switching mag 
' g ' ’ g ’ netic memory storage device. In a particular embodiment, a 

Correspondence Address cross-point array of conductive roWs and columns is pro 
HEWLETT PACKARD COMPANY vided With offset tunnel junction magnetic memory cells 
P 0 BOX 272400 3 404 E HARMONY ROAD provided proximate to the intersections betWeen the roWs 
INTELLECTUAI: PROPERTY and columns. Alooping Write conductor is provided close to, 
ADMINISTRATION but not in electrical contact With each memory cell. The 
FORT COLLINS C0 80527_2400 (Us) looping Write conductor loops across the top and bottom of 

’ each memory cell. Each magnetic memory cell provides a 
(21) APPL NO: 10/668 405 magnetic data layer characterized by a material Wherein the 

’ coercivity is decreased upon an increase in temperature, an 
(22) Filed; Sep_ 22, 2003 intermediate layer, and a reference layer. The magnetic ?elds 

provided by the looping Write conductor during a Write 
Publication Classi?cation operation are not sufficient to alter the magnetic orientation 

of an unheated data layer, but may alter the data layer of a 
(51) Int. Cl.7 ................................................... .. G11C 11/14 memory cell Warmed by a bias current tunneling through the 
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THERMAL-ASSISTED SWITCHING ARRAY 
CONFIGURATION FOR MRAM 

FIELD OF THE INVENTION 

[0001] This invention relates generally to magnetic 
memory devices and in particular to ultra-high density 
thermally assisted magnetic random access memory arrays 
(commonly referred to as “MRAM”). 

BACKGROUND OF THE INVENTION 

[0002] Today’s computer systems are becoming increas 
ingly sophisticated, permitting users to perform an ever 
greater variety of computing tasks at faster and faster rates. 
The siZe of the memory and the speed at Which it can be 
accessed bear heavily upon the overall speed of the com 
puter system. 

[0003] Memory for a computer system is technically any 
form of electronic, magnetic or optical storage; hoWever it 
is generally divided up into different categories based in part 
upon speed and functionality. The tWo general categories of 
computer memory are main memory and mass storage. Main 
memory is generally comprised of fast, expensive volatile 
random access memory that is connected directly to the 
processor by a memory bus. One component of the speed in 
main memory is generally that access to a particular memory 
cell is handled Without physical movement of components. 

[0004] Generally, the principle underlying the storage of 
data in a magnetic media (main or mass storage) is the 
ability to change, and/or reverse, the relative orientation of 
the magnetiZation of a storage data bit (i.e. the logic state of 
a “0” or a “1”). The coercivity of a material is the level of 
demagnetiZing force that must be applied to a magnetic 
particle to reduce and/or reverse the magnetiZation of the 
particle. Generally speaking, the smaller the magnetic par 
ticle the higher it’s coercivity. 

[0005] A prior art magnetic memory cell may be a tun 
neling magneto-resistance memory cell (TMR), a giant 
magneto-resistance memory cell (GMR), or a colossal mag 
neto-resistance memory cell (CMR), each of Which gener 
ally includes a data layer (also called a storage layer or bit 
layer), a reference layer, and an intermediate layer betWeen 
the data layer and the reference layer. The data layer, the 
reference layer, and the intermediate layer can be made from 
one or more layers of material. 

[0006] The data layer is usually a layer of magnetic 
material that stores a bit of data as an orientation of 
magnetiZation that may be altered in response to the appli 
cation of an external magnetic ?eld or ?elds. More speci? 
cally, the orientation of magnetiZation of the data layer 
representing the logic state can be rotated (sWitched) from a 
?rst orientation representing a logic state of “0” to a second 
orientation, representing a logic state of “1”, and/or vice 
versa. 

[0007] The reference layer is usually a layer of magnetic 
material in Which an orientation of magnetiZation is 
“pinned”, as in ?xed, in a predetermined direction. Often 
several layers of magnetic material are required and function 
as one to effectuate a stable pinned reference layer. The 
predetermined direction is determined and established by 
microelectronic processing steps employed in the fabrica 
tion of the magnetic memory cell. 
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[0008] Typically, the logic state (a “0” or a “1”) of a 
magnetic memory cell depends on the relative orientations 
of magnetiZation in the data layer and the reference layer. 
For example, When an electrical potential bias is applied 
across the data layer and the reference layer in a TMR, 
electrons migrate betWeen the data layer and the reference 
layer through the intermediate layer. The intermediate layer 
is typically a thin dielectric layer commonly referred to as a 
tunnel barrier layer. The phenomena that cause the migration 
of electrons through the barrier layer may be referred to as 
quantum mechanical tunneling or spin tunneling. 

[0009] The logic state may be determined by measuring 
the resistance of the memory cell. For example, if the overall 
orientation of the magnetiZation in the data storage layer is 
parallel to the pinned orientation of magnetiZation in the 
reference layer the magnetic memory cell Will be in a state 
of loW resistance. If the overall orientation of the magneti 
Zation in the data storage layer is anti-parallel (opposite) to 
the pinned orientation of magnetiZation in the reference 
layer the magnetic memory cell Will be in a state of high 
resistance. 

[0010] In an ideal setting the orientation of the alterable 
magnetic ?eld in the data layer Would be either parallel or 
anti-parallel With respect to the ?eld of the reference layer. 
As the data layer and the reference layer are generally both 
made from ferromagnetic materials and are positioned in 
close permanent proximity to each other, the generally 
stronger reference layer may affect the orientation of the data 
layer. More speci?cally, the magnetiZation of the reference 
layer may generate a demagnetiZation ?eld that extends 
from the reference layer into the data layer. 

[0011] The result of this demagnetiZation ?eld from the 
reference layer is an offset in the coercive sWitching ?eld. 
This offset can result in asymmetry in the sWitching char 
acteristics of the bit: the amount of sWitching ?eld needed to 
sWitch the bit from parallel to anti-parallel state is different 
from the sWitching ?eld needed to sWitch the bit from 
anti-parallel state to parallel state. To have reliable sWitching 
characteristics and to simplify the read/Write circuitry, it is 
desirable to have this offset reduced to as near Zero as 

possible. 

[0012] The magneto-resistance AR/R may be described as 
akin to a signal-to-noise ratio S/N. A higher S/N results in a 
stronger signal that can be sensed to determine the state of 
the bit in the data layer. Thus, at least one disadvantage of 
a tunnel junction memory cell having a pinned reference 
layer in close and ?xed proximity to the data layer is a 
potential reduction in the magneto-resistance AR/R resulting 
from the angular displacement. 

[0013] To pin the reference layer during manufacturing, 
the reference layer must be heated to an elevated tempera 
ture in an annealing step. The annealing step typically takes 
time, perhaps an hour or more. As the reference layer is but 
one part of the memory being produced, the entire memory 
must be subject to temperatures ranging from about 200 to 
300 degrees centigrade While under the in?uence of a 
constant and focused magnetic ?eld. Such manufacturing 
stresses may permit the reference layer to become un-pinned 
and lose it’s set orientation if the memory is later subjected 
to high temperatures. In addition, the characteristics of the 
data layer may be unknoWingly affected by heat during some 
manufacturing processes. 
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[0014] To facilitate establishing a pinned reference layer it 
is not uncommon for the reference layer to include multiple 
layers of material. While utilizing multiple layers may help 
insure that the reference layer remains pinned, it also raises 
the complexity of manufacturing each and every memory 
cell present in the magnetic memory. 

[0015] Main memory devices such as MRAM often 
employ tunnel junction magnetic memory cells positioned at 
the transverse intersections of electrically conductive roWs 
and columns. Such an arrangement is knoWn as a cross-point 
memory array. 

[0016] In a typical cross-point memory array, While any 
given roW (roW A, B, C . . . ) may cross every column 

(column 1, 2, 3 . . . ), and visa-versa, the traditional 
principles of column and roW arrays dictate that any given 
roW Will only cross any given column once. Therefore, by 
accessing a particular roW (B) and a particular column (3), 
any one memory cell positioned at their intersection (B,3) 
can be isolated from any other memory cell in the array. 
Such individual indexing is not Without complexities. 

[0017] As betWeen the tWo fundamental operations that 
may be performed on a storage bit (a “Write” or a “read”), 
the Write operation is generally more complex. In many 
operations Write operations occur less frequently then read 
operations, and, in certain situations, may occur orders of 
magnitude less often. 
[0018] With respect to traditional cross-point memory 
arrays, While the magnetic ?eld of the data layer of a desired 
cell may be altered, it is desirable not to adversely affect or 
alter the data layers of neighboring cells. Therefore, design 
and manufacturing issues are generally focused upon the 
requirements imposed by the Write operation. As Write 
operations generally requiring greater electrical current and 
magnetic ?elds, requiring more robust characteristics in the 
poWer supply, roW and column conductors and appropriate 
buffering space. 
[0019] With respect to magnetic memory components, it is 
Well knoWn that as siZe decreases coercivity increases. A 
large coercivity is generally undesirable, as it requires a 
greater magnetic ?eld to be sWitched, Which in turn requires 
a greater poWer source and potentially larger sWitching 
transistors. Providing large poWer sources and large sWitch 
ing transistors is generally at odds With the focus of nano 
technology to reduce the necessary siZe of components. In 
addition, to mitigate the potential of inadvertently sWitching 
a neighboring memory cell, nanometer scaled memory cells 
are generally more Widely spaced relative to their overall 
siZe than are non-nanometer siZed memory cells. Moreover, 
as the siZe of the magnetic memory decreases, the unused 
space betWeen individual memory cells tends to increase. 

[0020] Hence, in a typical MRAM array a signi?cant 
amount of overall space may be used simply to provide a 
physical buffer betWeen the cells. Absent this buffering 
space, or otherWise reducing it’s ratio, a greater volume of 
storage in the same physical space could be obtained. 

[0021] Hence, there is a need for an ultra-high density 
thermally assisted memory array Which overcomes one or 
more of the draWbacks identi?ed above. The present inven 
tion satis?es one or more of these needs. 

SUMMARY 

[0022] This invention provides a thermal-assisted sWitch 
ing magnetic memory array. 
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[0023] In particular, and by Way of example only, accord 
ing to an embodiment of the present invention, this invention 
provides a thermal-assisted magnetic memory storage 
device including: a cross point array of magnetic tunnel 
junction memory cells, the memory cells characteriZed by a 
material Wherein the coercivity is decreased upon an 
increase in temperature; a plurality of separate looping Write 
conductors positioned Within close proximity about each 
magnetic tunnel junction memory cell. 

[0024] Moreover, according to an embodiment thereof, the 
invention may provide a thermal-assisted magnetic memory 
storage device including: a plurality of parallel electrically 
conductive roWs; a plurality of parallel electrically conduc 
tive columns transverse to the roWs, the columns and roWs 
thereby forming a cross point array With a plurality of 
intersections; a plurality of offset magnetic tunnel junction 
memory cells, each memory cell located proximately to and 
in electrical contact With an intersection betWeen a roW and 

column, the memory cells characteriZed by a material With 
an alterable orientation of magnetiZation, Wherein the coer 
civity of the alterable material is decreased upon an increase 
in temperature; and a plurality of separate looping Write 
conductors positioned Within close proximity about each 
magnetic tunnel junction memory cell. 

[0025] In yet another embodiment, the invention may 
provide a thermal-assisted magnetic memory storage device 
including: a plurality of parallel electrically conductive 
roWs; a plurality of parallel electrically conductive columns 
transverse to the roWs, the columns and roWs thereby 
forming a cross point array With a plurality of intersections; 
a plurality of offset magnetic tunnel junction memory cells, 
each memory cell located proximately to and in electrical 
contact With an intersection betWeen a roW and column, each 
memory cell including: a top offset electrical conductor 
joined to the roW and extending substantially transversely 
from the roW for a length at least the Width of the memory 
cell; at least one ferromagnetic data layer characteriZed by 
an alterable orientation of magnetiZation, the ferromagnetic 
data layer characteriZed by a material Wherein the coercivity 
is decreased upon an increase in temperature; an interme 
diate layer in contact With the data layer; a ferromagnetic 
reference layer in contact With the intermediate layer, oppo 
site from the data layer; a bottom offset electrical conductor 
parallel to and of substantially the same length as the top 
offset conductor, the bottom offset conductor joined to the 
column; Wherein the top and bottom offset conductors 
laterally offset the top and bottom of the memory cell from 
the cross point of the roW and column, the bottom offset 
conductor additionally vertically offsetting the memory cell 
from the column; and a plurality of separate looping Write 
conductors positioned Within close proximity to the top and 
bottom offset conductors of each memory cell, the looping 
Write conductors substantially in line With the laterally offset 
magnetic tunnel junction memory cells. 

[0026] In still another embodiment, the invention may 
provide a computer system including: a main board; at least 
one central processing unit (CPU) joined to the main board; 
at least one thermal-assisted magnetic memory store joined 
to the CPU by the main board, thermal-assisted magnetic 
memory including: a plurality of parallel electrically con 
ductive roWs; a plurality of parallel electrically conductive 
columns transverse to the roWs, the columns and roWs 
thereby forming a cross point array With a plurality of 
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intersections; a plurality of offset magnetic tunnel junction 
memory cells, each memory cell located proximately to and 
in electrical contact With an intersection betWeen a roW and 
column, the memory cells characterized by a material With 
an alterable orientation of magnetization, Wherein the coer 
civity of the alterable material is decreased upon an increase 
in temperature; and a plurality of separate looping Write 
conductors positioned Within close proximity about each 
magnetic tunnel junction memory cell. 

[0027] These and other objects, features and advantages of 
the preferred method and apparatus Will become apparent 
from the folloWing detailed description, taken in conjunction 
With the accompanying draWings Which illustrate, by Way of 
example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1A shoWs a portion of an exemplary thermal 
assisted magnetic memory embodying the present invention; 

[0029] FIG. 1B is a perspective vieW of the memory as 
shoWn in FIG. 1; 

[0030] FIG. 2 is a perspective of an array of memory as 
shoWn in FIG. 1; 

[0031] FIG. 3 is a perspective vieW illustrating the Write 
operation of the memory shoWn in FIG. 1. 

DETAILED DESCRIPTION 

[0032] Before proceeding With the detailed description, it 
is to be appreciated that the present invention is not limited 
to use or application With a speci?c type of magnetic 
memory. Thus, although the present invention is, for the 
convenience of explanation, depicted and described With 
respect to typical exemplary embodiments, it Will be appre 
ciated that this invention may be applied With other types of 
magnetic memory. 

[0033] Referring noW to the draWings, and more particu 
larly to FIG. 1A and the perspective of FIG. 1B, there is 
shoWn a portion of a thermal-assisted sWitching magnetic 
memory 50, having at least one magnetic memory cell 100 
and at least one separate looping Write conductor 140, 
positioned proximate to the memory cell 100, according to 
an embodiment of the present invention. In at least one 
embodiment, the magnetic memory cell 100 may be a 
magnetic memory tunnel junction memory cell. Speci?cally, 
the memory 50 provides a plurality of parallel electrically 
conductive roWs and parallel electrically conductive col 
umns transverse to the roWs. The memory cell 100 is located 
at an offset position proximate to and in electrical contact 
With an intersection of a roW 102 and a column 104. 

[0034] The magnetic memory cell 100 itself, may have a 
ferromagnetic data layer 106, an intermediate layer 108, and 
a ferromagnetic reference layer 110 With orientation of 
magnetiZation M1. The ferromagnetic data layer 106 per 
mits the storing of a bit of data as an alterable orientation of 
magnetiZation M2, and consists of a material Wherein the 
coercivity is decreased upon an increase in temperature. The 
intermediate layer 108 has opposing sides such that the data 
layer 106 in contact With one side is in direct alignment With, 
and substantially uniformly spaced from, the reference layer 
110, in contact With the second side of the intermediate layer 
108. 
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[0035] In at least one embodiment, the offset placement of 
the magnetic memory cell 100 relative to the cross point 
intersection of roW 102 and column 104 is achieved With the 
use of offsetting conductors. Speci?cally, magnetic memory 
cell 100 may be joined to the conductive roW 102 by a thin 
top offset conductor 112 and joined to the conductive 
column 104 by a thin bottom offset conductor 114. The top 
offset conductor 112 may be joined to the roW 102 such that 
it extends substantially transversely from the roW for a 
length that may be at least the Width of magnetic memory 
cell 100. The bottom offset conductor 114 is parallel too, and 
of substantially the same length as, the top offset conductor 
112. So as to provide space betWeen the column conductor 
104 and the bottom of the offset magnetic memory cell 100, 
the bottom offset conductor 114 may also provide a vertical 
offset. This vertical offset may be achieved by thickening 
one end of the bottom offset conductor 114, fabricating the 
bottom offset conductor 114 from a lateral component 118 
and a base component 120, or such other process as may be 
appropriate. 
[0036] As shoWn, the top and bottom offset conductors 
(112 and 114) laterally displace the magnetic memory cell 
100 from the cross point axis 116. The lateral displacement 
of the magnetic memory cell 100 places the magnetic 
memory cell 100 substantially betWeen the looping Write 
conductor 140. It may be further appreciated in FIG. 1A, 
that the looping Write conductor 140 is not in electrical 
contact With the magnetic memory cell 100 or the electri 
cally conductive roW 102 or electrically conductive column 
104. Moreover, the looping Write conductor 140 may not be 
in physical contact With the magnetic memory cell 100. 

[0037] FIG. 2 conceptually illustrates a larger portion of a 
cross point array 200 With a plurality of magnetic memory 
cells 100, 100‘, 210, 212, 214, and 216. More speci?cally, 
parallel roWs 102 and 202 are located above and transverse 
to parallel columns 104, 206 and 208. Each magnetic 
memory cell (100, 100‘, 210, 212, 214, and 216) is offset 
from the cross-point of a given roW (102 or 202) and a given 
column (104, 206 or 208). The looping nature of looping 
Write conductor 140 and 140‘ may be more fully appreciated 
With reference to FIG. 2, depicting the top 142 and bottom 
144 portions of the loop being achieved With a vertical 
transition 246. As the top 142 and bottom 144 portions are 
opposite and parallel, it Will be appreciated that a current 
?oWing in a ?rst direction in the top 142 portion Will appear 
to How in the opposite direction in the bottom 144 portion. 
In accordance With the Right Hand Rule, the respective 
magnetic ?elds generated by the top 142 and bottom 144 
portions Will combine in their area of overlap, speci?cally an 
area substantially proximate to the data layer 106. 

[0038] Moreover, passing the looping Write conductor 140 
about the magnetic memory cell 100 improves the ?eld 
strength by a factor of tWo With the same supplied current 
amplitude. This advantageously reduces the current need 
required for Writing events and might therefore permit a 
smaller poWer source, and/or transistor to be used. In 
addition, in at least one embodiment, the looping Write 
conductor 140 may further comprise a ferromagnetic clad 
ding 148. Applied to the sides and external portion of the 
magnetic ?eld generating conductor 150, the cladding gen 
erally may serve to assist in containing the generated mag 
netic ?eld and thereby reduce unintended exposure to other 
non-selected memory cells. As shoWn in FIG. 3, the looping 
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Write conductors 140 and 140‘ are substantially parallel to 
the roWs 102 and 202. In an alternative embodiment, the 
con?guration of top and bottom offset conductors (112 and 
114) may be selected such that the looping Write conductors 
140 are substantially parallel to the columns. 

[0039] The reference layer 110 may be a pinned or soft 
reference layer. In at least one embodiment the reference 
layer 110 is a soft reference layer, so named because the 
direction of orientation of magnetization M1 can be dynami 
cally set to a knoWn direction. Such dynamic setting may be 
achieved by magnetic ?elds provided by an externally 
supplied current ?oWing through the looping Write conduc 
tor 140 proximate to the memory cell 100. In this case, the 
current magnitude applying to the looping Write conductor 
140 to set the magnetiZation M1 of the soft reference layer 
to a knoWn direction is relatively small. This current Will not 
alter the magnetiZation state M2 of the data layer 106 and 
other unselected memory cells along the looping Write 
conductor 140. Generally, this event is occurring during a 
read cycle When the magnetiZation M2 of the reference layer 
110 is set to a knoWn direction then to compare With the 
direction M2 of the data layer 106 to determine the “0” or 
“1” state of the memory bit cell. It is termed “soft” because 
it generally comprises materials that are magnetically soft 
and are not of the usual hard-pinned materials used for more 
traditional pinned reference layers. When utiliZing a soft 
reference layer, a convention is generally adopted as to 
Which Way M1 Will be oriented. 

[0040] The use of a soft reference layer may have several 
advantageous bene?ts in the memory cell 100. As a soft 
reference layer is not substantially ?xed in orientation, it 
may not be necessary to subject the memory cell 100 to high 
temperatures during manufacturing as is often required to 
establish a ?xed reference layer. In addition, the lack of a 
substantial and constant magnetic ?eld in the reference layer 
reduces the likelihood of a demagnetiZation ?eld from the 
reference layer acting upon the data layer, thus reducing the 
offset in the coercive sWitching ?eld. 

[0041] The ferromagnetic data layer 106, as Well as the 
cladding 148 of the looping Write conductor 140, may be 
made from a material that includes, but it not limited to: 
Nickel Iron (NiFe), Nickel Iron Cobalt (NiFeCo), Cobalt 
Iron (CoFe), and alloys of such metals. Under appropriate 
circumstances, such as manufacturing preferences, the 
memory cell 100 may further include additional electrical 
conductors located betWeen the data layer 106 and the top 
offset conductor 112, and likeWise betWeen the reference 
layer 110 and the bottom offset conductor 114. In addition, 
both the reference layer 110 and the data layer 106 may be 
formed from multiple layers of materials. HoWever, for 
conceptual simplicity and ease of discussion, each layer 
component is herein discussed as a single layer. 

[0042] The phenomenon that causes the resistance in 
magnetic tunnel junction memory cell 100 is Well under 
stood in the magnetic memory art and is Well understood for 
TMR memory cells. GMR and CMR memory cells have 
similar magnetic behavior but their magneto-resistance 
arises from different physical effects as the electrical con 
duction mechanisms are different. For instance, in a TMR 
based memory cell, the phenomenon is referred to as quan 
tum-mechanical tunneling or spin-dependent tunneling. In a 
TMR memory cell, the intermediate layer 108 is a thin 
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barrier of dielectric material through Which electrons quan 
tum mechanically tunnel betWeen the data layer 106 and the 
reference layer 110. 

[0043] In a GMR memory cell, the intermediate layer 108 
is a thin spacer layer of non-magnetic but conducting 
material. Here the conduction is a spin-dependent scattering 
of electrons passing betWeen the data layer 106 and the 
reference layer 110 though the intermediate layer 108. In 
either case, the resistance betWeen the data layer 106 and the 
reference layer 110 Will increase or decrease depending on 
the relative orientations of the magnetic ?elds M1 and M2. 
It is that difference in resistance that is sensed to determine 
if the data layer 106 is storing a logic state of “0” or a logic 
state of “1”. 

[0044] In at least one embodiment, the intermediate layer 
108 is a tunnel layer made from an electrically insulating 
material (a dielectric) that separates and electrically isolates 
the data layer 106 from the reference layer 110. Suitable 
dielectric materials for the dielectric intermediate layer 108 
may include, but are not limited to: Silicon Oxide (SiO2), 
Magnesium Oxide (MgO), Silicon Nitride (SiNX), Alumi 
num Oxide (A1203), Aluminum Nitride (AlNX), and Tanta 
lum Oxide (TaOX). 

[0045] In at least one other embodiment, the intermediate 
layer 108 is a tunnel layer made from a non-magnetic 
material such as a 3d, a 4d, or a 5d transition metal listed in 
the periodic table of the elements. Suitable non-magnetic 
materials for a non-magnetic intermediate layer 108 may 
include, but are not limited to: Copper (Cu), Gold (Au) and 
Silver (Ag). While the actual thickness of the intermediate 
layer 108 is dependent upon the materials selected to create 
the intermediate layer 108 and the type of tunnel memory 
cell desired, in general, the intermediate layer 108 may have 
a thickness of about 0.5 nm to about 5.0 nm. 

[0046] In many applications, read operations outnumber 
Write operations by a considerable factor. The bit of data 
stored in the data layer 106 can be read during a read 
operation performed upon the magnetic memory cell 100 by 
passing a read current IR through a given roW conductor and 
a given column conductor, and then measuring the resistance 
betWeen the data layer 106 and the reference layer 110. The 
logical state of the bit as a “1” or a “0” can be determined 
by sensing the magnitude of the resistance. 

[0047] It is generally appreciated in the magnetic memory 
arts that as the siZe of a magnetic bit decreases, the coer 
civity of the bit Will increase. For example, a 025x075 
micrometer bit may have a coercivity of about 40 Oe[1 
Oe=1000/(4*pi)A/m], Whereas a 015x045 micrometer bit 
may have a coercivity of about 75 Oe[1 Oe=1000/(4*pi) 

In general, the coercivity of a material Will decrease 
as temperature increases. For example a 100 degrees Celsius 
rise in temperature may impart a drop in coercivity by about 
50%. Upon a decrease in temperature to the original state, 
the original coercivity Will generally return. 

[0048] As noted above, the looping nature of the looping 
Write conductor 140 permits substantially a tWo fold con 
centration of magnetic ?eld strength betWeen the top 142 
and bottom 144 portions. To further reduce inadvertently 
sWitching the data layer 106‘ of a non-selected memory cell 
100‘, the combined ?eld strength is less than the coercivity 
of the unheated memory cell 100‘. More speci?cally, the 
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combined ?eld strength is suf?cient to overcome the coer 
civity of a heated memory cell 100, but not that of an 
unheated cell. This relative difference in selectively direct 
ing susceptibility to the Write ?eld advantageously reduces 
the half-select margin error, a condition Where memory cells 
exposed to some or all of the Write magnetic ?eld are 
inadvertently sWitched. 

[0049] In at least one embodiment, the requisite heat 
required to permit a selected cell to be Written may be 
achieved by passing a bias current through a given magnetic 
memory cell 100. Speci?cally, a heating pulse of about 1 to 
3 volts may be applied through a selected magnetic memory 
cell 100. The resistance encountered in the tunneling action 
of the current causes a signi?cant and localiZed rise in 
temperature Within the given magnetic memory cell 100. 
Generally this rise in temperature Will not substantially 
affect neighboring, but unselected magnetic memory cells 
100‘. In addition, the offset nature of the memory cell 100 
generally localiZes the resulting heating aWay from the roW 
102 and column 104. Should excessive heating result, it is 
unlikely that such excessive heat Will damage either the roW 
102 or the column 104. 

[0050] This ability of the memory 50 to store data is 
exempli?ed in FIG. 3. An externally supplied bias current, 
IB provided by a poWer source (not shoWn) is directed 
through the given magnetic memory cell 100 by selectively 
paring roW 300 and column 302. The tunneling of IB through 
the magnetic memory cell 100 produces heat 304 localiZed 
to the given magnetic memory cell 100. A magnetic ?eld 
inducing current IMF provided by a poWer source (not 
shoWn) is directed through the looping Write conductor 140. 
The resulting magnetic ?elds represented by curved arroWs 
306 and 308. As the combined vector of the magnetic ?elds 
306 and 308 is to the left, M2 Will be aligned to point to the 
left. In addition, although the orientation of the reference 
layer may be pinned-on-the ?y under appropriate circum 
stances, the ferromagnetic material comprising the reference 
layer 110 (be it soft or ?xed) is greater than the combined 
magnetic ?elds of 306 and 308, even When the reference 
layer 110 is heated. 

[0051] In at least one embodiment, IMF is directed 
through the looping Write conductor 140 substantially con 
temporaneously to the heating achieved Within the given 
magnetic memory cell 100. Under appropriate circum 
stances, the sensing of resistance to Within the given mag 
netic memory cell 100 may be performed folloWing the bias 
current pulse. Such sensing of resistance may be used to 
con?rm the Write operation upon the data layer 106. 

[0052] In further example, if the direction of current IMF 
is reversed in the looping Write conductor 140, the resultant 
magnetic ?eld Will have a vector in the counter clockWise 
direction. When heat 304 is present to suf?ciently elevate the 
temperature of data layer 106 and thereby reduce the coer 
civity, the counter clockWise vector of the magnetic ?eld 
Will align M2 to point to the right. It should be noted that if 
the magnetic ?eld M2 of the data layer 106 is already in line 
With the magnetic ?elds 306 and 308, the ?eld M2 Will not 
reverse it’s orientation even though the coercivity of the data 
layer has been suf?ciently reduced. In other Words, if the 
?eld M2 is already in line With the ?elds 306 and 308 it Will 
remain in line. 

[0053] Moreover, the combined magnetic ?elds 306 and 
308 of the looping Write conductor 140 are sufficient to 
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overcome the coercivity of heated data layer 106. As the 
combined magnetic Write ?elds 306 and 308 may overcome 
the coercivity of the data layer 106, the orientation of the 
magnetiZation M2 may be altered from one orientation to 
another. In at least one embodiment, the change in orienta 
tion performed upon the heated data layer 106 does not 
affect the orientation of the adjacent non-heated data layers 
in non-heated memory cell 210. 

[0054] As a result, in at least one embodiment, the bit to 
bit pitch of the memory cells 100 (distance betWeen the 
center points of each cell) may be decreased. Such shorten 
ing of bit to bit pitch is advantageous as it permits a greater 
density of memory cells in a given space, and therefore 
greater memory capacity. In addition, the relative siZe of the 
roWs and columns may be reduced as it is not necessary for 
them to supply the magnetic ?elds required for a Write 
operation, an advantageous condition alloWing greater a 
reduction in siZe. 

[0055] Another embodiment may be appreciated to be a 
computer system incorporating thermal-assisted sWitching 
magnetic memory 50. As has been described above, the 
physical siZe of thermal-assisted sWitching magnetic 
memory 50 is quite small, thereby permitting a greater 
volume of storage in the same physical space over contem 
porary memory devices. A computer With a main board, 
CPU and at least one memory store comprised of an embodi 
ment of the thermal-assisted sWitching magnetic memory 50 
described above is advantageously fast. 

[0056] While the invention has been described With ref 
erence to the preferred embodiment, it Will be understood by 
those skilled in the art that various alterations, changes and 
improvements may be made and equivalents may be sub 
stituted for the elements thereof and steps thereof Without 
departing from the scope of the present invention. In addi 
tion, many modi?cations may be made to adapt to a par 
ticular situation or material to the teachings of the invention 
Without departing from the essential scope thereof. Such 
alterations, changes, modi?cations, and improvements, 
though not expressly described above, are nevertheless 
intended and implied to be Within the scope and spirit of the 
invention. Therefore, it is intended that the invention not be 
limited to the particular embodiments disclosed as the best 
mode contemplated for carrying out this invention, but that 
the invention Will include all embodiments falling Within the 
scope of the appended claims. 

I claim: 
1. A thermal-assisted magnetic memory storage device 

comprising: 

a cross point array of magnetic tunnel junction memory 
cells, the memory cells comprising a material Wherein 
the coercivity is decreased upon an increase in tem 
perature; 

a plurality of separate looping Write conductors positioned 
Within close proximity about each magnetic tunnel 
junction memory cell. 

2. The thermal-assisted magnetic memory storage device 
of claim 1, Wherein the looping Write conductors are not in 
electrical contact With the memory cells. 

3. The thermal-assisted magnetic memory storage device 
of claim 1, Wherein the magnetic tunnel junction memory 
cells are offset. 
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4. The thermal-assisted magnetic memory storage device 
of claim 1, Wherein a bias current passing through a given 
memory cell causes localized Warming Within the given 
memory cell. 

5. A thermal-assisted magnetic memory storage device 
comprising: 

a plurality of parallel electrically conductive roWs; 

a plurality of parallel electrically conductive columns 
transverse to the roWs, the columns and roWs thereby 
forming a cross point array With a plurality of inter 
sections; 

a plurality of offset magnetic tunnel junction memory 
cells, each memory cell located proximately to and in 
electrical contact With an intersection betWeen a roW 

and column, the memory cells comprising a material 
With an alterable orientation of magnetiZation, Wherein 
the coercivity of the alterable material is decreased 
upon an increase in temperature; and 

a plurality of separate looping Write conductors positioned 
Within close proximity about each magnetic tunnel 
junction memory cell. 

6. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein the looping Write conductors are not in 
electrical contact With the memory cells. 

7. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein the looping Write conductors further 
comprise a ferromagnetic cladding. 

8. The thermally-assisted magnetic memory storage 
device of claim 5, Wherein during a Write operation; 

a bias current is applied to a given magnetic tunnel 
junction memory cell by a given conductive roW and a 
given conductive column, the bias current Warming the 
given magnetic tunnel junction memory cell; 

a Write magnetic ?eld is generated by a current ?oWing in 
the Write conductor, the looping nature of the conductor 
about the given magnetic tunnel junction memory cell 
doubling the Write magnetic ?eld saturating the given 
magnetic tunnel junction memory cell; 

Wherein the orientation of magnetiZation of the material 
may be changed, the magnetic ?eld provided by the 
Write conductor being greater than the coercivity of the 
heated material. 

9. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein the offset magnetic tunnel junction 
memory cell is joined to the conductive roW by a thin top 
conductor and joined to the conductive column by a thin 
bottom conductor, the top and bottom conductors laterally 
displacing the magnetic tunnel junction memory cell from 
the cross point axis. 

10. The thermal-assisted magnetic memory storage device 
of claim 9, Wherein the lateral displacement of the memory 
cell positions the top and bottom of the memory cell 
substantially betWeen the loops of the Write conductor. 

11. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein the plurality of looping Write conductors 
run parallel to the conductive roWs. 

12. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein the plurality of looping Write conductors 
run parallel to the conductive columns. 
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13. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein each memory cell further includes a 
reference layer characteriZed by a pinned orientation of 
magnetiZation. 

14. The thermal-assisted magnetic memory storage device 
of claim 5, Wherein each memory cell further includes a soft 
ferromagnetic reference layer, the soft reference layer hav 
ing a non-pinned orientation of magnetiZation. 

15. A thermal-assisted magnetic memory storage device 
comprising: 

a plurality of parallel electrically conductive roWs; 

a plurality of parallel electrically conductive columns 
transverse to the roWs, the columns and roWs thereby 
forming a cross point array With a plurality of inter 
sections; 

a plurality of offset magnetic tunnel junction memory 
cells, each memory cell located proximately to and in 
electrical contact With an intersection betWeen a roW 

and column, each memory cell including; 

a top offset electrical conductor joined to the roW and 
extending substantially transversely from the roW for a 
length at least the Width of the memory cell; 

at least one ferromagnetic data layer characteriZed by an 
alterable orientation of magnetiZation, the ferromag 
netic data layer comprising a material Wherein the 
coercivity is decreased upon an increase in tempera 
ture; 

an intermediate layer in contact With the data layer; 

a ferromagnetic reference layer in contact With the inter 
mediate layer, opposite from the data layer; 

a bottom offset electrical conductor parallel to and of 
substantially the same length as the top offset conduc 
tor, the bottom offset conductor joined to the column; 

Wherein the top and bottom offset conductors laterally 
offset the top and bottom of the memory cell from the 
cross point of the roW and column, the bottom offset 
conductor additionally vertically offsetting the memory 
cell from the column; and 

a plurality of separate looping Write conductors positioned 
Within close proximity to the top and bottom offset 
conductors of each memory cell, the looping Write 
conductors substantially in line With the laterally offset 
magnetic tunnel junction memory cells. 

16. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein the looping Write conductors are not in 
electrical contact With the memory cells. 

17. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein the looping Write conductors further 
comprise a ferromagnetic cladding. 

18. The thermally-assisted magnetic memory storage 
device of claim 15, Wherein during a Write operation; 

a bias current is applied to a given magnetic tunnel 
junction memory cell by a given conductive roW and a 
given conductive column, the bias current Warming the 
given magnetic tunnel junction memory cell; 

a Write magnetic ?eld is generated by a current ?oWing in 
the Write conductor, the looping nature of the conductor 
about the given magnetic tunnel junction memory cell 
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doubling the Write magnetic ?eld saturating the given 
magnetic tunnel junction memory cell; 

Wherein the orientation of magnetiZation of the material 
may be changed, the magnetic ?eld provided by the 
Write conductor being greater than the coercivity of the 
heated material. 

19. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein the lateral displacement of the memory 
cell positions the top and bottom of the memory cell 
substantially betWeen the loops of the Write conductor. 

20. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein the plurality of looping Write conduc 
tors run parallel to the conductive roWs. 

21. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein each memory cell further includes a 
reference layer characteriZed by a pinned orientation of 
magnetiZation. 

22. The thermal-assisted magnetic memory storage device 
of claim 15, Wherein each memory cell further includes a 
soft ferromagnetic reference layer, the soft reference layer 
having a non-pinned orientation of magnetiZation. 

23. A computer system comprising: 

a main board; 

at least one central processing unit (CPU) joined to the 
main board; 

at least one thermal-assisted magnetic memory store 
joined to the CPU by the main board, thermal-assisted 
magnetic memory including: 

a plurality of parallel electrically conductive roWs; 

a plurality of parallel electrically conductive columns 
transverse to the roWs, the columns and roWs thereby 
forming a cross point array With a plurality of inter 
sections; 
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a plurality of offset magnetic tunnel junction memory 
cells, each memory cell located proximately to and in 
electrical contact With an intersection betWeen a roW 

and column, the memory cells comprising a material 
With an alterable orientation of magnetiZation, Wherein 
the coercivity of the alterable material is decreased 
upon an increase in temperature; and 

a plurality of separate looping Write conductors positioned 
Within close proximity about each magnetic tunnel 
junction memory cell. 

24. The thermal-assisted magnetic memory storage device 
of claim 23, Wherein the looping Write conductors are not in 
electrical contact With the memory cells. 

25. The thermally-assisted magnetic memory storage 
device of claim 23, Wherein during a Write operation; 

a bias current is applied to a given magnetic tunnel 
junction memory cell by a given conductive roW and a 
given conductive column, the bias current Warming the 
given magnetic tunnel junction memory cell; 

a Write magnetic ?eld is generated by a current ?oWing in 
the Write conductor, the looping nature of the conductor 
about the given magnetic tunnel junction memory cell 
doubling the Write magnetic ?eld saturating the given 
magnetic tunnel junction memory cell; 

Wherein the orientation of magnetiZation of the material 
may be changed, the magnetic ?eld provided by the 
Write conductor being greater than the coercivity of the 
heated material. 


