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(57) ABSTRACT 

The invention provides an magnetic memory element having 
improved switching properties and Zero ?eld offset, and a 
manufacturing method thereof The element comprises a ?rst 
magnetic layer overlying a conductive layer and a nonmag 
netic layer overlying the ?rst magnetic layer. Next, a second 
magnetic layer is provided over the nonmagnetic layer, 
Wherein the second magnetic layer comprises an antiferro 
magnetic layer overlying a ferromagnetic free layer to apply 
a small bias to the ferromagnetic free layer. Then, the ?rst 
magnetic, nonmagnetic and second magnetic layers are 
patterned to form the memory element. 
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MAGNETORESISTIVE MEMORY OR SENSOR 
DEVICES HAVING IMPROVED SWITCHING 

PROPERTIES AND METHOD OF FABRICATION 

FIELD OF INVENTION 

[0001] The invention relates to a magnetic memory ele 
ment and a fabricating method thereof, and more particularly 
to a magnetic random access memory (MRAM) element 
having improved sWitching and sWitching ?eld offset prop 
erties. 

BACKGROUND OF THE INVENTION 

[0002] A magnetic random access memory (MRAM) is a 
non-volatile memory Which uses multiple layers of magne 
toresistive materials as memory storage elements. A typical 
MRAM array includes a number of conductive bit or digit 
lines intersected by conductive Word lines. At each inter 
section, a magnetoresistive element, commonly referred to 
as a magnetic tunnel junction (MTJ) memory element is 
formed. Each magnetic memory element includes a ?rst 
pinned ferromagnetic material layer (Where the magnetic 
?eld is ?xed) and a second free ferromagnetic material layer 
(Where the magnetic ?eld can, by programming, assume tWo 
different orientations). The tWo ferromagnetic layers are 
separated by a nonmagnetic layer. The direction of the 
magnetic vectors in the free and pinned layers, determines 
the stored state of the magnetic memory element. As such, 
the magnetic memory element has tWo stable magnetic 
states. In one magnetic direction of the free layer, the 
memory element has a high resistance de?ned as one logic 
value, eg “0,” and in the other magnetic direction of the 
free layer the memory element has a loW resistance, de?ned 
as the other logic value, eg “1.” The stored state of the 
memory element is generally read by providing a sense 
current through the magnetic memory element to determine 
its resistance. 

[0003] FIG. 1 illustrates an exemplary conventional 
MRAM structure including three magnetic memory ele 
ments 22, having respective associated conductive lines 18, 
28 Which may serve as Word lines and bit lines. Conductive 
lines 18, typically formed of copper, are formed in an 
insulating layer 16 formed over under-layers 14 of an 
integrated circuit (IC) substrate 10. Under-layers 14 may 
include, for example portions of integrated circuitry, such as 
CMOS circuitry. A pinned layer 20 is provided over the 
conductive lines 18. A nonmagnetic layer 24 is provided 
over the pinned layer 20. The nonmagnetic layer 24 is 
generally formed of aluminum oxide. A free layer 26 is 
provided over the nonmagnetic layer 24. Another conductive 
line 28 is formed over the free layer 26. 

[0004] SWitching of the memory elements 22 are not 
alWays reliable. Sometimes, the combined magnetic Write 
?elds applied by the Word and bit lines might not cause a 
memory element 22 to sWitch reliably. This problem is 
typically solved by increasing crystal anisotropy, coercivity 
or aspect ratio of the memory elements. 

[0005] HoWever, increasing the crystal anisotropy, coer 
civity or aspect ratio leads to another problem: the amount 
of current for sWitching the memory elements is also 
increased. Increasing the amount of current increases the 
amount of poWer consumed by the MRAM device and also 
requires larger bit lines, Word lines and Write circuits to 

J an. 22, 2004 

handle the higher currents. This, in turn, increases the 
expense of the MRAM device. 

[0006] A need exists to improve reliability of magnetic 
memory element sWitching Without increasing the sWitching 
current. 

SUMMARY OF THE INVENTION 

[0007] The invention provides a magnetic memory ele 
ment having improved sWitching and offset, and a manu 
facturing method thereof. In an exemplary embodiment of 
the invention, a ?rst conductor in a trench is provided in an 
insulating layer. An upper surface of the insulating layer and 
the ?rst conductor are planariZed. Then, a pinning structure 
is formed over the ?rst conductor and the insulating layer. 
Then, a nonmagnetic layer and a ferromagnetic free layer are 
consecutively formed over the pinning structure. Next, an 
antiferromagnetic layer is formed over the ferromagnetic 
free layer to apply a small bias to the ferromagnetic free 
layer Without causing it to be pinned. The bias alloWs the 
ferromagnetic free layer to be centered near the Zero mag 
netic sWitching ?eld more easily, thus alloWing improved 
repeatability in sWitching. In a preferred embodiment of the 
invention, the antiferromagnetic layer is no thicker than 
about 70 Angstroms. The layers are then patterned into 
magnetic memory elements. 

[0008] The above advantages and features of the invention 
Will be more clearly understood from the folloWing detailed 
description Which is provided in connection With the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic three-dimensional vieW of a 
portion of a conventional MRAM structure; 

[0010] FIG. 2 illustrates a partial cross-sectional vieW of 
a semiconductor topography, at an intermediate stage of the 
processing, Wherein a magnetic memory element Will be 
constructed in accordance With the invention; 

[0011] FIG. 3 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 2; 

[0012] FIG. 4 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 3; 

[0013] FIG. 5 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 4; 

[0014] FIG. 6 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 5; 

[0015] FIG. 7 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 6; 

[0016] FIG. 8 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 7; 

[0017] FIG. 9 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 8; 
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[0018] FIG. 10 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 9; 

[0019] FIG. 11 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 10; 

[0020] FIG. 12 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 11; 

[0021] FIG. 13 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 12; 

[0022] FIG. 14 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 13; 

[0023] FIG. 15 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 14; 

[0024] FIG. 16 illustrates a partial cross-sectional vieW of 
the magnetic memory element at a stage of processing 
subsequent to that shoWn in FIG. 15; 

[0025] FIG. 17 is a partial three-dimensional vieW of the 
magnetic memory element at a stage of processing subse 
quent to that shoWn in FIG. 16; 

[0026] FIG. 18 is a partial three-dimensional vieW of the 
magnetic memory element at a stage of processing subse 
quent to that shoWn in FIG. 17; 

[0027] FIG. 19 is a partial three-dimensional vieW of the 
magnetic memory element at a stage of processing subse 
quent to that shoWn in FIG. 18; 

[0028] FIG. 20 is a partial three-dimensional vieW of the 
magnetic memory element at a stage of processing subse 
quent to that shoWn in FIG. 19; and 

[0029] FIG. 21 is a schematic diagram of a processor 
system incorporating an MRAM constructed in accordance 
With the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] In the folloWing detailed description, reference is 
made to various exemplary embodiments of the invention. 
These embodiments are described With sufficient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be 
employed, and that structural and electrical changes may be 
made Without departing from the spirit or scope of the 
invention. 

[0031] The term “substrate” used in the folloWing descrip 
tion may include any semiconductor-based structure that has 
an exposed semiconductor surface. Structure must be under 
stood to include silicon, silicon-on insulator (SOI), silicon 
on sapphire (SOS), doped and undoped semiconductors, 
epitaxial layers of silicon supported by a base semiconductor 
foundation, and other semiconductor structures. The semi 
conductor need not be silicon-based. The semiconductor 
could be silicon-germanium, germanium, or gallium-ars 
enide. When reference is made to substrate in the folloWing 
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description, previous process steps may have been utiliZed 
to form regions or junctions in or on the base semiconductor 
or foundation. 

[0032] Referring noW to the draWings, Where like ele 
ments are designated by like reference numerals, FIGS. 2-20 
illustrate an exemplary embodiment of a method of forming 
a magnetic memory element according to the invention. 
FIG. 2 depicts a portion of a semiconductor substrate 50 on 
Which an underlying layer 52 has been already formed 
according to Well-knoWn methods of the prior art. The 
underlying layer 52 may include, for example, integrated 
circuit layers forming CMOS devices and circuits Which are 
used to operate an MRAM device containing many memory 
elements. 

[0033] Referring noW to FIG. 3, a ?rst insulating layer 53 
is formed over the substrate 50 and the underlying layer 52. 
Conductive vias 56 are formed Within ?rst the insulating 
layer 53 for connection With circuit components fabricated 
Within underlying layer 52. 
[0034] Referring noW to FIG. 4, a second insulating layer 
54 is formed over the ?rst insulating layer 53 and the 
conductive vias 56. In an exemplary embodiment of the 
invention, the insulating layers 53 and 54 are blanket depos 
ited by plasma enhanced chemical vapor deposition 
(PECVD) to a thickness of about 1,000 Angstroms to about 
10,000 Angstroms. HoWever, other knoWn deposition meth 
ods, such as sputtering by chemical vapor deposition (CVD), 
spin coating, or physical vapor deposition (PVD), may be 
used also in accordance With the desired characteristics of 
the underlying layer 52. The insulating layers 53 and 54 may 
be formed of a conventional insulator, for example, a 
thermal oxide of silicon, such as SiO or SiO2, or a nitride, 
such as Si3N4, or BPSG. Alternatively, a high temperature 
polymer, such as a polyimide, or a loW dielectric constant 
inorganic material may also be employed. 
[0035] Next, as illustrated in FIG. 5, a photoresist layer 55 
is formed over the insulating layer 54. The photoresist layer 
55 is exposed through a mask 56 (FIG. 6) With high 
intensity UV light. The mask 56 may include any suitable 
pattern of opaque and clear regions that may depend, for 
example, on the desired pattern to be formed in the insulat 
ing layer 54. This Way, portions 55a of the photoresist layer 
55 are exposed through portions 56a of the mask 56 Wher 
ever portions of the insulating layer 54 need to be removed. 

[0036] Although FIG. 6 schematically illustrates mask 56 
positioned over the photoresist layer 55, those skilled in the 
art Will appreciate that mask 56 is typically spaced from the 
photoresist layer 55 and light passing through mask 56 is 
focussed onto the photoresist layer 55. After exposure and 
development of the exposed portions 55a, portions 55b of 
the unexposed and undeveloped photoresist layer 55 are left 
over the insulating layer 54, as shoWn in FIG. 7. This Way, 
openings 57 (FIG. 7) are formed in the photoresist layer 55. 
[0037] An etch step is next performed to obtain grooves 58 
in the insulating layer 54, as illustrated in FIGS. 8-9. The 
grooves 58 are etched to a depth of about 500 Angstroms to 
about 2,000 Angstroms, more preferably of about 1,000 
Angstroms. Subsequent to the formation of the grooves 58, 
the remaining portions 55b of the positive photoresist layer 
55 are then removed by chemicals, such as hot acetone or 
methylethylketone, or by ?ooding the substrate 50 With UV 
irradiation to degrade the remaining portions 55b to obtain 
the structure of FIG. 8. 
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[0038] Subsequent to the formation of the grooves 58 
(FIGS. 8-9), a thin barrier layer 59 is formed in the grooves 
58 and over the insulating layer 54, as shoWn in FIG. 10. 
The barrier layer 59 may comprise bonding materials such 
as tantalum (Ta), titanium (Ti), titanium-tungsten (TiW), 
titanium-nitride (TiN) or chromium (Cr), among others. The 
barrier layer 59 forms a strong mechanical and chemical 
bond betWeen the conductive material Which Will be formed 
later and the insulating layer 54 to help prevent peeling of 
the formed conductive layer from the insulating layer. In a 
preferred embodiment of the invention, the barrier layer 59 
is formed of sputtered tantalum. In this embodiment, tanta 
lum is deposited to a thickness of about 5 nm to about 10 nm. 
This layer may also be comprised of a ferromagnetic mate 
rial deposited on the barrier or in place of the barrier for the 
purpose of ?eld focusing. 

[0039] Next, as illustrated in FIG. 11, a conductive mate 
rial layer 60 is formed over the barrier layer 59 and the 
insulating layer 54 to ?ll in the grooves 58. In a preferred 
embodiment, the conductive material comprises copper 
(Cu). HoWever, other conductive materials such as alumi 
num, tungsten or gold, among others, may be used also. 
Further, metal alloys may be employed also, depending on 
desired characteristics of the IC device. 

[0040] The conductive material layer 60 is formed over 
the barrier layer 59 by deposition, for example, and then 
excess material is removed to form metal lines 62 (FIG. 12). 
In an exemplary embodiment of the invention, the excess 
conductive material layer 60 is removed via CMP. The top 
surfaces of the barrier layer 59 and the metal lines 62 are 
generally ?at and uniform across the entire surface of the 
substrate, as shoWn in FIG. 12. Each metal line 62 Will form 
the bit or digit line of a conventional magnetic memory 
element. 

[0041] Next, the processing steps for the completion of the 
magnetic memory elements 100 are noW carried out. A 
pinning structure 79 is formed over the metal lines 62. The 
pinning structure 79 may comprise at least one magnetic 
layer and may further comprise one or more nonmagnetic 
layers. The pinning structure 79 may be formed of various 
material layers, described beloW in more detail, Which are 
successively deposited over the metal lines 62. 

[0042] In an exemplary embodiment of the invention as 
illustrated in FIG. 13, a ?rst tantalum (Ta) layer 71 (of about 
20-400 Angstroms thick, more preferably of about 50 Ang 
stroms thick), a nickel-iron (NiFe) seed layer 73 (of about 
10-100 Angstroms thick, more preferably of about 60 Ang 
stroms thick), a manganese-iron (MnFe) anti-ferromagnetic 
layer 75 (of about 10-100 Angstroms thick, more preferably 
of about 100 Angstroms thick) and a nickel-iron (NiFe) 
pinned layer 77 (of about 10-100 Angstroms thick, more 
preferably of about 60 Angstroms thick) are successively 
blanket deposited over the substrate to form the pinning 
structure 79. Deposition of the layers 71, 73, 75 and 77 may 
be accomplished by magnetron sputtering, for example. 
HoWever, other conventional deposition methods may also 
be used, as desired. 

[0043] FolloWing the deposition of the layers 71, 73, 75 
and 77, a nonmagnetic, electrically nonconductive layer 80 
formed of, for example, aluminum oxide (A1203) (of about 
5-25 Angstroms thick, more preferably of about 15 Ang 
stroms thick) is next formed overlying the pinning structure 
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79, as shoWn in FIG. 14. Although aluminum oxide is the 
preferred material, it must be understood that the invention 
is not limited to its use, and other non-magnetic materials, 
such as copper (Cu), titanium-oxide (TiOZ), magnesium 
oxide (MgO), silicon oxide (SiO2) or aluminum-nitride 
(AlN), may be used also. 

[0044] Referring noW to FIG. 15, a sensing structure 89 is 
deposited over the nonmagnetic layer 80. The sensing struc 
ture 89, like the pinning structure 79, may also comprise a 
plurality of layers. The layers may be formed of various 
material layers, Which are successively deposited over the 
nonmagnetic layer 80. 
[0045] Accordingly, in an exemplary embodiment of the 
invention, a nickel-iron (NiFe) free layer 81 (of about 
10-100 Angstroms thick, more preferably of about 40 Ang 
stroms thick), an antiferromagnetic layer 83 (preferably less 
than 70 Angstroms thick), a tantalum cap layer 85 (of about 
10-100 Angstroms thick, more preferably of about 50 Ang 
stroms thick), and a conductive layer 87 (of about 100-400 
Angstroms thick, more preferably of about 200-300 Ang 
stroms thick) are successively blanket deposited over the 
nonmagnetic layer 80, to form the sensing structure 89, as 
shoWn in FIG. 15. Deposition of the layers 81, 83, 85 and 
87 may be accomplished by magnetron sputtering, for 
example, but other conventional deposition methods may be 
used also, depending on the characteristics of the IC devices 
constructed prior to the formation of the magnetic memory 
elements 100 (FIG. 20). 
[0046] In an exemplary embodiment of the invention, the 
antiferromagnetic layer 83 may be formed of IrMn, FeMn, 
NiMn, PtMn, NiO, CoNiO and synthetic layers comprised 
of tWo ferromagnetic layers separated by a metal, for 
example, Ruthenium. The antiferromagnetic layer 83 is used 
to apply a small bias to the ferromagnetic free layer 81 of 
sensing structure 89 Without causing the sensing structure to 
be pinned in a particular orientation. In other Words, by 
applying a bias With the antiferromagnetic layer 83, the 
sensing structure 89 can more easily be centered about the 
Zero magnetic ?eld. Any bias Which alloWs the exchange 
?eld betWeen the antiferromagnetic layer 83 and the ferro 
magnetic free layer 81 to be less than the shape dependent 
coercivity of the device is acceptable. Also, the slight bias 
applied by the antiferromagnetic layer 83 stabiliZes the 
ferromagnetic free layer 81, thus alloWing the sensing struc 
ture 89 and memory element as a Whole to exhibit improved 
repeatability in sWitching. Also, in a preferred embodiment 
of the invention, the antiferromagnetic layer 83 has a thick 
ness less than about 70 Angstroms. This alloWs the ferro 
magnetic free layer to be magnetiZed in a direction de?ned 
by a ?eld applied With either a nearby current through a line 
or an external ?eld. 

[0047] The conductive layer 87 may be formed of tung 
sten-nitrogen (WN), Which is deposited to a thickness of 
about 100-400 Angstroms, more preferably of about 200 
300 Angstroms. HoWever, the invention is not limited to this 
exemplary embodiment, this layer may be comprised of a 
resistive material such as WN, TaN, WsiN, and others. This 
layer may act as a series resistor and or a CMP stopping 
layer dependent on the material and thickness chosen. Mate 
rials such as amorphous carbon, various oxides, and nitrides 
may be used as CMP stops as Well as series resistors. 

[0048] Next, the layers 71, 73, 75, 77, 80, 81, 83, 85 and 
87 (FIGS. 13-15) are patterned into a plurality of magnetic 
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memory elements 100 (FIGS. 16-17). Thus, each magnetic 
memory element 100 includes the pinning structure 79 
separated from the sensing structure 89 by the nonmagnetic 
layer 80. For simplicity, the multilayer stack forming the 
pinning structure 79 is illustrated in FIG. 17 as a single layer. 
Similarly, the multilayer stack forming the sensing structure 
89 is also illustrated in FIG. 17 as a single layer. It must be 
understood, hoWever, that the pinning structure 79 includes 
portions of the copper line 62 and of the layers 71, 73, 75 and 
77, While the sensing structure 89 includes portions of the 
layers 81, 83, 85 and 87. 

[0049] Patterning of the plurality of layers forming the 
pinning 79 and sensing 89 structures of the magnetic 
memory elements 100 (FIG. 17), that is patterning of layers 
71, 73, 75, 77, 80, 81, 83, 85 and 87 may be accomplished 
by ion milling, Which typically involves physical sputtering 
of each layer by an argon ion beam. Patterning may be also 
accomplished by using a reactive plasma etch, performed, 
for example, in electron cyclotron resonance (ECR) or other 
high density plasmas, such as an inductively coupled plasma 
system, or a helicon plasma system containing chlorine as 
the source gas. A mixture of chlorine With other gases, such 
as argon, neon or helium, among others, may be used also. 
In any event, the pinning 79 and sensing 89 structures are 
patterned and etched so that the pinning structure 79 is over 
and corresponds to the metal lines 62 that form the bottom 
electrodes of the pinning structure 79. 

[0050] The invention thus provides a magnetic memory 
element 100 having a pinning structure 79 formed over the 
?rst conductor 62, a nonmagnetic layer 80 formed over the 
pinning structure 79, and a sensing structure 89 formed over 
the nonmagnetic layer 80. The sensing structure 89 includ 
ing antiferromagnetic layer 83, applies a small magnetic bias 
to the ferromagnetic free layer of the sensing structure 89 
Without causing the sensing structure to be pinned. The bias 
alloWs the sensing structure 89 to be centered near the Zero 
?eld more easily, thus alloWing improved repeatability in 
sWitching. 

[0051] After formation of the memory element 100 (FIG. 
17), an insulating layer 95 (FIG. 18) is formed overlying the 
substrate 50 including the magnetic memory elements 100 to 
a thickness of about 90-10,000 Angstroms, more preferably 
of about 5,000 Angstroms. The insulating layer 95 com 
pletely ?lls the spaces betWeen any adjacent magnetic 
memory elements 100, as shoWn in FIG. 18. In an exem 
plary embodiment of the invention, the insulating layer 95 is 
formed of a nitride material such as silicon-nitride (Si3N4), 
Which may be formed by conventional deposition methods, 
such as sputtering by chemical vapor deposition (CVD), 
plasma enhanced CVD (PECVD), or physical vapor depo 
sition (PVD), among others. HoWever, other conventional 
insulating materials, for example, BPSG, aluminum oxide, a 
thermal oxide of silicon, such as SiO or SiO2, or a high 
temperature polymer, such as a polyimide, a loW dielectric 
constant inorganic material, amorphous dielectric, or bias 
sputtered quartZ may also be employed. 

[0052] Subsequent to the formation of the insulating layer 
95 (FIG. 18), portions of the insulating layer 95 that are 
formed over the top surface of the magnetic memory ele 
ments 100 are removed via CMP or Well-known RIE dry 
etching processes. In an exemplary embodiment of the 
invention, the insulating layer 95 is planariZed using an 
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abrasive polish to remove the top surface of the insulating 
layer 95 above the magnetic memory elements 100, doWn to 
or near the planar surface of the top surface of the conduc 
tive layer 87, to form respective MRAM contacts 99 in the 
insulating layer 95, as illustrated in FIG. 19. This Way, the 
conductive layer 87, Which Was formed as part of the sensing 
structure 89 of the magnetic memory element 100, acts as a 
CMP stop layer in the formation of the contacts 99. 

[0053] Additional steps to create a functional MRAM 
device containing the memory elements 100 may be carried 
out. For example, FIG. 20 illustrates schematically three 
MRAM element structures 100 coupled to a fabricated Word 
line 93 at respective MRAM contacts 99. As knoWn in the 
art, the Word line 93 may be formed of copper, for example, 
by patterning a mask on a dielectric layer, Which is formed 
over the sensing structure 89 including the MRAM contacts 
99, and by forming a trench in the dielectric layer in Which 
conductive Word line 93 is formed in a direction orthogonal 
to that of the conductors 62. For a better understanding of the 
invention, the insulating layer 95 has been omitted in FIG. 
20 to illustrate the pinning 79 and sensing 89 structures 
beloW the Word line 93. HoWever, it must be understood that 
the space betWeen the pinning 79 and sensing 89 structures 
and beloW the Word line 93 is ?lled With the insulating layer 
95. 

[0054] Although FIG. 20 illustrates MRAM contacts 99 in 
direct contact and adjacent to the Word line 93, it must be 
understood that the invention is not limited to this embodi 
ment, and other interceding structures, such as conductive 
plugs and/or metal lines from the MRAM contacts 99 to the 
Word line 93 may be formed also, as desired. 

[0055] FIG. 21 illustrates an exemplary processing system 
900 Which may utiliZe an MRAM memory device 400 Which 
incorporates the memory elements 100 according to the 
invention as described above With reference to FIGS. 2 
through 20. The processing system 900 includes one or 
more processors 901 coupled to a local bus 904. A memory 
controller 902 and a primary bus bridge 903 are also coupled 
the local bus 904. The processing system 900 may include 
multiple memory controllers 902 and/or multiple primary 
bus bridges 903. The memory controller 902 and the primary 
bus bridge 903 may be integrated as a single device 906. 

[0056] The memory controller 902 is also coupled to one 
or more memory buses 907. Each memory bus accepts 
memory components 908 Which include at least one memory 
device 400 according to the invention. The memory com 
ponents 908 may be a memory card or a memory module. 
Examples of memory modules include single inline memory 
modules (SIMMs) and dual inline memory modules 
(DIMMs). The memory components 908 may include one or 
more additional devices 909. For example, in a SIMM or 
DIMM, the additional device 909 might be a con?guration 
memory, such as a serial presence detect (SPD) memory. 
The memory controller 902 may also be coupled to a cache 
memory 905. The cache memory 905 may be the only cache 
memory in the processing system. Alternatively, other 
devices, for example, processors 901 may also include cache 
memories, Which may form a cache hierarchy With cache 
memory 905. If the processing system 900 include periph 
erals or controllers Which are bus masters or Which support 
direct memory access (DMA), the memory controller 902 
may implement a cache coherency protocol. If the memory 
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controller 902 is coupled to a plurality of memory buses 907, 
each memory bus 907 may be operated in parallel, or 
different address ranges may be mapped to different memory 
buses 907. 

[0057] The primary bus bridge 903 is coupled to at least 
one peripheral bus 910. Various devices, such as peripherals 
or additional bus bridges may be coupled to the peripheral 
bus 910. These devices may include a storage controller 911, 
an miselementaneous I/O device 914, a secondary bus 
bridge 915, a multimedia processor 918, and an legacy 
device interface 920. The primary bus bridge 903 may also 
coupled to one or more special purpose high speed ports 
922. In a personal computer, for example, the special pur 
pose port might be the Accelerated Graphics Port (AGP), 
used to couple a high performance video card to the pro 
cessing system 900. 

[0058] The storage controller 911 couples one or more 
storage devices 913, via a storage bus 912, to the peripheral 
bus 910. For example, the storage controller 911 may be a 
SCSI controller and storage devices 913 may be SCSI discs. 
The U0 device 914 may be any sort of peripheral. For 
example, the I/O device 914 may be an local area netWork 
interface, such as an Ethernet card. The secondary bus 
bridge may be used to interface additional devices via 
another bus to the processing system. For example, the 
secondary bus bridge may be an universal serial port (USB) 
controller used to couple USB devices 917 via to the 
processing system 900. The multimedia processor 918 may 
be a sound card, a video capture card, or any other type of 
media interface, Which may also be coupled to one addi 
tional devices such as speakers 919. The legacy device 
interface 920 is used to couple legacy devices, for example, 
older styled keyboards and mice, to the processing system 
900. 

[0059] The processing system 900 illustrated in FIG. 21 is 
only an exemplary processing system With Which the inven 
tion may be used. While FIG. 21 illustrates a processing 
architecture especially suitable for a general purpose com 
puter, such as a personal computer or a Workstation, it 
should be recogniZed that Well knoWn modi?cations can be 
made to con?gure the processing system 900 to become 
more suitable for use in a variety of applications. For 
example, many electronic devices Which require processing 
may be implemented using a simpler architecture Which 
relies on a CPU 901 coupled to memory components 908 
and/or memory devices 400. These electronic devices may 
include, but are not limited to audio/video processors and 
recorders, gaming consoles, digital television sets, Wired or 
Wireless telephones, navigation devices (including system 
based on the global positioning system (GPS) and/or inertial 
navigation), and digital cameras and/or recorders. The modi 
?cations may include, for example, elimination of unneces 
sary components, addition of specialiZed devices or circuits, 
and/or integration of a plurality of devices. 

[0060] Although the exemplary embodiments described 
above illustrate the formation of three magnetic memory 
elements 100 having respective antiferromagnetic layer 83 
(FIGS. 15-16). In addition, although the exemplary embodi 
ments described above refer to a speci?c topography of the 
magnetic memory elements With speci?c magnetic materials 
forming such structures, it must be understood that the 
invention is not limited to the above-mentioned magnetic 
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materials, and other magnetic and ferromagnetic materials, 
such as nickel-iron (Permalloy) or iron, among others, may 
be used also. Further, although the exemplary embodiments 
described above refer to patterning of the magnetic memory 
elements by reactive plasma etching, it must be understood 
that the invention contemplates the use of other methods of 
patterning and etching. 

[0061] The invention is thus not limited to the details of 
the illustrated embodiment. Accordingly, the above descrip 
tion and draWings are only to be considered illustrative of 
exemplary embodiments Which achieve the features and 
advantages of the invention. Modi?cations and substitutions 
to speci?c process conditions and structures can be made 
Without departing from the spirit and scope of the invention. 
Accordingly, the invention is not to be considered as being 
limited by the foregoing description and draWings, but is 
only limited by the scope of the appended claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. Amethod of fabricating a memory element comprising 

the steps of: 

forming a ?rst conductor over a substrate; 

forming a pinned magnetic structure over and electrically 
connected With said ?rst conductor; 

forming a nonmagnetic layer over said pinned magnetic 
structure; 

forming a sensing magnetic structure over said nonmag 
netic layer, said sensing structure including an antifer 
romagnetic layer magnetically connected to at least one 
ferromagnetic free layer to provide a magnetic bias to 
said at least one free ferromagnetic layer; and 

forming a second conductor over and electrically con 
nected With said sensing structure. 

2. The method of claim 1 Wherein said antiferromagnetic 
layer is selected from the group consisting of IrMn, FeMn, 
NiMn, PtMn, NiO, and CoNiO. 

3. The method of claim 1 Wherein said antiferromagnetic 
layer comprises one or more synthetic layers each having 
tWo ferromagnetic layers separated by a metal. 

4. The method of claim 1 Wherein said antiferromagnetic 
layer is formed to a thickness of less than about 70 Ang 
stroms. 

5. The method of claim 4 Wherein said pinned structure is 
formed of a plurality of layers including at least one pinned 
layer. 

6. The method of claim 1 Wherein said nonmagnetic layer 
comprises aluminum oxide. 

7. The method of claim 1 Wherein said bias is applied to 
said ferromagnetic free layer utiliZing said antiferromag 
netic layer. 

8. The method of claim 7 Wherein said bias alloWs an 
exchange ?eld betWeen said ferromagnetic free layer and 
said antiferromagnetic layer to be less than a shape depen 
dent coercivity of said element. 

9. Amethod of fabricating a memory element comprising 
the steps of: 

forming a ?rst pinned magnetic structure over a conduc 
tive layer; 

forming a nonmagnetic layer over said ?rst pinned mag 
netic structure; 
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forming a second free magnetic structure over said non 
magnetic layer, Wherein said second free magnetic 
structure comprises an antiferromagnetic layer overly 
ing a ferromagnetic free layer and applying a magnetic 
bias thereto; and 

patterning said ?rst pinned magnetic structure, nonmag 
netic layer and second free magnetic structure to form 
said memory element. 

10. The method of claim 9 Wherein said antiferromagnetic 
layer is selected from the group consisting of IrMn, FeMn, 
NiMn, PtMn, NiO, and CoNiO. 

11. The method of claim 9 Wherein said antiferromagnetic 
layer includes one or more synthetic layers each having tWo 
ferromagnetic layers separated by a metal. 

12. The method of claim 9 Wherein said antiferromagnetic 
layer is formed to a thickness of less than about 70 Ang 
stroms. 

13. The method of claim 9 Wherein said second free 
magnetic structure comprises a plurality of layers including 
at least one sense layer. 

14. The method of claim 9 Wherein said ?rst pinned 
magnetic structure comprises a plurality of layers including 
at least one pinned layer. 

15. The method of claim 9 Wherein said nonmagnetic 
layer comprises aluminum oXide. 

16. The method of claim 9 Wherein said bias is applied to 
said ferromagnetic free layer using said antiferromagnetic 
layer. 

17. The method of claim 16 Wherein said bias alloWs an 
eXchange ?eld betWeen said ferromagnetic free layer and 
said antiferromagnetic layer to be less than a shape depen 
dent coercivity of said element. 

18. A memory element structure comprising: 

a ?rst conductor overlying a substrate; 

a pinned magnetic structure overlying and electrically 
connected With said ?rst conductor; 

a nonmagnetic layer overlying said pinned magnetic 
structure; 

a sensing magnetic structure overlying said nonmagnetic 
layer, said sensing magnetic structure including an 
antiferromagnetic layer magnetically coupled to at least 
one ferromagnetic free layer producing a magnetic bias 
to said at least one free layer; and 

a second conductor overlying and electrically connected 
With said sensing magnetic structure. 

19. The structure of claim 18 Wherein said antiferromag 
netic layer is selected from the group consisting of IrMn, 
FeMn, NiMn, PtMn, NiO, and CoNiO. 

20. The structure of claim 18 Wherein said antiferromag 
netic layer includes one or more synthetic layers each 
comprising tWo ferromagnetic layers separated by a metal. 

21. The structure of claim 18 Wherein said antiferromag 
netic layer is formed to a thickness of less than about 70 
Angstroms. 

22. The structure of claim 18 Wherein said pinned mag 
netic structure comprises a plurality of layers including at 
least one pinned layer. 

23. The structure of claim 18 Wherein said nonmagnetic 
layer comprises aluminum oXide. 
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24. The structure of claim 18 Wherein said antiferromag 
netic layer provides said bias to said ferromagnetic free 
layer. 

25. The structure of claim 24 having an eXchange ?eld 
betWeen said ferromagnetic free layer and said antiferro 
magnetic layer that is less than a shape dependent coercivity 
of said element. 

26. A memory element structure comprising: 

a ?rst pinned magnetic structure overlying a conductive 
layer; 

a nonmagnetic layer overlying said ?rst pinned magnetic 
structure; 

a second free magnetic structure overlying said nonmag 
netic layer, Wherein said second free magnetic structure 
comprises an antiferromagnetic layer overlying a fer 
romagnetic free layer said ferromagnetic free layer 
having a bias applied thereto; and 

said ?rst pinned magnetic structure, nonmagnetic layer 
and second free magnetic structures patterned to form 
said memory element. 

27. The structure of claim 26 Wherein said antiferromag 
netic layer is selected from the group consisting of IrMn, 
FeMn, NiMn, PtMn, NiO, and CoNiO. 

28. The structure of claim 26 Wherein said antiferromag 
netic layer comprises one or more synthetic layers each 
having tWo ferromagnetic layers separated by a metal. 

29. The structure of claim 26 Wherein said antiferromag 
netic layer is formed to a thickness of less than about 70 
Angstroms. 

30. The structure of claim 26 Wherein said second free 
magnetic structure includes at least one sense layer. 

31. The structure of claim 26 Wherein said ?rst pinned 
magnetic structure includes at least one pinned layer. 

32. The structure of claim 26 Wherein said nonmagnetic 
layer comprises aluminum oXide. 

33. The structure of claim 26 Wherein said bias is provided 
by said antiferromagnetic layer. 

34. The structure of claim 33 having an eXchange ?eld 
betWeen said ferromagnetic free layer and said antiferro 
magnetic layer that is less than a shape dependent coercivity 
of said element. 

35. A memory device comprising: 

at least one magnetic random access memory element, 
said magnetic random access memory element com 
prising: 
a ?rst pinned magnetic structure overlying a conductive 

layer; 
a nonmagnetic layer overlying said ?rst pinned mag 

netic structure; 

a second free magnetic structure overlying said non 
magnetic layer, Wherein said second free magnetic 
structure comprises an antiferromagnetic layer over 
lying a ferromagnetic free layer said ferromagnetic 
free layer having a bias applied thereto; and 

said ?rst pinned magnetic structure, nonmagnetic layer 
and second free magnetic structures patterned to 
form said memory element. 

36. The device of claim 35 Wherein said antiferromagnetic 
layer is selected from the group consisting of IrMn, FeMn, 
NiMn, PtMn, NiO, and CoNiO. 




