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(57) ABSTRACT 

A semiconductor device (100) and method of fabrication 
thereof, Wherein a plurality of ?rst conductive lines (116) are 
formed in a dielectric layer (112) over a substrate (110), and 
an insulating cap layer (140) is disposed over the ?rst 
conductive lines (116) and exposed portions of the dielectric 
layer (112). The insulating cap layer (140) is patterned and 
etched to expose stack portions of the ?rst conductive lines 
(116). A conductive cap layer (144) is deposited over the 
exposed portions of the ?rst conductive lines (116). A 
magnetic material stack (118) is disposed over the insulating 

Corp.; International Business cfzap layer (140), and kthe rrtllagnetici material stlack isézt?ged t3 
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(21) Appl. No.: 10/210,742 conductive line (116) material during the etching processes. 
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INSULATING CAP LAYER AND CONDUCTIVE 
CAP LAYER FOR SEMICONDUCTOR DEVICES 

WITH MAGNETIC MATERIAL LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related to US. patent 
application Ser. No. 10/143,673, ?led on May 10, 2002 by 
LoW, entitled “Surface-Smoothing Conductive Layer for 
Semiconductor Devices With Magnetic Material Layers”, 
Which is incorporated herein by reference. 

TECHNICAL FIELD 

[0002] This invention relates to semiconductor devices, 
and more particularly to semiconductor devices With mag 
netic material layers. 

BACKGROUND OF THE INVENTION 

[0003] Semiconductor devices are used in many electronic 
applications. Semiconductor devices are made by deposit 
ing, patterning and etching one or more conductive, insu 
lating and semiconductive layers on a semiconductor Wafer. 
Semiconductor devices may include analog or digital cir 
cuits, memory devices, logic circuits, or combinations 
thereof, as eXamples. 

[0004] A more recent development in semiconductor 
memory devices are resistive memory devices, Which use 
magnetics to store a bit of information, rather than storing a 
charge, as in prior art memory devices such as Dynamic 
Random Access Memory (DRAM) devices. Magnetic mate 
rials are used in the manufacture of resistive memory 
devices. One such resistive memory device is a Magnetic 
Random Access Memory (MRAM) device, Which is increas 
ing in popularity as a storage device because of its advan 
tages of non-volatility, three dimensional cell packing capa 
bility, loWer poWer consumption, and simpler and less 
eXpensive processing compared to conventional DRAM 
devices and nonvolatile ?ash memories, as eXamples. 

[0005] MRAM devices use the relative orientation of the 
magnetiZation in ferromagnetic materials to store informa 
tion. Digital information, represented as a “0” or “1”, is 
storable in the alignment of magnetic moments. The resis 
tance of the magnetic component depends on the moment’s 
alignment. The stored state is read from the memory element 
by detecting the component’s resistive state. A memory cell 
may be constructed by placing conductive lines in a matriX 
structure having roWs and columns, With the memory cells 
being disposed at the cross-points of the conductive lines. 

[0006] Manufacturing MRAMs is challenging and pre 
sents a different set of problems than conventional memory 
devices. For eXample, multiple layers of magnetic materials 
are used, Which often comprise iron and other easily cor 
roded materials. Magnetic material layers may be negatively 
affected by surface irregularities of underlying layers, Which 
can be problematic in semiconductor processing and may 
cause Neel coupling. 

[0007] Also, in the manufacturing of MRAMs, copper is 
frequently used as the conductive line material to access e.g., 
read and Write information to the magnetic storage cells. 
Copper corrodes easily and may diffuse into adjacent insu 
lating layers, causing device failures. Because copper is 
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dif?cult to etch, copper conductive lines are usually formed 
using a damascene process, in Which holes and trenches are 
formed Within a dielectric, and then ?lled With a conductor. 
A subsequent Chemical-Mechanical Polishing (CMP) step 
removes eXcess copper from the top surface of the dielectric. 

[0008] When a conventional CMP process is used, the 
edges of patterned features such as conductive lines 16 tend 
to have additional edge topography 11, as shoWn on the 
substrate 10 in FIG. 1. The edge topography 11 may include 
protrusions or recesses that eXtend above or beloW the 
conductive line 16 surface, Which are caused by erosion and 
dishing. The conductive lines 16 may include a metallic 
liner, for eXample. This edge topography 11 may adversely 
impact device performance, particularly With MRAM 
devices. The defects 11 in the edge topography create a 
surface irregularity, and may distort or cause pinning effects 
on the magnetic ?eld of the domains of overlying ferromag 
netic materials. Distortion and pinning results in undesirable 
magnetostatic ?elds. Also, additional edge topography 11 
may introduce shorts through the thin magnetic tunneling 
junction When the magnetic stack is deposited over the edge 
topography. 

[0009] Another problem in manufacturing MRAMs is the 
possibility of overetching the magnetic stack material, 
Which may cause damage to the underlying conductive 
layer. In order for the MRAM device to function properly, 
the magnetic stack material is typically required to be 
adjacent to, or electrically coupled to the underlying con 
ductive line, Which may comprise a Wordline or bitline of the 
array, for eXample. Etching the magnetic stack layer While 
stopping on the interconnect layer, Without corroding or 
re-sputtering the interconnect metal onto the magnetic stack, 
is a challenge. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention achieve 
technical advantages as a structure and method for prevent 
ing problems With the magnetic material stack to underlying 
conductive line material interface. An insulating cap layer 
and a conductive cap layer are utiliZed to prevent a direct 
interface With the magnetic material stack to the underlying 
conductive line material. The insulating cap layer is depos 
ited over the conductive lines before the magnetic stack 
deposition. The insulating cap layer functions as a etch stop 
When etching the magnetic stack. 

[0011] In one embodiment, a method of fabricating a 
semiconductor device includes providing a substrate, depos 
iting a dielectric material over the substrate, and forming a 
plurality of ?rst conductive lines Within the dielectric mate 
rial. An insulating cap layer is deposited over the ?rst 
conductive lines and the dielectric material, the insulating 
cap layer is patterned, and portions of the insulating cap 
layer are removed from over stack portions of the ?rst 
conductive lines. A magnetic stack material is deposited 
over the insulating cap layer. 

[0012] In another embodiment, a semiconductor device 
includes a substrate, a dielectric material formed over the 
substrate, and a plurality of ?rst conductive lines formed 
Within the dielectric material. The ?rst conductive lines 
include stack portions and non-stack portions. An insulating 
cap layer is disposed over at least the ?rst conductive line 
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non-stack portions. A magnetic material stack is disposed 
over each ?rst conductive line stack portion. 

[0013] Advantages of embodiments of the invention 
include protecting the underlying ?rst conductive lines With 
the insulating cap layer during the magnetic stack etch 
process, preventing corroding or sputtering of the ?rst 
conductive line material during the magnetic stack etch. 
Advantageously, the insulating cap layer is adapted to func 
tion as an etch stop for the magnetic stack etch. The use of 
a conductive cap layer over the conductive lines ensures that 
the magnetic memory cells are formed over a texturally 
smooth surface, reducing or eliminating Neel coupling 
effects, minimiZing surface topography, and improving 
MRAM device reliability and performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above features of the present invention Will be 
more clearly understood from consideration of the folloWing 
descriptions in connection With accompanying draWings in 
Which: 

[0015] FIG. 1 shoWs a perspective vieW of additional edge 
topography Which can form during CMP that can adversely 
affect MRAM performance; and 

[0016] FIGS. 2-11 shoW cross-sectional vieWs of a pro 
cessing method and structure in accordance With an embodi 
ment of the present invention, Wherein an insulating cap 
layer is deposited over conductive lines prior to the magnetic 
stack material deposition. 

[0017] Corresponding numerals and symbols in the dif 
ferent ?gures refer to corresponding parts unless otherWise 
indicated. The ?gures are draWn to clearly illustrate the 
relevant aspects of the preferred embodiments and are not 
necessarily draWn to scale. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0018] Preferred embodiments of the present invention 
and some advantages thereof Will be discussed. 

[0019] The present invention achieves technical advan 
tages as a structure and method for protecting underlying 
?rst conductive lines during subsequent etching and pattern 
ing processes. An insulating cap layer is deposited over ?rst 
conductive lines, and the insulating cap layer is opened over 
the conductive lines. Aconductive material is deposited over 
the insulating cap layer, Within the insulating cap layer 
openings. 
[0020] FIGS. 2-11 illustrate cross-sectional vieWs of a 
resistive memory device 100 at various stages of fabrication 
in accordance With a preferred embodiment of the present 
invention, Wherein an insulating cap layer is deposited over 
conductive lines prior to the magnetic stack material depo 
sition. 

[0021] Referring to FIG. 2, a semiconductor substrate 110 
is provided. The substrate 110 may comprise silicon or other 
semiconductor materials covered by an insulating layer, for 
example. The substrate 110 may also include other active 
components or circuits formed in the front end of line 
(FEOL), not shoWn. The substrate 110 may comprise silicon 
oxide over single-crystal silicon, for example. The substrate 
110 may include other conductive layers or other semicon 
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ductor elements, e.g., transistors, diodes, etc. Compound 
semiconductors, GaAs, InP, Si/Ge, or SiC, as examples, may 
be used in place of silicon. 

[0022] Adielectric material layer 112 is deposited over the 
substrate 110. The dielectric layer 112 may comprise an 
insulator such as silicon dioxide or a loW dielectric constant 

(loW-k) material such as SILKTM, as examples. 

[0023] A damascene process is used to form conductive 
lines 116 in the dielectric material layer 112. Aplurality of 
trenches 114 are formed in the dielectric layer 112. The 
trenches 114 are ?lled With conductive material to form 
conductive lines 116. The ?rst conductive lines 116 com 
prise a plurality of substantially parallel lines, and may 
comprise Wordlines or bitlines of the memory array 100. The 
conductive lines 116 may include a liner deposited over the 
dielectric layer 112, comprising Ta, TaN, Ti, TiN, or WN, as 
examples. The conductive lines 116 preferably comprise a 
highly conductive material having a loW resistance, such as 
copper, although other conductive materials may be used. 

[0024] The Wafer is polished, for example, using a CMP 
process, to remove excess conductive line 116 material from 
the top surface of the dielectric layer 112 to form conductive 
lines 116 in the array region 132 and the periphery region 
134, as shoWn in FIG. 2. The conductive lines 116 include 
stack regions, upon Which magnetic stacks Will later be 
formed (see FIG. 7). The conductive lines 116 also include 
non-stack regions, upon Which no magnetic stacks Will be 
formed. Alternatively, conductive lines 116 may be formed 
in a non-damascene process, for example. 

[0025] In accordance With a preferred embodiment of the 
invention, an insulating cap layer 140 is deposited over the 
conductive lines 116 and exposed portions of the dielectric 
layer 112, as shoWn in FIG. 3. The insulating cap layer 140 
encapsulates the conductive lines 116 and protects the 
conductive lines 116 during subsequent etch processes, in 
particular, the magnetic stack etch. The insulating cap layer 
140 preferably comprises an amorphous insulating material. 
For example, the insulating cap layer 140 may comprise 
approximately about 100 to 300 Angstroms of silicon 
nitride. Alternatively, the insulating cap layer 140 may 
comprise other insulators such as SiO2, for example. The 
insulating cap layer 140 is patterned and etched, e.g., using 
lithography, such as a photoresist (not shoWn), to remove a 
portion of the insulating cap layer 140 from over the 
conductive lines 116 stack region at 142 in the array region 
132, as shoWn in FIG. 3. 

[0026] A conductive cap layer 144 is deposited over the 
insulating cap layer 142, as shoWn in FIG. 4. The conductive 
cap layer 144 preferably comprises a conductor such as TaN, 
and may alternatively comprise Ta, TiN or a copper alloy, as 
examples, although other conductive materials may also be 
used. The conductive cap layer 144 is preferably amorphous 
and is deposited in a thickness of about 400 Angstroms. 

[0027] The conductive cap layer 144 material may com 
prise a surface-smoothing conductive material, as described 
in related US. patent application Ser. No. 10/143,673, ?led 
on May 10, 2002 by LoW, entitled “Surface-Smoothing 
Conductive Layer for Semiconductor Devices With Mag 
netic Material Layers”, Which is incorporated herein by 
reference. In this embodiment, the conductive cap material 
144 preferably comprises a conductive material having a 
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smaller grain structure and a texturally smoother top surface 
than the top surface of underlying ?rst conductive lines 116. 
If the conductive line 116 material is copper, copper has a 
large grain structure, for example, and preferably the con 
ductive cap material 144 has a smaller grain structure than 
that of copper. 

[0028] In an optional processing step, the conductive cap 
layer 144 may be annealed, by heating the Wafer to a 
temperature of less than 300 degrees C. for about 30 
minutes, as an example. The conductive cap layer 144 is 
planariZed, for example, using a CMP process, to remove 
about 100 to 300 Angstroms of the conductive cap layer 144 
from the Wafer surface from above the insulating cap layer 
140, as shoWn in FIG. 5. About 100 to 300 Angstroms of the 
conductive cap layer 144 are left remaining over stack 
portions of the ?rst conductive lines 116. 

[0029] A magnetic stack layer 118, also referred to herein 
as a magnetic stack material or magnetic material stack, is 
then deposited on top of the conductive cap layer 144, as 
shoWn in FIG. 6. The magnetic stack layer 118 typically 
comprises a ?rst magnetic layer including one or more 
layers of materials such as PtMn, NiMn, IrMn, FeMn, CoFe, 
Ru, Al, and NiFe, for example. The ?rst magnetic layer is 
often referred to as a hard layer. The magnetic stack also 
includes a thin dielectric layer comprising A1203, for 
example, deposited over the ?rst magnetic layer. The dielec 
tric layer is often referred to as a tunnel layer, tunnel 
junction, or barrier layer. The magnetic stack also includes 
a second magnetic layer including one or more layers of 
materials such as PtMn, NiMn, IrMn, FeMn, CoFe, Ru, Al, 
and NiFe, for example. The second magnetic layer is often 
referred to as the soft layer. The total thickness of the 
magnetic stack layer 118 preferably comprises about 400 
Angstroms, as an example. 

[0030] A metallic hardmask 120 is deposited over the 
magnetic stack layer 118. The metallic hardmask 120 may 
comprise TiN, and alternatively may comprise TaN, Ta, W 
or other metals, as examples. The metallic hardmask 120 
may be about 500 to 1000 Angstroms thick, as an example. 

[0031] The metallic hardmask 120 and magnetic stack 
layer 118 are patterned, e.g., using a resist (not shoWn), and 
portions of the magnetic stack layer 118 are removed to 
leave magnetic stacks or magnetic memory cells 118 formed 
over the conductive lines 116, as shoWn in FIG. 7. The 
magnetic stacks 118 are preferably substantially rectangular 
or oval in shape. The insulating cap layer 140 protects the 
underlying ?rst conductive lines 116 during the magnetic 
stack 118 etch process, preventing the reaction of the etchant 
chemistries With the ?rst conductive line 116 material, and 
preventing corrosion and sputtering of the underlying con 
ductive line 116 material. 

[0032] The hardmask 120 may be used to pattern the 
magnetic stack layer 118, for example. A photoresist (not 
shoWn) may be used to pattern the hardmask 120, and then 
the photoresist is stripped. The pattern of the hardmask 120 
is then transferred to the magnetic stack layer 118. The 
masking process results in the stack layer 118 having 
exposed and non-exposed portions. The masking process is 
folloWed by an etch process, e.g., preferably a plasma etch 
of the stack layer 118 to remove the exposed portions of the 
stack layer 118, resulting in the pattern as shoWn in FIG. 7. 
The etch process for the magnetic stacks 118 is preferably 
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designed to stop on the insulating cap layer 140, according 
to an embodiment of the invention. Preferably, the material 
of the insulating cap layer 140 is selected that is non-reactive 
With the etchant material used in the etch process for the 
magnetic stacks 118. For example, a chlorine-based plasma 
gas may be used as the etchant medium. Silicon nitride does 
not react With a chlorine etchant gas, and is therefore an 
example of a preferred material for the insulating cap layer 
140. 

[0033] An insulator 122 is deposited over the metallic 
hardmask 120 and the insulating cap layer 140, as shoWn in 
FIG. 8. The insulator 122 may comprise silicon nitride, and 
alternatively may comprise silicon dioxide, as examples. 
The insulator 122 preferably comprises a thickness of at 
least the thickness of the metallic hardmask 120 and insu 
lating cap layer 140. Excess insulator 122 may be removed 
from the top of the hardmask 120 by polishing, using CMP, 
for example. 

[0034] An ILD material 126 is deposited over the hard 
mask 120 and insulator 122, as shoWn in FIG. 9. The ILD 
material 126 preferably comprises silicon dioxide and may 
alternatively comprise other dielectric materials, such as 
loW-k dielectric materials, as examples. 

[0035] A ?rst resist 130 is deposited over the ILD material 
126, and the ?rst resist 130 is patterned and etched. The ?rst 
resist 130 is used, e.g., in a damascene process, to etch 
trenches for conductive lines 128 Within the ILD material 
126 in array regions 132, as shoWn in FIG. 10. Trenches for 
contact vias 136 are also formed in this etch step Within the 
ILD material 126, in peripheral regions 134, as shoWn. The 
?rst resist 130 is removed from the Wafer. 

[0036] A second resist (not shoWn), is deposited over the 
ILD material 126, and is patterned to remove the second 
resist from over the contact vias 136 area. The insulator 122 
and insulating cap layer 140 are etched, using the second 
resist to mask the array regions 132 of the Wafer. The second 
resist is then removed from the Wafer. 

[0037] A conductive material is formed, e.g., by deposi 
tion or electroplating, in the trenches to form second con 
ductive lines 128 abutting the metallic hard mask 120 in the 
array region 132 and contacts 136 abutting the conductors 
116 in the periphery region 134, as shoWn in FIG. 11. The 
second conductive lines 128 comprise a plurality of sub 
stantially parallel lines, and may comprise Wordlines or 
bitlines of the memory array 100, as examples. The second 
conductive lines 128 preferably run in a different direction 
than the direction of the ?rst conductive lines 116, for 
example. A magnetic memory cell 118 is disposed at each 
cross-point Where the ?rst and second conductive lines 
116/128 overlap. The ?rst and second conductive lines 
116/128 are preferably adjacent, e.g., electrically coupled to, 
the top and bottom surface of the memory cells 118. The 
Wafer is processed to complete the fabrication of the MRAM 
device 100. 

[0038] The present invention achieves technical advan 
tages as a structure and method of protecting the ?rst 
conductive lines 116 during subsequent etch processes. The 
insulating cap layer 140 protects the underlying ?rst con 
ductive lines 116 during the magnetic stack 118 etch process. 
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Sputtering of the conductive material 116 is therefore pre 
vented during the magnetic stack 118 etch. The insulating 
cap layer 140 may act as an etch stop for the magnetic stack 
118 etch in an embodiment of the invention. 

[0039] Furthermore, the use of a conductive cap layer 144 
over the conductive lines 116 ensures that the magnetic 
memory cells 118 are formed over a teXturally smooth 
surface. If the magnetic stack 118 and conductive cap layer 
144 result in some misalignment over the conductive lines 
116, or if there are any surface irregularities such as dishing 
of the liner (if the conductive lines 116 include a liner), the 
conductive cap layer 144 provides a smooth surface at the 
interface of the magnetic stack layer 132. Depositing the 
magnetic stack material 118 over the smoother teXtural top 
surface of the conductive cap layer 144 rather than the 
teXturally rough top surface of the conductive lines 116 
reduces or eliminates Neel coupling. The conductive cap 
layer 144 encapsulates the underlying conductive 116 edge 
topography, dipping and uneven topography that can occur 
in underlying layers. 

[0040] While the invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations in combinations of the illustrative embodiments, as 
Well as other embodiments of the invention, Will be apparent 
to persons skilled in the art upon reference to the description. 
In addition, the order of process steps may be rearranged by 
one of ordinary skill in the art, yet still be Within the scope 
of the present invention. It is therefore intended that the 
appended claims encompass any such modi?cations or 
embodiments. Moreover, the scope of the present applica 
tion is not intended to be limited to the particular embodi 
ments of the process, machine, manufacture, composition of 
matter, means, methods and steps described in the speci? 
cation. Accordingly, the appended claims are intended to 
include Within their scope such processes, machines, manu 
facture, compositions of matter, means, methods, or steps. 

What is claimed is: 
1. A method of fabricating a semiconductor device, com 

prising: 

providing a substrate; 

depositing a dielectric material over the substrate; 

forming a plurality of ?rst conductive lines Within the 
dielectric material, the ?rst conductive lines including 
stack portions and non-stack portions; 

depositing an insulating cap layer over the ?rst conductive 
lines and the dielectric material; 

patterning the insulating cap layer; 

removing portions of the insulating cap layer from over 
the ?rst conductive line stack portions; and 

depositing a magnetic stack material over the insulating 
cap layer. 

2. The method according to claim 1, Wherein depositing 
the insulating cap layer comprises depositing an amorphous 
material. 

3. The method according to claim 1, Wherein depositing 
the insulating cap layer comprises depositing silicon dioxide 
or silicon nitride. 
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4. The method according to claim 1, further comprising: 

patterning the magnetic stack material; and 

etching aWay portions of the magnetic stack material to 
form magnetic stacks over the stack portions of the ?rst 
conductive lines. 

5. The method according to claim 4, further comprising, 
after removing portions of the insulating cap layer from over 
the ?rst conductive line stack portions: 

depositing a conductive cap layer over the insulating cap 
layer; and 

planariZing the conductive cap layer to remove the con 
ductive cap layer from over the insulating cap layer, 
leaving the conductive cap layer over the ?rst conduc 
tive line stack portions. 

6. The method according to claim 5, Wherein planariZing 
the conductive cap layer comprises a chemical-mechanical 
polishing process. 

7. The method according to claim 5, Wherein depositing 
a conductive cap layer comprises depositing a conductive 
material having a top surface that is teXturally smoother than 
the ?rst conductive line top surface. 

8. The method according to claim 5, Wherein depositing 
a conductive cap layer comprises depositing a conductive 
material having a smaller grain structure than the grain 
structure of the ?rst conductive lines. 

9. The method according to claim 5, Wherein depositing 
a conductive cap layer comprises depositing about 400 
Angstroms of TaN, Ta, TiN or a copper alloy. 

10. The method according to claim 5, Wherein the method 
comprises fabricating a magnetic random access memory 
(MRAM) device, further comprising: 

forming a plurality of second conductive lines over the 
magnetic stacks, Wherein the second conductive lines 
run in a different direction than the ?rst conductive line 
direction. 

11. The method according to claim 10, further compris 
ing: 

annealing the conductive cap material; 

depositing a metallic hardmask over the magnetic stack 
material, after depositing the magnetic stack material; 

depositing an insulator over the insulating cap layer, after 
forming the magnetic stacks; and 

depositing an inter-level dielectric (ILD) material over the 
insulator, Wherein the second conductive lines are 
formed Within the ILD material. 

12. A semiconductor device, comprising: 

a substrate; 

a dielectric material formed over the substrate; 

a plurality of ?rst conductive lines formed Within the 
dielectric material, the ?rst conductive lines including 
stack portions and non-stack portions; 

an insulating cap layer disposed over at least the ?rst 
conductive line non-stack portions; and 

a magnetic material stack disposed over each ?rst con 
ductive line stack portion. 

13. The semiconductor device according to claim 12, 
Wherein the insulating cap layer is amorphous. 



US 2004/0021188 A1 

14. The semiconductor device according to claim 12, 
Wherein the insulating cap layer comprises silicon dioxide or 
silicon nitride. 

15. The semiconductor device according to claim 12, 
Wherein the insulating cap layer is approximately 100 to 300 
Angstroms thick. 

16. The semiconductor device according to claim 12, 
further comprising a conductive cap layer disposed betWeen 
the magnetic material stacks and the ?rst conductive line 
stack portion. 

17. The semiconductor device according to claim 16, 
Wherein the insulating cap layer and the conductive cap 
layer comprise amorphous materials. 

18. The semiconductor device according to claim 16, 
Wherein the insulating cap layer comprises silicon dioxide or 
silicon nitride and the conductive cap layer comprises TaN, 
Ta, TiN or a copper alloy. 

19. The semiconductor device according to claim 16, 
Wherein the ?rst conductive lines have a top surface, 
Wherein the conductive cap layer has a top surface, and 
Wherein the conductive cap layer top surface is texturally 
smoother than the ?rst conductive line top surface. 
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20. The semiconductor device according to claim 16, 
Wherein the conductive cap layer comprises a material 
having a smaller grain structure than the ?rst conductive line 
material. 

21. The semiconductor device according to claim 16, 
Wherein the conductive cap layer is approximately 100 to 
300 Angstroms thick. 

22. The semiconductor device according to claim 16, 
Wherein the magnetic material stacks comprise magnetic 
memory cells of a Magnetic Random Access Memory 
(MRAM) device, further comprising: 

a plurality of second conductive lines disposed over the 
magnetic memory cells, Wherein each magnetic 
memory cell is located at an intersection of a ?rst and 
second conductive line. 

23. The semiconductor device according to claim 22, 
further comprising: 

a metallic hardmask disposed over the magnetic stacks; 

an insulator disposed over the insulating cap layer; and 

an inter-level dielectric (ILD) material disposed over the 
insulating cap layer, Wherein the second conductive 
lines are formed Within the ILD material. 

* * * * * 


