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(57) ABSTRACT 
A conductive line for programming a magnetoresistive 
memory device Which includes a metal interconnect region 
positioned proximate to a magnetoresistive random access 
memory device, Wherein the metal interconnect region sup 
plies a current Which produces a magnetic ?eld and Wherein 
the metal interconnect region includes a metal layer With a 
length and a Width and has a ?rst side, a second side, a third 
side, and a fourth side Wherein a ferromagnetic cladding 
region With a thickness is positioned on the ?rst side, the 
second side, the third side, and the fourth side of the metal 

(22) Filed; Nov_ 13, 2001 layer, and Wherein the ferromagnetic cladding region posi 
tioned on the ?rst side has a trench having a length less than 

Publication Classi?cation the length of the metal layer and a Width approximately 
equal to the thickness of the ferromagnetic of the magnetic 

(51) Int. Cl.7 ........................ .. H01L 21/00; G11C 11/00; cladding region. The length of the trench can be changed to 
H01L 29/94 adjust the magnitude of the magnetic ?eld. 
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NARROW GAP CLADDING FIELD 
ENHANCEMENT FOR LOW POWER 
PROGRAMMING OF A MRAM DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates to semiconductor memory 
devices. 

[0002] More particularly, the present invention relates to 
enhancing the magnetic ?eld for programming semiconduc 
tor random access memory devices that utiliZe a magnetic 
?eld. 

BACKGROUND OF THE INVENTION 

[0003] A magnetoresistive random access memory (here 
inafter referred to as “MRAM”) device has a structure Which 
includes ferromagnetic layers separated by non-ferromag 
netic layers. The ferromagnetic layers each have a free 
magnetic moment vector that can be oriented in one of 
several preferred directions relative to a pinned magnetic 
moment vector that is ?xed in direction. 

[0004] Unique resistance values are created by the orien 
tation of the free magnetic moment vector relative to the 
pinned magnetic moment vector. These unique resistance 
values are used to represent stored information. Accordingly, 
stored information is read by detecting resistance changes of 
the magnetic memory device. In typical magnetic memory 
devices, tWo resistance states are available. The stored states 
can be read by passing a sense current through the cell in a 
sense line to detect the difference betWeen the magnetic 
resistances of the states. 

[0005] In MRAM devices, the memory cells are pro 
grammed by magnetic ?elds produced by a current carrying 
conductor such as a copper interconnect. Typically, tWo 
orthogonal interconnects are employed, With one positioned 
above (hereinafter referred to as the bit line) the MRAM 
device and the second positioned beloW (hereinafter referred 
to as the digit line) the MRAM device. The purpose of the 
bit and digit lines is to provide magnetic ?elds for program 
ming the MRAM device. 

[0006] A problem With programming a MRAM device is 
the large current required to produce a magnetic ?eld of 
sufficient magnitude. This is especially a problem for loW 
poWer applications, such as laptop computers, cell phones, 
pagers, and other portable electronic devices. In addition, as 
the magnetic memory cell is reduced in siZe to increase the 
areal density of the memory, the magnetic ?eld required for 
programming of the ferromagnetic free layer must be 
increased to maintain the stability of the memory state 
against thermal ?uctuations. Further, a MRAM device inte 
grates magnetic memory elements and other circuits, for 
example, a control circuit for magnetic memory elements, 
comparators for detecting states in a magnetic memory 
element, input/output circuits, etc. These circuits are usually 
fabricated in the process of CMOS technology, Which oper 
ates at loW current and high ef?ciency, in order to loWer the 
poWer consumption of the system. 

[0007] In the prior art, the bit lines and digit lines are 
typically surrounded by a ferromagnetic cladding region to 
focus the magnetic ?eld toWards the MRAM device. For an 
uncladded conductive line, the magnetic ?eld is given by the 
equation HzI/Z'W, Where I is the current ?oWing through the 
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conductive line and W is the Width of the conductive line. For 
simplicity of discussion, We are ignoring the magnetic ?eld 
loss caused by the ?nite distance betWeen the bit and the 
conductive line, as Well as the ?eld loss caused by the ?nite 
thickness of the conductive line. HoWever, for a conductive 
line cladded on three sides, the magnetic ?eld is given by the 
equation HzI/W, Which is a factor of tWo larger than the 
uncladded bit line. Hence, the magnetic ?eld of a conductive 
line can be increased for a given current by adding a 
ferromagnetic cladding region. Thus, by adding the ferro 
magnetic cladding region, it is possible to program MRAM 
devices With less current. HoWever, further reductions in 
current are desired so that MRAM devices are more com 

patible With CMOS technology. 

[0008] It Would be highly advantageous, therefore, to 
remedy the foregoing and other de?ciencies inherent in the 
prior art. 

[0009] Accordingly, it is an object of the present invention 
to provide a neW and improved magnetoresistive random 
access memory device. 

[0010] It is an object of the present invention to provide a 
neW and improved magnetoresistive random access memory 
device Which reduces poWer consumption of the device. 

[0011] It is a further object of the present invention to 
provide a neW and improved magnetoresistive random 
access memory device Which is more compatible With 
CMOS technology. 

[0012] It is another object of the present invention to 
provide a neW and improved magnetoresistive random 
access memory device Which operates at currents typically 
produced by CMOS technology. 

SUMMARY OF THE INVENTION 

[0013] To achieve the objects and advantages speci?ed 
above and others, a conductive line for programming a 
MRAM device is disclosed Which includes a metal inter 
connect region, Wherein the metal interconnect region is 
capable of supplying a current Which produces a magnetic 
?eld. The metal interconnect region includes a metal layer 
With a thickness and a Width and has a ?rst side, a second 
side, a third side, and a fourth side Wherein a ferromagnetic 
cladding region With a thickness is positioned on the ?rst 
side, the second side, the third side, and the fourth side of the 
metal layer. Further, the ferromagnetic cladding region posi 
tioned on the ?rst side has a trench having a Width, g, Which 
is less than the Width, W, of the metal layer and a depth 
approximately equal to the thickness of the ferromagnetic 
cladding region. The trench Within the ferromagnetic clad 
ding region is positioned adjacent to a magnetoresistive 
random access memory device. The purpose of the trench is 
to concentrate the magnetic ?eld proximate to the magne 
toresistive random access memory device, Wherein the mag 
netic ?eld is increased by a factor approximately equal to 
W/g, the Width of the metal layer divided by the Width of the 
trench. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and further and more speci?c 
objects and advantages of the instant invention Will become 
readily apparent to those skilled in the art from the folloWing 
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detailed description of a preferred embodiment thereof taken 
in conjunction With the following drawings: 

[0015] FIG. 1 is a simpli?ed sectional vieW illustrating a 
conductive line in accordance With the present invention; 

[0016] FIG. 2 is a plot illustrating the magnitude of the 
magnetic ?eld verses the Width of the trench Within the 
ferromagnetic cladding region at a distance from the con 
ductive line; and 

[0017] FIGS. 3, 4, 5, and 6 are simpli?ed sectional vieWs 
illustrating sequential steps in a process of fabricating a 
metal interconnect region positioned above a memory bit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] Turn noW to FIG. 1, Which illustrates a simpli?ed 
sectional vieW of a conductive line 5 for programming a 
MRAM device 10 in accordance With the present invention. 
Conductive line 5 includes a metal interconnect region 9 
positioned proximate to MRAM device 10 and formed 
Within a substrate 7, Wherein the metal interconnect region 
9 is capable of supplying a current Which produces a 
magnetic ?eld for sWitching MRAM device 10. An x-y 
coordinate system 26 is used as a reference for the present 
discussion. In this embodiment, MRAM device 10 is sup 
ported on a dielectric interlayer 14 and a metal contact layer 
12, Which connects MRAM device 10 to a transistor (not 
shoWn). It Will be understood that metal interconnect region 
9 can be positioned in other con?gurations relative to 
MRAM device 10 such that the magnetic ?eld produced by 
the current in metal interconnect region 9 is suf?cient to 
program MRAM device 10. 

[0019] Metal interconnect region 9 includes a metal layer 
17 Which has a Width 16 and a thickness 21 and also has a 
?rst side 11, a second side 13, a third side 15, and a fourth 
side 18. In the preferred embodiment, metal layer 17 
includes copper, but it Will be understood that metal layer 17 
can include other metals, such as aluminum, silver, gold, 
platinum, or another suitable conductive material. Typically, 
metal layer 17 is deposited by physical vapor deposition 
(hereinafter referred to as PVD) and plating or another 
suitable deposition technique. 

[0020] A ferromagnetic cladding region 24 With a thick 
ness 23 is positioned on ?rst side 11, second side 13, third 
side 15, and fourth side 18 of metal layer 17. Ferromagnetic 
cladding region 24 positioned on ?rst side 11 has a trench 22 
having a Width 19 Which is less than Width 16 of metal layer 
17. Further, trench 22 has a depth 25 approximately equal to 
thickness 23 of ferromagnetic cladding region 24. Ion mill 
ing can be used to create trench 22 and a spacer layer may 
also be needed. 

[0021] In the preferred embodiment, ferromagnetic clad 
ding region 24 includes ferromagnetic materials that have 
high magnetic permeability, such as NiFeCo alloys. With a 
high permeability, the cladding magnetiZation rotates in 
response to an applied magnetic ?eld Which enables the 
magnetic ?ux focusing and magnetic ?eld enhancement of 
the ferromagnetic cladding region. While a rectangular 
metal layer is illustrated and described it Will be understood 
that other forms or shapes could be used and all such forms 
or shapes Will incorporate the described sides, and Will 
include a Width and a depth. Further, the forming of the 
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various layers included in metal interconnect region 9 can be 
formed using other semiconductor patterning and etching 
techniques Well knoWn to those skilled in the art. 

[0022] In this speci?c embodiment, MRAM device 10 is 
a standard MRAM bit formed according to Well-knoWn 
practices in the art. While a standard MRAM bit is illustrated 
herein for convenience, it Will be understood by those skilled 
in the art that many other types of devices could be provided. 
Also, While a single MRAM bit is illustrated for conve 
nience it should be understood that, for example, a complete 
array of devices or control/driver circuits around the periph 
ery of an array of magnetic memory bits may be formed. 

[0023] For ease of discussion, a digit line not in physical 
contact With the magnetic memory bit is discussed in 
reference to FIG. 1. HoWever, it should be understood that 
While the draWings illustrate a digit line not in physical 
contact With the magnetic memory bit, that it is also antici 
pated by this disclosure to form a digit line that is in physical 
contact With the magnetic memory bit. Thus, it Will be 
understood that in an alternative embodiment, physical 
contact is made betWeen MRAM device 10 and a magneti 
cally coupled digit line. 

[0024] Ferromagnetic cladding region 24 can be formed 
by etching a trench in substrate 7 using standard semicon 
ductor patterning and etching techniques. Also, ferromag 
netic cladding region 24 is illustrated as a single layer, but 
it Will be understood that ferromagnetic cladding region 24 
can include a plurality of layers. For example, it is Well 
knoWn to those skilled in the art that a metal layer/ferro 
magnetic layer/metal layer can be used as an effective 
cladding layer, Wherein the metal layers can include tanta 
lum and the ferromagnetic layer can include nickel iron 
(NiFe). HoWever, ferromagnetic cladding region 24 is illus 
trated as including one layer of a ferromagnetic material, 
such as NiFe, in this embodiment for simplicity. 

[0025] Conductive line 5 in FIG. 1 illustrates a metal 
interconnect region 9 positioned beloW MRAM device 10. 
Metal interconnect region positioned thus is often referred to 
as a digit line. HoWever, it Will be understood that another 
metal interconnect region could be formed using standard 
semiconductor processes Well knoW to those skilled in the 
art positioned above MRAM device 10 in a similar manner 
and be referred to as a bit line. Further, a bit line can be 
formed using a self-aligned process as Will be discussed 
presently. Also, it Will be understood that this is a simpli?ed 
vieW that only shoWs the areas of interest, and in particular 
metal interconnect region 9. Further, in this embodiment, the 
metal layers are illustrated as being stacked on MRAM 
device 10, but it Will be understood that the metal layers can 
be positioned in other con?gurations relative to MRAM 
device 10 Wherein the metal layers supply a large enough 
magnetic ?eld to program MRAM device 10. 

[0026] Turn noW to FIG. 2 Which illustrates a plot 27 of 
the magnitude of the magnetic ?eld in the x-direction, as 
referenced to x-y coordinate system 26 (See FIG. 1) verses 
Width 19. The data in Plot 27 Was generated using a 
numerical magnetostatic solver assuming that Width 16 is 
equal to 0.9 pm and thickness 21 is equal to 0.4 pm. In 
addition, the ferromagnetic cladding region 24 includes 
NigoFe2O and thickness 23 is assumed to be equal to 25 nm. 
Further, plot 27 illustrates the magnitude of the magnetic 
?eld at a point 0.15 pm above metal layer 17 and over the 
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center of metal layer 17 With a current of 4 mA. Also, plot 
27 is normalized to Width 16 such that the magnitude of the 
magnetic ?eld is assumed to be one When Width 16 is equal 
to Width 19. Hence, Width 19 is adjusted to choose the 
magnitude of the magnetic ?eld. The magnetic ?eld is 
increased by a factor approximately equal to Width 16 
divided by Width 19. Thus, Plot 27 illustrates that the 
magnitude of the magnetic ?eld can be increased by decreas 
ing Width 19. 

[0027] Thus, conductive line 5 reduces the current and 
poWer needed to program MRAM device 10 since the 
magnitude of the magnetic ?eld is increased by decreasing 
Width 19. Trench 22 in ferromagnetic cladding region 24 
tends to concentrate the magnetic ?ux in a smaller area so 
that the magnetic ?eld magnitude increases. Hence, MRAM 
device 10 is more compatible With the loW currents typically 
produced by CMOS technology. 

[0028] One embodiment of fabricating the conductive line 
for programming a magnetoresistive memory device is 
discussed hereinafter and illustrated in FIGS. 3, 4, 5, and 6. 
Turning noW to FIG. 3, the method of fabrication includes 
the steps of providing an interconnect forming layer 30, 
patterning and etching a trench 34 Within interconnect 
forming layer 30 Wherein trench 34 has a bottom 39, a ?rst 
side 36, and a second side 38. Trench 34 can be formed using 
dry etching, Wet etching, or other suitable etching processes 
Well knoWn to those skilled in the art. Also, it Will be 
understood that the conductive line could be formed in other 
embodiments by standard photolithography and etching. 

[0029] A ferromagnetic cladding region 33 is deposited 
Within trench 34 and positioned on bottom 39, ?rst side 36, 
and second side 38 of trench 34. Further, a spacer layer 35 
is positioned on ferromagnetic cladding region 33 Within 
trench 34. Spacer layer 35 can include silicon oxide, silicon 
nitride, or another suitable material. Spacer layer 35 is then 
ion milled (See FIG. 4) Within trench 34 and through spacer 
layer 35 and ferromagnetic cladding region 33 positioned on 
bottom 39 to interconnect forming layer 30 to create a trench 
or gap 31 Within ferromagnetic cladding region 33 (See 
FIG. 5). It Will be understood that ion milling is an example 
of an anisotropic etch technique and that other anisotropic 
etching techniques that have chemical or reactive compo 
nents may also be used. 

[0030] Spacer material 35 from Within trench 34 is 
removed and a conductive material 37 is deposited Within 
trench 34 and adjacent to ferromagnetic cladding layer 33 
Within trench 34 (See FIG. 6). Conductive material 37 can 
be formed using electrochemical deposition or another suit 
able deposition technique. Ferromagnetic cladding region 33 
is then formed on conductive material 37. In this embodi 
ment, MRAM device 10 Would be positioned beloW con 
ductive material 37 and adjacent to gap 31, hoWever, gap 31 
can be positioned otherWise depending on the relative place 
ment of MRAM device 10. This embodiment has the par 
ticular advantage that the gap in the ferromagnetic cladding 
region is self-aligned to the etched trench. 

[0031] In a variation of the self-aligned embodiment dis 
cussed With reference to FIGS. 3, 4, 5, and 6, the ferromag 
netic cladding region is deposited only on bottom 39 of 
trench 34 using an anisotropic ?lm deposition. Gap 31 in 
ferromagnetic cladding region 33 is then patterned as before 
using a spacer layer and an anisotropic etch. Further, the 
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spacer is removed after the anisotropic etch and conductive 
material 37 Which has four sides is formed using electro 
chemical deposition or another suitable deposition tech 
nique. Interconnect forming layer 30 surrounding conduc 
tive material 37 is then removed to expose conductive 
material 37 and ferromagnetic cladding region 33 is then 
positioned on conductor material 37 such that ferromagnetic 
cladding region 33 surrounds conductive material 37 and has 
gap 31 positioned adjacent to bottom 39. Ferromagnetic 
cladding region 33 can be deposited using electrochemical 
deposition or PVD combined With a subtractive etch to 
remove the magnetic material betWeen adjacent bit lines. 
Electrochemical deposition has the advantage of being self 
aligned to ferromagnetic cladding region 33 and to the 
conductive material 37 and eliminates the need for expen 
sive photolithography steps. Further, electroplating has the 
advantage of alloWing a high aspect ratio When depositing a 
material in a trench. 

[0032] Various changes and modi?cations to the embodi 
ments herein chosen for purposes of illustration Will readily 
occur to those skilled in the art. To the extent that such 
modi?cations and variations do not depart from the spirit of 
the invention, they are intended to be included Within the 
scope thereof Which is assessed only by a fair interpretation 
of the folloWing claims. 

Having fully described the invention in such clear and 
concise terms as to enable those skilled in the art to 
understand and practice the same, the invention claimed 
is: 
1. A conductive line for programming a magnetoresistive 

memory device comprising: 

an electrically conductive interconnect region positioned 
proximate to a magnetoresistive random access 
memory device, Wherein the interconnect region is 
capable of conducting a current for producing a mag 
netic ?eld and Wherein the interconnect region includes 
a conductive layer With a thickness and a Width and has 
a ?rst side, a second side, a third side, and a fourth side; 

a ferromagnetic cladding region With a thickness posi 
tioned on the ?rst side, the second side, the third side, 
and the fourth side of the conductive layer; and 

the ferromagnetic cladding region positioned on the ?rst 
side de?ning a trench having a Width less than the Width 
of the conductive layer and a depth approximately 
equal to the thickness of the ferromagnetic cladding 
region. 

2. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the intercon 
nect region is formed Within a substrate. 

3. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the ferro 
magnetic cladding region includes at least one layer con 
taining Ni, Fe, or C0, combinations thereof, and another 
suitable ferromagnetic material. 

4. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the ferro 
magnetic cladding region includes at least one layer of 
platinum, palladium, ruthenium, rhodium, rhenium, iridium, 
tantalum, combinations thereof, and another suitable con 
ductive material. 

5. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the conduc 
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tive layer includes one of copper, aluminum, platinum, gold, 
silver, and another suitable conductive material. 

6. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the Width of 
the trench in the ferromagnetic cladding region is chosen to 
provide a desired magnitude of the magnetic ?eld. 

7. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 1 Wherein the magnetic 
?eld is increased by a factor approximately equal to the 
Width of the metal layer divided by the Width of the trench 
in the ferromagnetic cladding region. 

8. A conductive line for programming a magnetoresistive 
memory device comprising: 

at least one of a metal interconnect bit and digit region 
positioned proximate to a magnetoresistive random 
access memory device, the metal interconnect bit and 
digit regions being capable of supplying a current 
Which produces a magnetic ?eld and Wherein the metal 
interconnect bit and digit regions include a conductive 
layer With a length and a Width and a ?rst side, a second 
side, a third side, and a fourth side; 

a ferromagnetic cladding region With a thickness posi 
tioned on the ?rst side, the second side, the third side, 
and the fourth side of the conductive layer; and 

the ferromagnetic cladding region positioned on the ?rst 
side de?ning a gap having a Width less than the Width 
of the conductive layer and a depth approximately 
equal to the thickness of the ferromagnetic cladding 
region, and Wherein the gap is positioned adjacent to 
the magnetoresistive random access memory device. 

9. A conductive line for programming a magnetoresistive 
memory device as claimed in claim 8 Wherein the conduc 
tive layer includes one of copper, aluminum, silver, gold, 
platinum, and another suitable conductive material. 

10. Aconductive line for programming a magnetoresistive 
memory device as claimed in claim 8 Wherein the magnetic 
?eld is increased by a factor approximately equal to the 
Width of the conductive layer divided by the Width of the gap 
in the ferromagnetic cladding region. 

11. Aconductive line for programming a magnetoresistive 
memory device as claimed in claim 8 Wherein the ferro 
magnetic cladding region includes at least one layer con 
taining Ni, Fe, or C0, combinations thereof, and another 
suitable ferromagnetic material. 

12. Aconductive line for programming a magnetoresistive 
memory device as claimed in claim 8 Wherein the ferro 
magnetic cladding region includes at least one layer of 
platinum, palladium, ruthenium, rhodium, rhenium, iridium, 
tantalum, combinations thereof, and another suitable con 
ductive material. 

13. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device, the method 
comprising the folloWing steps performed in any convenient 
order: 

providing a metal forming layer; 

patterning and etching a trench Within the metal forming 
layer Wherein the trench has a ?rst side, a second side, 
and a third side; 

depositing a ?rst ferromagnetic cladding region Within the 
trench and positioned on the ?rst side, the second side, 
and the third side of the trench; 
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depositing a metal layer Within the trench and adjacent to 
the ?rst ferromagnetic cladding region Within the 
trench; 

depositing a second ferromagnetic cladding region posi 
tioned on the metal layer and in contact With the ?rst 
ferromagnetic cladding region; 

forming a gap through one of the ?rst and second ferro 
magnetic cladding regions; and 

positioning a magnetoresistive random access memory 
device proximate to the gap. 

14. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 13 further including the step of using a spacer layer 
When forming the gap through one of the ?rst and second 
ferromagnetic cladding regions. 

15. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 13 Wherein the step of depositing the ferromagnetic 
cladding region includes using electrochemical deposition. 

16. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 13 Wherein the ?rst and second ferromagnetic clad 
ding regions include one of Ni, Fe, or C0, combinations 
thereof, and another suitable ferromagnetic material. 

17. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 13 Wherein the metal layer includes one of copper, 
aluminum, and another suitable conductive material. 

18. A method of adjusting the magnitude of the magnetic 
?eld produced by a conductive line for programming a 
magnetoresistive memory device comprising the steps of: 

forming a metal interconnect region With a ?rst side, a 
second side, a third side, and a fourth side, Wherein the 
metal interconnect region includes a metal layer With a 
Width; 

positioning a ferromagnetic cladding region With a thick 
ness on the ?rst side, the second side, the third side, and 
the fourth side of the metal interconnect region; 

patterning and etching a trench through the ferromagnetic 
cladding region Wherein the trench has a depth approxi 
mately equal to the thickness of the ferromagnetic 
cladding region and has a Width less than the Width of 
the metal layer; and 

positioning a magnetoresistive random access memory 
device adjacent to the trench through the ferromagnetic 
cladding region. 

19. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 further including the step of using a spacer layer 
When patterning and etching the trench through the ferro 
magnetic cladding region. 

20. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the Width of the trench through the 
ferromagnetic cladding region is adjusted to provide a 
desired magnetic ?eld magnitude. 

21. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the magnetic ?eld is increased by approxi 
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mately a factor equal to the Width of the metal layer divided 
by the Width of the trench in the ferromagnetic cladding 
region. 

22. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the metal interconnect region is one of a 
bit line and a digit line used to program the magnetoresistive 
random access memory device. 

23. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the step of depositing the ferromagnetic 
cladding region includes using electrochemical deposition. 
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24. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the ?rst and second ferromagnetic clad 
ding regions include one of Ni, Fe, or C0, combinations 
thereof, and another suitable ferromagnetic material. 

25. A method of fabricating a conductive line for pro 
gramming a magnetoresistive memory device as claimed in 
claim 18 Wherein the metal layer includes one of copper, 
aluminum, and another suitable conductive material. 


