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(54) MAGNETIC ELEMENTS WITH BALLISTIC (57) ABSTRACT 
MAGNETORESISTANCE UTILIZING 
SPIN-TRANSFER AND AN MRAM DEVICE 
USING SUCH MAGNETIC ELEMENTS A method and system for providing a magnetic element is 
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MAGNETIC ELEMENTS WITH BALLISTIC 
MAGNETORESISTANCE UTILIZING 

SPIN-TRANSFER AND AN MRAM DEVICE USING 
SUCH MAGNETIC ELEMENTS 

FIELD OF THE INVENTION 

[0001] The present invention relates to magnetic memory 
systems, and more particularly to a method and system for 
providing an element that employs a spin transfer effect in 
switching and that can be used in a magnetic memory such 
as magnetic random access memory (“MRAM”). 

BACKGROUND OF THE INVENTION 

[0002] FIGS. 1A and 1B depict conventional magnetic 
elements 10 and 10‘. The conventional magnetic element 1 
is a spin valve 10 and includes a conventional antiferromag 
netic (AFM) layer 12, a conventional pinned layer 14, a 
conventional nonmagnetic spacer layer 16 and a conven 
tional free layer 18. The conventional pinned layer 14 and 
the conventional free layer 18 are ferromagnetic. The con 
ventional nonmagnetic spacer layer 16 is nonmagnetic and 
conductive. The AFM layer 12 is used to ?x, or pin, the 
magnetiZation of the pinned layer 14 in a particular direc 
tion. The magnetiZation of the free layer 18 is free to rotate, 
typically in response to an external magnetic ?eld. The 
conventional magnetic element 10‘ depicted in FIG. 1B is a 
spin tunneling junction. Portions of the conventional spin 
tunneling junction 10‘ are analogous to the conventional spin 
valve 10. Thus, the conventional magnetic element 10‘ 
includes an AFM layer 12‘, a conventional pinned layer 14‘, 
a conventional insulating barrier layer 16‘ and a conven 
tional free layer 18‘. The conventional barrier layer 16‘ is 
thin enough for electrons to tunnel through in a conventional 
spin tunneling junction 10‘. 

[0003] Depending upon the orientations of the magneti 
Zations of the conventional free layer 18/18‘ and the con 
ventional pinned layer 14/14‘, respectively, the resistance of 
the conventional magnetic element 10/10‘, respectively, 
changes. When the magnetiZations of the conventional free 
layer 18/18‘ and conventional pinned layer 14/14‘ are par 
allel, the resistance of the conventional magnetic element 
/10‘10 is loW. When the magnetiZations of the conventional 
free layer 18/18‘ and the conventional pinned layer 14/14‘ 
are antiparallel, the resistance of the conventional magnetic 
element 10/10‘ is high. 

[0004] To sense the resistance of the conventional mag 
netic element 10/10‘, current is driven through the conven 
tional magnetic element 10/10‘. Current can be driven in one 
of tWo con?gurations, current in plane (“CIP”) and current 
perpendicular to the plane (“CPP”). In the CPP con?gura 
tion, current is driven perpendicular to the layers of con 
ventional magnetic element 10/10‘ (up or doWn as seen in 
FIG. 1A or 1B). 

[0005] One of ordinary skill in the art Will readily recog 
niZe that the conventional magnetic elements 10 and 10‘ may 
not function at higher memory cell densities. The magnetic 
?eld required to sWitch the magnetiZation of the free layer 18 
or 18‘ (sWitching ?eld) is inversely proportional to the Width 
of the conventional magnetic element 10 or 10‘, respectively. 
Because the sWitching ?eld is higher for smaller magnetic 
elements, the current required to generate the external mag 
netic ?eld increases dramatically for higher magnetic 
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memory cell densities. Consequently, cross talk, poWer 
consumption, and the probability that nearby cells Will be 
inadvertently sWitched may increase. The driving circuits 
used to drive the current that generates the sWitching ?eld 
could also increase in area and complexity. This upper limit 
on the Write current amplitude can lead to reliability issues 
because some cells are harder to sWitch than others (due to 
fabrication and material nonuniformity) and may fail to 
Write consistently. 

[0006] In order to overcome some of the issues associated 
With magnetic memories having a higher density of memory 
cells, spin transfer may be utiliZed to sWitch the magneti 
Zations 19/19‘ of the conventional free layers 10/10‘. Spin 
transfer is described in the context of the conventional 
magnetic element 10‘, but is equally applicable to the 
conventional magnetic element 10. Current knoWledge of 
spin transfer is described in detail in the folloWing publica 
tions: J. C. SloncZeWski, “Current-driven Excitation of 
Magnetic Multilayers,”J0arnal of Magnetism and Magnetic 
Materials, vol. 159, p. L1 (1996); L. Berger, “Emission of 
Spin Waves by a Magnetic Multilayer Traversed by a 
Current,”Phys. Rev. B, vol. 54, p. 9353 (1996), and in F. J. 
Albert, J. A. Katine and R. A. Buhrman, “Spin-polarized 
Current SWitching of a C0 Thin Film Nanomagnet,”Appl. 
Phys. Lett., vol. 77, No. 23, p. 3809 (2000). Thus, the 
folloWing description of the spin transfer phenomenon is 
based upon current knowledge and is not intended to limit 
the scope of the invention. 

[0007] When a spin-polariZed current traverses a magnetic 
multilayer such as the spin tunneling junction 10‘ in a CPP 
con?guration, a portion of the spin angular momentum of 
electrons incident on a ferromagnetic layer may be trans 
ferred to the ferromagnetic layer. In particular, electrons 
incident on the conventional free layer 18‘ may transfer a 
portion of their spin angular momentum to the conventional 
free layer 18‘. As a result, a spin-polariZed current can sWitch 
the magnetiZation 19‘ direction of the conventional free layer 
18‘ if the current density is suf?ciently high (approximately 
107-108 A/cm2) and the lateral dimensions of the spin 
tunneling junction are small (approximately less than tWo 
hundred nanometers). In addition, for spin transfer to be able 
to sWitch the magnetiZation 19‘ direction of the conventional 
free layer 18‘, the conventional free layer 18‘ should be 
suf?ciently thin, for instance, preferably less than approxi 
mately ten nanometers for Co. Spin transfer based sWitching 
of magnetiZation dominates over other sWitching mecha 
nisms and becomes observable When the lateral dimensions 
of the conventional magnetic element 10/10‘ are small, in the 
range of feW hundred nanometers. Consequently, spin trans 
fer is suitable for higher density magnetic memories having 
smaller magnetic elements 10/10‘. 

[0008] The phenomenon of spin transfer can be used in the 
CPP con?guration as an alternative to or in addition to using 
an external sWitching ?eld to sWitch the direction of mag 
netiZation 19‘ of the conventional free layer 18‘ of the 
conventional spin tunneling junction 10‘. For example, the 
magnetiZation 19‘ of the conventional free layer 18‘ can be 
sWitched from a direction antiparallel to the magnetiZation 
of the conventional pinned layer 14‘ to a direction parallel to 
the magnetiZation of the conventional pinned layer 14‘. 
Current is driven from the conventional free layer 18‘ to the 
conventional pinned layer 14‘ (conduction electrons travel 
ing from the conventional pinned layer 14‘ to the conven 
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tional free layer 18‘). Thus, the majority electrons traveling 
from the conventional pinned layer 14‘ have their spins 
polarized in the same direction as the magnetiZation of the 
conventional pinned layer 14‘. These electrons may transfer 
a suf?cient portion of their angular momentum to the con 
ventional free layer 18‘ to sWitch the magnetization 19‘ of the 
conventional free layer 18‘ to be parallel to that of the 
conventional pinned layer 14‘. Alternatively, the magnetiZa 
tion of the free layer 18‘ can be sWitched from a direction 
parallel to the magnetiZation of the conventional pinned 
layer 14‘ to antiparallel to the magnetiZation of the conven 
tional pinned layer 14‘. When current is driven from the 
conventional pinned layer 14‘ to the conventional free layer 
18‘ (conduction electrons traveling in the opposite direc 
tion), majority electrons have their spins polariZed in the 
direction of magnetiZation of the conventional free layer 18‘. 
These majority electrons are transmitted by the conventional 
pinned layer 14‘. The minority electrons are re?ected from 
the conventional pinned layer 14‘, return to the conventional 
free layer 18‘ and may transfer a suf?cient amount of their 
angular momentum to sWitch the magnetiZation 19‘ of the 
free layer 18‘ antiparallel to that of the conventional pinned 
layer 14‘. 

[0009] In addition, ballistic magnetoresistance (ballistic 
MR) may be used to improve the signal from a magnetic 
element, particularly for smaller magnetic element siZes. 
The ballistic MR effect arises from nonadiabatic spin scat 
tering across very narroW (atomic scale) magnetic domain 
Walls trapped at nano-siZed conditions. Current knowledge 
of ballistic MR is described in detail in the folloWing 
publications: G. Tatara, Y.-W Zhao, M. MunoZ and N. 
Garcia, “Domain Wall Scattering Explains 300% Ballistic 
Magnetoconductance of Nanocontacts”, Physical Review 
Letters, vol. 83, p. 2030 (1999); Harsh Deep Chopra, and 
Susan Z. Hua, “Ballistic Magnetoresistance over 3000% in 
Ni Nanocontacts at Room Temperature”, Phys. Rev. B, vol. 
66, p. 020403-1 (2002); N. Garcia, M. MunoZ, V. V. Osipov, 
E. V. PoniZovskaya, G. G. Qian, I. G. Saveliev, and Y.-W. 
Zhao, “Ballistic Magnetoresistance in Different Nanocon 
tact Con?gurations: a Basic for Future Magnetoresistance 
Sensors”, Journal of Magnetism and Magnetic Materials, 
vol. 240, p. 92 (2002). The description of ballistic MR 
included herein is based upon current knoWledge and is not 
intended to limit the scope of the present invention. 

[0010] FIG. 2A depicts a conventional conductor 30 hav 
ing a length, I, that is greater than the mean free path of the 
charge carriers, Which are typically electrons. The paths 32 
of some electrons through the conventional conductor 30 are 
also shoWn. The paths 32 may be generated When current is 
driven through the conventional conductor 30 along its 
length. As the electrons traverse the conventional conductor 
30 along the length, each electron typically undergoes one or 
more scattering events. As a result, the paths 32 of the 
electrons ZigZag, as shoWn in FIG. 2A. 

[0011] FIG. 2B depicts a conventional conductor 30‘ 
having a length, I, that is less than the mean free path of the 
charge carriers, typically electrons. The paths 32‘ of some 
electrons through the conventional conductor 30‘ are also 
shoWn. The paths 32‘ may be generated When current is 
driven through the conventional conductor 30‘ along its 
length and the length of the conductor 30‘ is less than the 
mean free path of the electrons. Because the conventional 
conductor 30‘ is shorter than the electron mean free path, the 
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trajectory of the electrons is ballistic in nature. Conse 
quently, the paths 32‘ are relatively straight. 

[0012] Ballistic MR results in a large fractional change in 
resistance betWeen tWo magnetic regions having different 
orientations of magnetiZation. In conventional materials, 
regions of different magnetiZation orientation are termed 
domains and are separated by a domain Wall. In the domain 
Wall, the magnetiZation of the magnetic material changes to 
match that of the next domain. Domain Walls typically have 
a thickness of one hundred to tWo hundred nm or greater, 
Which is greater than the mean free path of electrons in the 
magnetic material. Consequently, ballistic MR does not 
typically contribute to the resistance of a magnetic material 
because the re?ections of electrons at the domain Wall are 
negligible. 

[0013] In contrast, FIG. 2C depicts a magnetic element 40 
including tWo magnetic electrodes 42 and 46 that are com 
posed of magnetic material and coupled through a nano 
contact 44. The nano-contact 44 is ferromagnetic and has a 
length, I, that is less than the mean free path of charge 
carriers in the nano-contact 44. In the case Where the 
magnetic electrodes 42 and 46 have opposite alignment, a 
domain Wall is con?ned Within the nano-contact 44. Thus, 
the magnetiZation changes direction in the nano-contact 44, 
as depicted in FIG. 2C. When the magnetiZations of the 
magnetic electrodes 42 and 46 are aligned antiparallel, the 
resistance of the magnetic element is a maximum because 
the charge carriers passing through the nano-contact 44, 
Which includes the domain Wall, experience an extremely 
large scattering moment. In contrast, When the magnetiZa 
tions of the magnetic electrodes 42 and 46 are aligned 
parallel, there is no domain Wall con?ned Within the nano 
contact 44. When the magnetiZations of the electrodes 42 
and 46 are parallel, therefore, the resistance of the magnetic 
element 40 is a minimum because charge carriers have a 
path that is ballistic in nature. For a conventional magnetic 
element 40, the ballistic MR is extremely large, in some 
cases Well over one hundred percent change in resistance 
betWeen the maximum and minimum resistances. 

[0014] Although ballistic MR may function, one of ordi 
nary skill in the art Will readily recogniZe that the magnetic 
elements are typically Written using a magnetic ?eld. In such 
a case, many of the draWbacks of conventional magnetic 
elements, such as the magnetic element 10 and 10‘, are still 
present. 

[0015] Accordingly, What is needed is a system and 
method for providing a magnetic memory element Which 
can be used in a memory array of high density, loW poWer 
consumption, loW cross talk, and high reliability, While 
providing suf?cient readout signal. The present invention 
addresses the need for such a magnetic memory element. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides a method and sys 
tem for providing a magnetic element. The method and 
system comprise providing a pinned layer, a magnetic 
current con?ned layer, and a free layer. The pinned layer is 
ferromagnetic and has a ?rst pinned layer magnetiZation. 
The magnetic current con?ned layer has at least one channel 
in an insulating matrix and resides betWeen the pinned layer 
and the free layer. The channel(s) are ferromagnetic, con 
ductive, and extend through the insulating matrix betWeen 



US 2005/0136600 Al 

the free layer and the pinned layer. The sizes of the chan 
nel(s) are suf?ciently small that charge carriers can give rise 
to ballistic magnetoresistance in the magnetic current con 
?ned layer. The free layer is ferromagnetic and has a free 
layer magnetiZation. In a preferred embodiment, the method 
and system also include providing a nonmagnetic spacer 
layer and another pinned layer. In the preferred embodiment, 
the magnetic element is con?gured to alloW the free layer to 
be sWitched using spin transfer. 

[0017] According to the system and method disclosed 
herein, the present invention provides a magnetic element 
that is preferably capable of being Written using the more 
ef?cient and localiZed spin-transfer sWitching While provid 
ing a high signal output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1A is a diagram of a conventional magnetic 
element, a spin valve. 

[0019] FIG. 1B is a diagram of another conventional 
magnetic element, a spin tunneling junction. 

[0020] FIG. 2A depicts hoW current carriers typically 
travel through a conductor. 

[0021] FIG. 2B depicts hoW current carriers travel 
through a conductor in a conventional ballistic manner. 

[0022] FIG. 2C depicts the change in magnetiZation for a 
conventional nanoconductor in Which ballistic magnetore 
sistance can occur. 

[0023] FIG. 3 is a diagram depicting one embodiment of 
a magnetic element utiliZing ballistic magnetoresistance and 
having a magnetic current con?ned layer in accordance With 
the present invention. 

[0024] FIG. 4 is a diagram depicting a second embodi 
ment of a magnetic element utiliZing ballistic magnetore 
sistance and having current con?ned layer(s) in accordance 
With the present invention. 

[0025] FIG. 5 is a diagram depicting a third embodiment 
of a magnetic element utiliZing ballistic magnetoresistance 
and having current con?ned layer(s) in accordance With the 
present invention. 

[0026] FIG. 6 is a diagram depicting a fourth embodiment 
of a magnetic element utiliZing ballistic magnetoresistance 
and having current con?ned layer(s) in accordance With the 
present invention. 

[0027] FIG. 7 is a high-level ?oW chart depicting one 
embodiment of a method in accordance With the present 
invention for providing a magnetic element utiliZing ballistic 
magnetoresistance and having magnetic current con?ned 
layer(s). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The present invention relates to an improvement in 
magnetic elements and magnetic memories, such as MRAM. 
The folloWing description is presented to enable one of 
ordinary skill in the art to make and use the invention and is 
provided in the context of a patent application and its 
requirements. Various modi?cations to the preferred 
embodiment Will be readily apparent to those skilled in the 
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art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to 
be limited to the embodiment shoWn, but is to be accorded 
the Widest scope consistent With the principles and features 
described herein. 

[0029] The present invention provides a method and sys 
tem for providing a magnetic element. The method and 
system comprise providing a pinned layer, a magnetic 
current con?ned layer, and a free layer. The pinned layer is 
ferromagnetic and has a ?rst pinned layer magnetiZation. 
The magnetic current con?ned layer has at least one channel 
in an insulating matrix and resides betWeen the pinned layer 
and the free layer. The channel(s) are ferromagnetic, con 
ductive, and extend through the insulating matrix betWeen 
the free layer and the pinned layer. The siZe(s) of the 
channel(s) are sufficiently small that charge carriers can give 
rise to ballistic magnetoresistance in the magnetic current 
con?ned layer. The free layer is ferromagnetic and has a free 
layer magnetiZation. In a preferred embodiment, the method 
and system also include providing a nonmagnetic spacer 
layer and another pinned layer. In the preferred embodiment, 
the magnetic element is con?gured to alloW the free layer 
magnetiZation to be sWitched using spin transfer. 

[0030] The present invention Will be described in terms of 
a particular magnetic memory and a particular magnetic 
element having certain components. HoWever, one of ordi 
nary skill in the art Will readily recogniZe that this method 
and system Will operate effectively for other magnetic 
memory elements having different and/or additional com 
ponents and other magnetic memories having different and/ 
or other features not inconsistent With the present invention. 
The present invention is also described in the context of 
current understanding of the spin transfer phenomenon. 
Consequently, one of ordinary skill in the art Will readily 
recogniZe that theoretical explanations of the behavior of the 
method and system are made based upon this current under 
standing of spin transfer. One of ordinary skill in the art Will 
also readily recogniZe that the method and system are 
described in the context of a structure having a particular 
relationship to the substrate. HoWever, one of ordinary skill 
in the art Will readily recogniZe that the method and system 
are consistent With other structures. In addition, the method 
and system are described in the context of certain layers 
being synthetic and/or simple. HoWever, one of ordinary 
skill in the art Will readily recogniZe that the layers could 
have another structure. Moreover, certain components are 
described as being ferromagnetic. HoWever, as used herein, 
the term ferromagnetic could include ferrimagnetic or like 
structures. Thus, as used herein, the term “ferromagnetic” 
includes, but is not limited to ferromagnets and ferrimag 
nets. The present invention is also described in the context 
of certain structures, such as spin valves. HoWever, one of 
ordinary skill in the art Will readily recogniZe that the present 
invention is not limited to such structures, but instead can be 
used in other structures not inconsistent With the present 
invention. Moreover, the present invention is described in 
the context of the magnetic element. HoWever, one of 
ordinary skill in the art Will readily recogniZe that When 
incorporated into memory cells of a magnetic memory, the 
magnetic element may be combined With another compo 
nent, such as a transistor. The method and system are also 
described in the context of the current knoWledge of ballistic 
MR. HoWever, this description is not intended to limit the 
scope of the present invention. 
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[0031] To more particularly illustrate the method and 
system in accordance With the present invention, refer noW 
to FIG. 3, depicting one embodiment of a magnetic element 
100 having a magnetic current con?ned layer in accordance 
With the present invention. Although depicted alone, the 
magnetic element 100 could include other layers, including 
other magnetic layers, other nonmagnetic layers, and/or 
other magnetic elements, such as a spin valve or spin 
tunneling junction. 

[0032] The magnetic element 100 is similar to a spin valve 
or spin tunneling junction. The magnetic element 100 thus 
includes a ferromagnetic pinned layer 110 and a ferromag 
netic free layer 130. Although depicted as simple layers, the 
pinned layer 110 and/or the free layer 130 may be synthetic. 
The pinned layer 110 is typically pinned using an AF M layer 
(not shoWn), but may be pinned in another manner. The free 
layer 130 is preferably XB, XPt, XPd, and/or XCu, Where X 
is Co or CoFe. HoWever, in an alternate embodiment other 
materials are possible for the free layer 130. 

[0033] The magnetic element 100 also includes a magnetic 
current con?ned layer 120 residing betWeen the pinned layer 
110 and free layer 130. The magnetic current con?ned layer 
120 includes nano-conductive channels 124 in an insulating 
matrix 122. The nano-conductive channels 124 are also 
ferromagnetic. The conductive channels 124 preferably 
include materials such as Ni, Co, Fe, and their alloys. Also 
in a preferred embodiment, the conductive channels 124 
have a diameter of approximately one to three nanometers. 
The conductive channels 124 extend entirely through the 
thickness of the insulating matrix 122. HoWever, the con 
ductive channels 124 also have a total lengths, l, and 
diameters, d, that are suf?ciently small that charge carriers 
(preferably electrons) passing through the magnetic element 
100 in a CPP con?guration can give rise to ballistic MR. 
Stated differently, the siZes of the conductive channels are 
such that charge carriers passing through the magnetic 
element 100 in a CPP con?guration can give rise to ballistic 
MR. Consequently, the length, l, of the conductive channels 
is preferably less than the mean free path of electrons in the 
conductive channels 124. The insulating matrix preferably 
includes insulating materials such as SiC and SiO, or other 
appropriate insulating materials. 

[0034] Because of the use of the magnetic current con?ned 
layer 120 and the resulting ballistic magnetoresistance, the 
magnetic element 100 may provide a larger signal during 
reading. The conductive channels 124 are ferromagnetic and 
thus act as very narroW, or atomic scale, nano-contacts. 
Consequently, When the magnetiZations of the pinned layer 
110 and the free layer 130 are not aligned (e.g. antiparallel) 
domain Walls may be con?ned in the conductive channels 
124. During reading there may be nonadiabatic spin scat 
tering due to the domain Walls as the electrons traverse the 
conductive channels 124. The magnetic element 100, there 
fore, exhibits ballistic magnetoresistance. Thus, the magne 
toresistance [(RmaX—Rmin)/Rmin] of the magnetic element 
may be on the order of several hundred percent. Again, the 
minimum resistance, Rmin, occurs When the magnetiZations 
of the free layer 130 and the pinned layer 130 are parallel, 
While the maximum resistance, RmaX, occurs When the 
magnetiZations of the free layer 130 and pinned layer 110 are 
antiparallel. Consequently, the signal from the magnetic 
element 100 may be improved. 
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[0035] Note that the magnetic element 100 is preferably 
not Written using spin transfer. When the magnetiZation of 
the free layer 130 is antiparallel to the magnetiZation of the 
pinned layer 110, it is believed that spin transfer from charge 
carriers traveling from the pinned layer 110 to the free layer 
130 could contribute to sWitching the direction of the 
magnetiZation of the free layer 130. HoWever, in the event 
that the magnetiZations of the free layer 130 and pinned 
layer 110 are parallel, it is believed charge carriers ?oWing 
from the free layer 130 to the pinned layer 110 or vice versa 
Would not contribute to sWitching the direction of the 
magnetiZation of the free layer 130. Thus, it is believed that 
spin transfer alone Would not be an effective mechanism for 
Writing to the magnetic element 100. Consequently, the 
magnetic element 100 is preferably Written using a mecha 
nism other than spin transfer. 

[0036] FIG. 4 is a diagram depicting a second embodi 
ment of a magnetic element 200 having a magnetic current 
con?ned layer in accordance With the present invention. The 
magnetic element 200 has components Which are analogous 
to those of the magnetic element 100 depicted in FIG. 3. 
Consequently, these elements are labeled similarly. The 
magnetic element 200 thus includes a ferromagnetic pinned 
layer 210, a ferromagnetic free layer 230, and a magnetic 
current con?ned layer 220 having ferromagnetic conductive 
channels 224 in an insulating matrix 222. In addition, the 
lengths and diameters of the ferromagnetic conductive chan 
nels 224 are such that ballistic MR can be exhibited by the 
magnetic element 200. Stated differently, the siZes of the 
conductive channels 224 are such that charge carriers pass 
ing through the magnetic element 200 in a CPP con?gura 
tion can give rise to ballistic MR. The ferromagnetic con 
ductive channels 224 preferably include Ni, Fe, Co or their 
alloys. The insulating matrix 222 preferably includes SiC or 
SIO. Although depicted as simple layers, the pinned layer 
210 and/or the free layer 230 may be synthetic. Also shoWn 
is an antiferromagnetic (AFM) layer 204 and a seed layer 
202. The AFM layer 204 is preferably includes PtMn. The 
seed layer 202 is preferably Ta/NifeCr or TaN/NiFeCr. The 
pinned layer 210 is preferably pinned using the AFM layer 
204. The pinned layer 210 and free layer 230 may be Co or 
CoFe. The free layer 230 is preferably XB, XPt, XPd, and/or 
XCu, Where X is Co or CoFe. HoWever, in an alternate 
embodiment other materials are possible for the free layer 
230. 

[0037] The magnetic element 200 also includes a nonmag 
netic spacer layer 230 and a pinned layer 250 that is 
preferably pinned using an AFM layer 260. Also shoWn is a 
capping layer 270. The pinned layer 250 preferably includes 
Co or CoFe. HoWever, the pinned layer 250 could also be 
synthetic. The nonmagnetic spacer layer 240 is preferably 
conductive and preferably includes Cu. HoWever, the non 
magnetic spacer layer 240 could be current con?ned layer 
including conductive channels (not explicitly shoWn) in an 
insulating matrix (not explicitly shoWn). HoWever, in such 
an embodiment, the conductive channels are preferably 
nonmagnetic, for example Cu. Thus, the magnetic element 
200 can be vieWed as including a ballistic MR portion 201 
and a spin valve portion 203. The ballistic MR portion 201 
includes the seed layer 202, the AFM layer 204, the pinned 
layer 210, the magnetic current con?ned layer 220, and the 
free layer 230. The spin valve portion 203 includes the free 
layer 230, the nonmagnetic spacer layer 240, the pinned 
layer 250, the AFM layer 260 and the capping layer 270. 
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[0038] The magnetic element 200 is also con?gured such 
that the free layer 230 can be Written using spin transfer. 
Consequently, the lateral dimensions of at least the free layer 
230 and preferably the magnetic element 200 are small, in 
the range of feW hundred nanometers. In a preferred embodi 
ment, the dimensions of the magnetic element 200 are less 
than tWo hundred nanometers and preferably approximately 
one hundred nanometers. The magnetic element 200 pref 
erably has a depth, perpendicular to the plane of the page in 
FIG. 3, of approximately ?fty nanometers. The depth is 
preferably smaller than the Width, W, of the magnetic ele 
ment 200 so that the magnetic element 200 has some shape 
anisotropy, ensuring that the free layer 230 has a preferred 
direction. In addition, the thickness of the free layer 230 is 
small enough that the spin transfer is strong enough to rotate 
the free layer magnetiZation into and out of alignment With 
the magnetiZation of the pinned layer 250. In a preferred 
embodiment, the free layer 230 has a thickness of less than 
?ve nm. 

[0039] In addition, it is believed that the spin transfer 
Which Writes to the free layer 230, or sWitches the direction 
of magnetiZation of the free layer 230, is generated by the 
spin valve portion 203. Thus, majority charge carriers trav 
eling from the pinned layer 260 to the free layer 230 can be 
used to sWitch the magnetiZation of the free layer 230 from 
antiparallel to parallel to the pinned layer 260. Similarly, 
minority carriers re?ected back from the pinned layer 260 
can be used to sWitch the magnetiZation of the free layer 230 
from parallel to antiparallel to the magnetiZation of the 
pinned layer 260. Consequently, the more localiZed phe 
nomenon of spin transfer can be used to Write to the 
magnetic element 200. Note that the magnetic element 200 
could also be con?gured to improve the ability of spin 
transfer to sWitch the magnetiZation of the free layer 230. 
For eXample, in an alternate embodiment, the magnetic 
element 200 may be shaped such that the spin valve portion 
203 has a smaller Width than the ballistic MR portion 201. 
As a result, a higher current density used in spin transfer can 
be achieved in the spin valve portion 203 Without adversely 
affecting the ballistic MR portion 201. In an alternate 
embodiment, a current con?ned layer could be used for the 
nonmagnetic spacer layer 240, alloWing a higher current 
density to be carried in conductive channels (not shoWn) of 
the nonmagnetic spacer layer 240, thereby facilitating spin 
transfer induced sWitching of the free layer 230. In such an 
embodiment, the conductive channels are preferably non 
magnetic. 

[0040] In a preferred embodiment, the ballistic MR por 
tion 201 of the magnetic element 200 contributes the major 
ity of the signal in reading data stored in the free layer 230. 
Thus, the magnetic element 200 may have a large signal due 
to ballistic MR occurring When the magnetiZation of the free 
layer 230 and the pinned layer 210 are antiparallel. In the 
embodiment shoWn in FIG. 4, the pinned layers 210 and 250 
have their magnetiZations pinned in the same direction. In 
such an embodiment, the AFM layers 204 and 260 could be 
aligned in a single step and/or could include the same AFM 
material. Thus, fabrication of the magnetic element 200 is 
simpli?ed. HoWever, nothing prevents the magnetiZations of 
the pinned layers 210 and 250 being in different direction, 
the use of different AFM materials for the AFM layers 204 
and 260, and/or aligning the AFM layers 204 and 260 in 
separate steps. 
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[0041] Thus, the magnetic element 200 shares the bene?ts 
of the magnetic element 100. Consequently, during reading 
the magnetic current con?ned layer 220 alloWs for a higher 
signal. Moreover, the magnetic element 200 can be Written 
using spin transfer, a more localiZed phenomenon. Conse 
quently, use of the magnetic element 200 may result in less 
inadvertent Writing to nearby magnetic elements. The mag 
netic element 200 may, therefore, be more suitable for 
high-density magnetic storage devices. In addition, the mag 
netic element also has improved Writeability due to the spin 
valve portion 203 of the magnetic element 200. 

[0042] FIG. 5 depicts a preferred version of the second 
embodiment of a magnetic element 200‘ having a magnetic 
current con?ned layer in accordance With the present inven 
tion. The magnetic element 200‘ has components Which are 
analogous to those of the magnetic element 200 depicted in 
FIG. 4. Consequently, these elements are labeled similarly. 
The magnetic element 200‘ thus includes a ferromagnetic 
pinned layer 210‘, a ferromagnetic free layer 230‘, a mag 
netic current con?ned layer 220‘ having ferromagnetic con 
ductive channels 224‘ in an insulating matriX 222‘, AFM 
layer 204‘, the seed layer 202‘, the nonmagnetic spacer layer 
230‘, a pinned layer 250‘ that is preferably pinned using an 
AFM layer 260‘, and the capping layer 270‘. Thus, the 
magnetic element 200‘ includes a ballistic MR portion 201‘ 
and a spin valve portion 203‘. 

[0043] As depicted in FIG. 5, the pinned layers 210‘ and 
250‘ as Well as the free layer 230‘ are synthetic. Thus, the 
pinned layer 210‘ includes ferromagnetic layers 212 and 216 
separated by spacer layer 214. Similarly, the pinned layer 
250‘ includes ferromagnetic layers 252 and 256 separated by 
spacer layer 254. The free layer 230‘ includes ferromagnetic 
layer 232 and 236 separated by spacer layer 234. The 
ferromagnetic layers 232 and 236 are depicted as having 
magnetiZation directions left and right, respectively. HoW 
ever, the magnetiZations of the layers 232 and 236 are also 
stable for the magnetiZation directions right and left, respec 
tively. The ferromagnetic layers 212, 216, 232, 236, 252, and 
256 are preferably Co or CoFe. The spacer layers 214, 234, 
and 254 are preferably Ru and are con?gured such that the 
ferromagnetic layers 212 and 216, 232 and 236, and 252 and 
256, respectively, are antiferromagnetically coupled. 

[0044] The synthetic pinned layer 210‘ and/or 250‘ are 
preferred to simplify the annealing process Which sets the 
pinning directions of the magnetiZations of the second 
pinned layer 250 and the ?rst pinned layer 210. In particular, 
use of at least one of the synthetic pinned layer 210‘ and/or 
250‘, preferably in conjunction With the synthetic free layer 
230‘, alloWs the antiferromagnetic layers 204‘ and 260‘ to be 
made from the same material, preferably PtMn, and/or 
aligned in the same step. The antiferromagnetic layers 204‘ 
and 260‘ may thus be aligned together in the same step. 
Consequently, the magnetiZations of the ferromagnetic layer 
212 of the ?rst pinned layer 210‘ and the magnetiZation of 
the ferromagnetic layer 256 of the pinned layer 250‘ are 
pinned in the same direction. As a result, the desired 
directions of the magnetiZations of the ferromagnetic layers 
216 and 252 adjacent to the ferromagnetic current con?ned 
layer 220‘ and the nonmagnetic spacer layer 240‘, respec 
tively, are more easily established. 

[0045] Thus, the magnetic element 200‘ shares the bene?ts 
of the magnetic element 200. Consequently, the magnetic 
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element 200‘ can be Written using spin transfer, a more 
localized phenomenon. Furthermore, during reading the 
magnetic current con?ned layer 220‘ allowed for a higher 
signal. In addition, the magnetic element also has improved 
Writeability due to the spin valve portion 203‘ of the mag 
netic element 200‘. Because of the use of at least one 
synthetic pinned layer 210‘ and/or 250‘ the AF M layers 204‘ 
and 260‘ can be aligned in a single step. 

[0046] FIG. 6 is a diagram depicting another embodiment 
of a magnetic element 300 having a magnetic current 
con?ned layer in accordance With the present invention. The 
magnetic element includes a spin valve 304 in conjunction 
With a ballistic MR element 302, Which is analogous to the 
magnetic element 100. The magnetic element 300 thus 
includes a seed layer 306, an AFM layer 308, a pinned layer 
310, a magnetic current con?ned layer 318, a free layer 320, 
a separation layer 322, a second free layer 324, a nonmag 
netic spacer layer 326, another pinned layer 328, an AFM 
layer 336 and a capping layer 338. The seed layer 306 
preferably includes materials such as Ta/NiFeCr or TaN/ 
NiFeCr. The AFM layers 308 and 336 are preferably PtMn. 
The pinned layers 310 and 328 are preferably synthetic. 
Thus, the pinned layer 310 preferably includes tWo ferro 
magnetic (preferably Co or CoFe) layers 312 and 316 
separated by a nonmagnetic (preferably Ru) layer 314. 
Similarly, the pinned layer 338 preferably includes tWo 
ferromagnetic (preferably Co or CoFe) layers 330 and 334 
separated by a nonmagnetic (preferably Ru) layer 332. Note, 
hoWever, that any of the ferromagnetic layers might be 
synthetic. The free layers 320 and 324 preferably include 
XB, XPt, XPd, and/or XCu, Where X is Co or CoFe. 
HoWever, in an alternate embodiment other materials are 
possible for the free layers 320 and 324, including synthetic 
layers. The magnetic current con?ned layer 318 includes 
ferromagnetic conductive channels 317 in an insulating 
matrix 319 extending entirely through the magnetic current 
con?ned layer 318. The magnetic current con?ned layer 318 
is con?gured such that charge carriers (e.g. electrons) trav 
eling in the CPP con?guration can give rise to ballistic 
magnetoresistance through the magnetic current con?ned 
layer 318. In particular, the siZe(s) of the ferromagnetic 
conductive channels 317 are such that the ballistic MR 
element 302 can experience ballistic MR. Thus, the mag 
netic current con?ned layer 318 is analogous to the magnetic 
current con?ned layer 120, 220, and 220‘. 

[0047] Thus, the ballistic MR element 302 includes AFM 
layer 308, pinned layer 310, magnetic current con?ned layer 
318, and free layer 320. The spin valve 304 includes the free 
layer 324, the nonmagnetic spacer layer 326 that could also 
be a current con?ned layer, the pinned layer 328, and the 
AF M layer 336. In addition, the free layer 320 of the ballistic 
MR element 302 is magnetostatically coupled With the free 
layer 324 of the spin valve 304. If the nonmagnetic spacer 
layer 326 is a current con?ned layer, then the nonmagnetic 
spacer layer 326 includes at least conductive channels (not 
explicitly shoWn) in an insulating matrix (not explicitly 
shoWn). The spin valve 304 of the magnetic element 300 is 
also con?gured to be Written using spin transfer. Thus, the 
dimensions of at least the spin valve 304 and the magnetic 
element 300 are similar to the magnetic elements 100, 200, 
and 200‘ described above in FIGS. 3, 4, and 5. 

[0048] Referring back to FIG. 6, the separation layer 322 
is a conductive, nonmagnetic layer that preferably includes 
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Cu, CuPt, CuPtMn or Cu/Pt/Cu (or Cu/PtMn/Cu) sand 
Wiches. The inserted Pt or PtMn thickness in the sandWich 
is approximately the electron spin diffusion length. The 
separation layer 322 has a thickness that is sufficiently short 
to ensure that the free layer 320 and the free layer 324 are 
magnetostatically coupled. The separation layer 322 also has 
a thickness that is suf?cient to ensure that the free layers 320 
and 324 are not coupled by other magnetic phenomenon. 
Furthermore, the separation layer 322 is preferably con?g 
ured such that the magnetiZations of the free layer 320 and 
324 are antiferromagnetically aligned as Well as being 
magnetostatically coupled. In addition, the separation layer 
322 is also preferably thick enough to ensure that electrons 
lose their spin information upon traversing the separation 
layer. Although the separation layer 322 is used to ensure 
that the free layers 320 and 324 are magnetostatically 
coupled, nothing prevents the use of another mechanism to 
ensure that the free layers are magnetostatically coupled. 

[0049] The free layer 324 of the spin valve 304 can be 
Written using spin transfer. In addition, if the spin valve 304 
utiliZes a current con?ned layer for the nonmagnetic spacer 
layer 326, Writing is further facilitated. Because the mag 
netic element 300 uses the spin valve 304, the magnetic 
element 300 can be Written using spin transfer. Because the 
free layer 320 is magnetostatically coupled to the free layer 
324, a change in magnetiZation direction for the free layer 
324 is re?ected in the free layer 320. Therefore, Writing of 
the spin valve 304 using spin transfer causes the magneti 
Zation of the free layer 320 of the ballistic MR element 302 
to have a speci?c orientation. Thus, any change in magne 
tiZation of the free layer 324 is re?ected in the magnetiZation 
of the free layer 320. Thus, the magnetic element 300 can be 
Written using spin transfer and the state of the magnetic 
element 300 Written using spin transfer is re?ected in the 
state of the free layer 320. Furthermore, the ballistic MR 
element 302 has an extremely large magnetoresistance and, 
therefore, dominates the read signal. Thus, a large signal can 
be obtained using the ballistic MR element 302 of the 
magnetic element 300. The magnetic element 300, therefore, 
has a large signal obtained using ballistic MR While being 
Written using spin transfer. 

[0050] FIG. 7 is a high-level ?oW chart depicting one 
embodiment of a method 400 in accordance With the present 
invention for providing a magnetic element having a mag 
netic current con?ned layer. For clarity, the method 400 is 
described in the context of the magnetic element 200. 
HoWever, the method 400 could be used in fabricating other 
magnetic elements in accordance With the present invention, 
such as the magnetic element 100, 200‘, or 300. The method 
400 preferably commences after any layers under the pinned 
layer 210 have been fabricated. Thus, the method 400 
commences after the seed layer 202 and AF M layer 204 have 
been provided. 

[0051] The pinned layer 210 is provided, via step 402. In 
one embodiment, step 402 includes forming a synthetic 
pinned layer. The magnetic current con?ned layer 220 is 
provided, via step 404. In one embodiment, a dry self 
assembly approach using techniques such as ion beam 
bombardment, cluster deposition or thermal deposition may 
be used to provide the conductive channels 224 in the 
insulating matrix 222 in step 404. In an alternate embodi 
ment, step 404 includes providing an insulating layer having 
pinholes therein. The siZe and density of the pinholes may be 
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controlled by controlling the deposition conditions used as 
Well as the thickness of the insulating layer provided. The 
pin holes, and thus the conductive channels, are stabilized 
through a post deposition anneal. A conducting layer is 
provided above and beloW the insulating layer. Optionally, 
the conductive and insulating layers can be repeated the 
desired number of times. Each time a conductive layer is 
added, the pinholes in the underlying insulating layer are at 
least partially ?lled. By repeating the insulator layer and 
conductive layer providing steps, the conductive channels 
(conductor in the pin holes) and insulating matrix are built. 
In an alternate embodiment, step 404 includes co-depositing 
(e. g., co-sputtering) conductive materials With the insulating 
materials used in forming the insulating matrix 222. In such 
an embodiment, the channel materials such as Ni, Co, Fe or 
their alloys and the insulating matrix materials such as SiC 
or SiO are provided together. In such an embodiment, the 
channel materials and matrix materials are immiscible at 
equilibrium. The dimensions and density of the conductive 
channels are controlled by adjusting the conductive and 
insulating matrix material deposition rate ratio. The conduc 
tive channels may also be stabiliZed through a post-deposi 
tion anneal. 

[0052] The free layer 230 is provided, via step 406. In one 
embodiment, step 406 includes forming a synthetic free 
layer. The remainder of the magnetic element is then pro 
vided, via step 408. For example, for the magnetic element 
200, step 406 includes providing the free layer 230, the 
nonmagnetic spacer layer 240, pinned layer 250, AF M layer 
260, and capping layer 270. HoWever, in another embodi 
ment, other and/or additional may be provided. Thus, the 
desired magnetic element can be fabricated. 

[0053] A method and system has been disclosed for pro 
viding a magnetic element utiliZing a magnetic current 
con?ned layer and employing ballistic MR. Although the 
present invention has been described in accordance With the 
embodiments shoWn, one of ordinary skill in the art Will 
readily recogniZe that there could be variations to the 
embodiments and those variations Would be Within the spirit 
and scope of the present invention. Accordingly, many 
modi?cations may be made by one of ordinary skill in the art 
Without departing from the spirit and scope of the appended 
claims. 

What is claimed is: 
1. A magnetic element comprising: 

a pinned layer having a pinned layer magnetiZation; 

a free layer having a free layer magnetiZation; 

a magnetic current con?ned layer residing betWeen the 
pinned layer and the free layer, the magnetic current 
con?ned layer having at least one channel in an insu 
lating matrix, the at least one channel being ferromag 
netic, conductive, and extending through the insulating 
matrix betWeen the free layer and the pinned layer, the 
at least one channel having at least one siZe that is 
suf?ciently small that charge carriers can give rise to 
ballistic magnetoresistance in the magnetic current 
con?ned layer. 

2. The magnetic element of claim 1 Wherein the at least 
one channel has a diameter of betWeen one and three 
nanometers. 
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3. The magnetic element of claim 1 Wherein the length is 
less than the mean free path of electrons in the at least one 
channel. 

4. The magnetic element of claim 1 Wherein the at least 
one channel further includes Ni, Co, Fe, and/or their alloys. 

5. The magnetic element of claim 1 Wherein the insulating 
matrix includes SiC and/or SiO. 

6. The magnetic element of claim 1 Wherein the free layer 
includes XB, XPt, XPd, and/or XCu, Where X is Co or CoFe. 

7. A magnetic element comprising: 

a pinned layer having a pinned layer magnetiZation; 

a free layer having a free layer magnetiZation; 

a magnetic current con?ned layer residing betWeen the 
pinned layer and the free layer, the magnetic current 
con?ned layer having at least one channel in an insu 
lating matrix, the at least one channel being ferromag 
netic, conductive, and extending through the insulating 
matrix betWeen the free layer and the pinned layer, the 
at least one channel having at least one siZe that is 
suf?ciently small that charge carriers can give rise to 
ballistic magnetoresistance in the magnetic current 
con?ned layer; 

a second pinned layer having a second pinned layer 
magnetiZation; and 

a nonmagnetic spacer layer residing betWeen the free 
layer and the second pinned layer; and 

Wherein the magnetic element is con?gured to alloW the 
free layer magnetiZation to be sWitched using spin 
transfer. 

8. The magnetic element of claim 7 Wherein the free layer, 
the second pinned layer, and the nonmagnetic spacer layer 
are con?gured to alloW the free layer magnetiZation of the 
free layer to be sWitched using spin transfer. 

9. The magnetic element of claim 7 Wherein the free layer 
is a synthetic free layer. 

10. The magnetic element of claim 9 Wherein a portion of 
the ?rst pinned layer adjacent to the magnetic current 
con?ned layer has a ?rst magnetiZation, Wherein a portion of 
the second pinned layer adjacent to the nonmagnetic spacer 
layer has a second magnetiZation substantially parallel to the 
?rst magnetiZation. 

11. The magnetic element of claim 7 Wherein the at least 
one channel further includes Ni, Co, Fe, and/or their alloys. 

12. The magnetic element of claim 7 Wherein the insu 
lating matrix includes SiC and/or SiO. 

13. The magnetic element of claim 7 Wherein the free 
layer includes XB, XPt, XPd, and/or XCu, Where X is Co or 
CoFe. 

14. A magnetic element comprising: 

a pinned layer having a ?rst pinned layer magnetiZation; 

a ?rst free layer having a ?rst free layer magnetiZation; 

a magnetic current con?ned layer residing betWeen the 
pinned layer and the ?rst free layer, the magnetic 
current con?ned layer having at least one channel in an 
insulating matrix, the at least one channel being ferro 
magnetic, conductive, and extending through the insu 
lating matrix betWeen the ?rst free layer and the pinned 
layer, the at least one channel having at least one siZe 
that is suf?ciently small that charge carriers can give 



US 2005/0136600 A1 

rise to ballistic magnetoresistance in the magnetic 
current con?ned layer; and 

a second free layer having a second free layer magneti 
Zation, the second free layer being magnetostatically 
coupled to the ?rst free layer; 

a second pinned layer having a second pinned layer 
magnetiZation; 

a nonmagnetic spacer layer residing betWeen the second 
free layer and the second pinned layer; 

Wherein the second free layer is con?gured to alloW the 
second free layer magnetiZation to be sWitched using 
spin transfer. 

15. The magnetic element of claim 14 further comprising: 

a conductive separation layer residing betWeen the ?rst 
free layer and the second free layer, the conductive 
spacer layer for ensuring that the ?rst free layer and the 
second free layer are magnetostatically coupled. 

16. The magnetic element of claim 14 Wherein the at least 
one channel further includes Ni, Co, Fe, and/or their alloys. 

17. The magnetic element of claim 14 Wherein the insu 
lating matrix includes SiC and/or SiO. 

18. The magnetic element of claim 14 Wherein the free 
layer includes XB, XPt, XPd, and/or XCu, Where X is Co or 
CoFe. 

19. A method for providing a magnetic element compris 
mg: 

(a) providing a pinned layer having a ?rst pinned layer 
magnetiZation; 

(b) providing a magnetic current con?ned layer having at 
least one channel in an insulating matrix, the at least 
one channel being ferromagnetic and conductive, the at 
least one channel having at least one siZe that is 
suf?ciently small that charge carriers can give rise to 
ballistic magnetoresistance in the magnetic current 
con?ned layer; and 

(c) providing a free layer having a free layer magnetiZa 
tion, the magnetic current con?ned layer residing 
betWeen the pinned layer and the free layer, the at least 
one channel extending through the insulating matrix 
betWeen the pinned layer and the free layer; 

Wherein the free layer is con?gured to alloW the free layer 
magnetiZation to be sWitched using spin transfer. 

20. The method of claim 19 Wherein the at least one 
channel has a diameter of betWeen one and three nanom 
eters. 

21. The method of claim 19 Wherein the length is less than 
the mean free path of electrons in the at least one channel. 

22. The method of claim 19 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) co-sputtering at least one ferromagnetic conductive 
material With at least one insulating matrix material, the 
at least one conducting channel being formed from the 
at least one ferromagnetic conductive material and the 
insulating matrix being formed from the at least one 
insulating matrix material. 

23. The method of claim 19 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 
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(b1) forming the magnetic current con?ned layer using 
dry self-assembly. 

24. The method of claim 19 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) providing at least one ferromagnetic conducting 
layer; 

(b2) providing at least one insulating layer, the at least one 
insulating layer alternating With the at least one ferro 
magnetic conducting layer; and 

(b3) providing a second ferromagnetic conducting layer 
such that each of the at least one insulating layer is 
sandWiched betWeen a ferromagnetic conducting layer 
of the at least one ferromagnetic conducting layer 
and/or the second ferromagnetic conducting layer; 

the at least one conducting channel being formed from the 
at least one ferromagnetic conducting layer and the 
second ferromagnetic conducting layer and the insu 
lating matrix being formed from the at least one insu 
lating layer. 

25. The method of claim 24 Wherein the current con?ned 
layer providing step (b) further includes the steps of: 

(b4) annealing the magnetic element. 
26. A method for providing a magnetic element compris 

ing: 

(a) providing a pinned layer having a ?rst pinned layer 
magnetiZation; 

(b) providing a magnetic current con?ned layer having at 
least one channel in an insulating matrix, the at least 
one channel being ferromagnetic and conductive, the at 
least one channel having at least one siZe that is 
suf?ciently small that charge carriers can give rise to 
ballistic magnetoresistance in the magnetic current 
con?ned layer; and 

(c) providing a free layer having a free layer magnetiZa 
tion, the magnetic current con?ned layer residing 
betWeen the pinned layer and the free layer, the at least 
one channel extending through the insulating matrix 
betWeen the pinned layer and the free layer; 

(d) providing a second pinned layer having a second 
pinned layer magnetiZation; and 

(e) providing a nonmagnetic spacer layer residing 
betWeen the free layer and the second pinned layer; 

Wherein the free layer is con?gured to alloW the free layer 
magnetiZation to be sWitched using spin transfer. 

27. The method of claim 26 Wherein the free layer, the 
second pinned layer, and the nonmagnetic spacer layer are 
con?gured to alloW the free layer magnetiZation of the free 
layer to be sWitched using spin transfer. 

28. The method of claim 26 Wherein the free layer 
providing step (a) further includes the step of: 

(a1) providing a synthetic free layer. 
29. The method of claim 28 Wherein a portion of the 

pinned layer adjacent to the magnetic current con?ned layer 
has a ?rst magnetiZation, Wherein a portion of the second 
pinned layer adjacent to the nonmagnetic spacer layer has a 
second magnetiZation substantially parallel to the ?rst mag 
netiZation. 
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30. The method of claim 26 wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b 1) co-sputtering at least one conductive material With at 
least one insulating matrix material, the at least one 
conducting channel being formed from the at least one 
conductive material and the insulating matrix being 
formed from the at least one insulating matrix material. 

31. The method of claim 26 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) forming the magnetic current con?ned layer using 
dry self-assembly. 

32. The method of claim 26 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) providing at least one ferromagnetic conducting 
layer; 

(b2) providing at least one insulating layer, the at least one 
insulating layer alternating With the at least one ferro 
magnetic conducting layer; and 

(b3) providing a second magnetic conducting layer such 
that each of the at least one insulating layer is sand 
Wiched betWeen a ferromagnetic conducting layer of 
the at least one magnetic conducting layer and/or the 
second ferromagnetic conducting layer; 

the at least one conducting channel being formed from the 
at least one ferromagnetic conducting layer and the 
second ferromagnetic conducting layer and the insu 
lating matrix being formed from the at least one insu 
lating layer. 

33. The method of claim 32 Wherein the current con?ned 
layer providing step further includes the steps of: 

annealing the ferromagnetic element. 
34. A method for providing a magnetic element compris 

ing: 
(a) providing a ?rst pinned layer having a ?rst pinned 

layer magnetiZation; 
(b) providing a magnetic current con?ned layer having at 

least one channel in an insulating matrix, the at least 
one channel being ferromagnetic, and conductive, the 
at least one channel having at least one siZe that is 
suf?ciently small that charge carriers can give rise to 
ballistic magnetoresistance in the at least one current 
con?ned layer; and 

(c) providing a ?rst free layer having a free layer mag 
netiZation, the magnetic current con?ned layer residing 
betWeen the pinned layer and the free layer, the at least 
one channel extending through the insulating matrix 
betWeen the pinned layer and the ?rst free layer; 
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(d) providing a second free layer, the second free layer 
having a second free layer magnetiZation, the second 
free layer being magnetostatically coupled to the free 
layer; 

(e) providing a second pinned layer being ferromagnetic 
and having a second pinned layer magnetiZation; 

(f) providing a nonmagnetic spacer layer residing betWeen 
the second free layer and the second pinned layer; 

Wherein the second free layer is con?gured to be Written 
using spin transfer. 

35. The method of claim 34 further comprising: 

(g) providing a conductive separation layer residing 
betWeen the ?rst free layer and the second free layer, 
the conductive spacer layer for ensuring that the ?rst 
free layer and the second free layer are magnetostati 
cally coupled. 

36. The method of claim 34 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) co-sputtering at least one ferromagnetic conductive 
material With at least one insulating matrix material, the 
at least one conducting channel being formed from the 
at least one ferromagnetic conductive material and the 
insulating matrix being formed from the at least one 
insulating matrix material. 

37. The method of claim 34 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) forming the magnetic current con?ned layer using 
dry self-assembly. 

38. The method of claim 34 Wherein the magnetic current 
con?ned layer providing step (b) further includes the steps 
of: 

(b1) providing at least one ferromagnetic conducting 
layer; 

(b2) providing at least one insulating layer, the at least one 
insulating layer alternating With the at least one ferro 
magnetic conducting layer; and 

(b3) providing a second magnetic conducting layer such 
that each of the at least one insulating layer is sand 
Wiched betWeen a magnetic conducting layer of the at 
least one magnetic conducting layer and/or the second 
magnetic conducting layer; 

the at least one conducting channel being formed from the 
at least one magnetic conducting layer and the second 
magnetic conducting layer and the insulating matrix 
being formed from the at least one insulating layer. 

39. The method of claim 34 Wherein the current con?ned 
layer providing step further includes the steps of: 

(b4) annealing the magnetic element. 

* * * * * 


