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MTJ STACK WITH CRYSTALLIZATION 
INHIBITING LAYER 

TECHNICAL FIELD 

[0001] The present invention relates generally to the fab 
rication of semiconductor devices, and more particularly to 
the fabrication of magnetic memory devices. 

BACKGROUND 

[0002] Semiconductors are used in integrated circuits for 
electronic applications, including radios, televisions, cell 
phones, and personal computing devices, as examples. One 
type of semiconductor device is a semiconductor storage 
device, such as a dynamic random access memory (DRAM) 
and ?ash memory, Which use a charge to store information. 

[0003] A recent development in semiconductor memory 
devices involves spin electronics, Which combines semicon 
ductor technology and magnetics. The spin of electrons, 
rather than the charge, is used to indicate the presence of 
binary states “1” and “0.” One such spin electronic device is 
a magnetic random access memory (MRAM) device Which 
includes conductive lines (Wordlines and bitlines) positioned 
in a different direction, e.g., perpendicular to one another in 
different metal layers, the conductive lines sandWiching a 
magnetic stack or magnetic tunnel junction (MTJ), Which 
functions as a magnetic memory cell. A current ?oWing 
through one of the conductive lines generates a magnetic 
?eld around the conductive line and orients the magnetic 
polarity into a certain direction along the Wire or conductive 
line. A current ?oWing through the other conductive line 
induces the magnetic ?eld and can partially turn the mag 
netic polarity, also. Digital information, represented as a “0” 
or “1,” is storable in the alignment of magnetic moments. 
The resistance of the magnetic memory cell depends on the 
moment’s alignment. The stored state is read from the 
magnetic memory cell by detecting the component’s resis 
tive state. 

[0004] MRAM devices are typically arranged in an array 
of roWs and columns and the Wordlines and bitlines are 
activated to access each individual memory cell. In a cross 
point MRAM array, current is run through the Wordlines and 
bitlines to select a particular memory cell. In a ?eld effect 
transistor array, each MT] is disposed proximate a 
FET, and the FET for each MT] is used to select a particular 
memory cell in the array. In a FET array, an electrode is 
typically formed betWeen the MT] and the FET to make 
electrical contact betWeen the MT] and the FET. 

[0005] An advantage of MRAM devices compared to 
traditional semiconductor memory devices such as dynamic 
random access memory (DRAM) devices is that MRAM 
devices are non-volatile. For example, a personal computer 
(PC) utiliZing MRAM devices Would not have a long 
“boot-up” time as With conventional PCs that utiliZe DRAM 
devices. Also, an MRAM device does not need to be 
continually poWered to “remember” the stored data. There 
fore, it is expected that MRAM devices Will replace ?ash 
memory, DRAM and static random access memory devices 
(SRAM) devices in electronic applications Where a memory 
device is needed. 

[0006] Because MRAM devices operate differently than 
traditional memory devices and because they are relatively 

Dec. 22, 2005 

neW, they introduce design and manufacturing challenges. 
For example, improved methods of forming resistive 
memory elements are needed. 

SUMMARY OF THE INVENTION 

[0007] Embodiments of the present invention provide 
novel methods of forming a magnetic stack and fabricating 
magnetic memory cells of an MRAM device. Embodiments 
of the present invention provide methods of forming a 
magnetic stack of magnetic memory devices and structures 
thereof having improved thermal stability, by disposing an 
amorphous material having a higher crystalliZation tempera 
ture than the crystalliZation temperature of the free layer 
over the free layer of a resistive memory element. 

[0008] In accordance With a preferred embodiment of the 
present invention, a method of manufacturing a magnetic 
stack of a resistive memory device over a Workpiece 
includes depositing a ?rst magnetic material layer over the 
Workpiece, depositing a tunnel insulator over the ?rst mag 
netic material layer, depositing a second magnetic material 
layer over the tunnel insulator, and depositing a crystalliZa 
tion inhibiting layer over the second magnetic material layer. 
The crystalliZation inhibiting layer comprises a material 
selected from the group consisting of: materials of the form 
MSiN, Wherein M is a metal; TaCo; TiPN2; W85Si15; IrTa; 
and TaRu. 

[0009] In accordance With another preferred embodiment 
of the present invention, a magnetic stack of a resistive 
memory device includes a ?rst magnetic material layer, a 
tunnel insulator disposed over the ?rst magnetic material 
layer, a second magnetic material layer disposed over the 
tunnel insulator, and a crystalliZation inhibiting layer dis 
posed over the second magnetic material layer. The crystal 
liZation inhibiting layer comprises a material selected from 
the group consisting of: materials of the form MSiN, 
Wherein M is a metal; TaCo; TiPN2; W85Si15; IrTa; and 
TaRu. 

[0010] Advantages of preferred embodiments of the 
present invention include providing a resistive memory 
element and method of manufacture thereof having 
improved thermal stability, improved coercitivity Ho, and 
CMOS compatibility. The crystalliZation inhibiting layer 
advantageously may also function as a diffusion barrier. 

[0011] The foregoing has outlined rather broadly the fea 
tures and technical advantages of embodiments of the 
present invention in order that the detailed description of the 
invention that folloWs may be better understood. Additional 
features and advantages of embodiments of the invention 
Will be described hereinafter, Which form the subject of the 
claims of the invention. It should be appreciated by those 
skilled in the art that the conception and speci?c embodi 
ments disclosed may be readily utiliZed as a basis for 
modifying or designing other structures or processes for 
carrying out the same purposes of the present invention. It 
should also be realiZed by those skilled in the art that such 
equivalent constructions do not depart from the spirit and 
scope of the invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW 
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made to the following descriptions taken in conjunction With 
the accompanying drawings, in Which: 

[0013] FIG. 1 illustrates a perspective vieW of a prior art 
MRAM array; 

[0014] FIG. 2 shoWs a cross-sectional vieW of a less 
preferred embodiment of a magnetic stack structure for a 
resistive memory element; 

[0015] FIG. 3 illustrates in cross-section a magnetic stack 
structure for a resistive memory element according to an 
embodiment of the present invention, having a crystalliZa 
tion inhibiting layer formed over the free layer of the 
magnetic stack, Wherein the crystalliZation inhibiting layer 
comprises a material that is amorphous and has a higher 
crystalliZation temperature than the underlying free layer; 

[0016] FIG. 4 shoWs a cross-sectional vieW of an embodi 
ment of the invention implemented in a PET MRAM array; 

[0017] FIG. 5 shoWs a cross-sectional vieW of an embodi 
ment of the invention implemented in a crosspoint MRAM 
array; 

[0018] FIGS. 6 and 7 shoW Kerr loop graphs of magnetic 
stacks in a less preferred embodiment after an anneal at 400 
degrees C.; and 

[0019] FIGS. 8 and 9 shoW Kerr loop graphs of magnetic 
stacks including the novel crystalliZation inhibiting layer 
disposed over the free layer of a magnetic stack in accor 
dance With an embodiment of the present invention, after an 
anneal at 400 degrees C. 

[0020] Corresponding numerals and symbols in the dif 
ferent ?gures generally refer to corresponding parts unless 
otherWise indicated. The ?gures are draWn to clearly illus 
trate the relevant aspects of the preferred embodiments and 
are not necessarily draWn to scale. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0021] The making and using of the presently preferred 
embodiments are discussed in detail beloW. It should be 
appreciated, hoWever, that the present invention provides 
many applicable inventive concepts that can be embodied in 
a Wide variety of speci?c contexts. The speci?c embodi 
ments discussed are merely illustrative of speci?c Ways to 
make and use the invention, and do not limit the scope of the 
invention. 

[0022] The present invention Will be described With 
respect to preferred embodiments in a speci?c context, 
namely a magnetic stack implemented in an MRAM array. 
Embodiments of the present invention may also be applied, 
hoWever, to other resistive memory device applications, 
magnetic memory cell designs, and magnetic semiconductor 
device applications, as examples. The present invention is 
particularly bene?cial When implemented in the manufac 
ture of PET and crosspoint MRAM arrays, as examples. 

[0023] A prior art MRAM design structure Will be 
described, folloWed by a discussion of a less preferred 
embodiment of a magnetic stack, preferred embodiments 
and exemplary implementations of the present invention, 
and some advantages of embodiments of the present inven 
tion. 
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[0024] FIG. 1 illustrates a perspective vieW of a prior art 
crosspoint MRAM 100 device having bitlines 112 located 
substantially perpendicular to Wordlines 122 in adjacent 
metalliZation layers. Magnetic stacks 114 are positioned 
betWeen the bitlines 112 and Wordlines 122 adjacent and 
electrically coupled to bitlines 112 and Wordlines 122. The 
magnetic stacks 114 are also referred to herein as resistive 
memory elements or MTJ’s. 

[0025] A typical manufacturing process for the MRAM 
device 100 of FIG. 1 Will next be described. A Workpiece 
(not shoWn) is provided, typically comprising silicon oxide 
over silicon single-crystal silicon, for example. The Work 
piece may include other conductive layers or other semi 
conductor elements, e.g., transistors, diodes, etc. Compound 
semiconductors such as GaAs, InP, Si/Ge, and SiC may be 
used in place of silicon, for example. 

[0026] A ?rst inter-level dielectric layer (not shoWn) is 
deposited over the Workpiece. The inter-level dielectric may 
comprise silicon dioxide, for example. The inter-level 
dielectric layer is patterned, for example, for vias, and 
etched. The vias may be ?lled With a metal such as copper, 
tungsten or other metals, for example. 

[0027] AmetalliZation layer, e.g., an M2 layer comprising 
aluminum or copper, is formed next. If copper is used for the 
?rst conductive lines 112, typically a damascene process is 
used to form the ?rst conductive lines 112. A dielectric, not 
shoWn, is deposited over inter-level dielectric layer and vias. 
The dielectric layer is patterned and etched, and the trenches 
are ?lled With conductive material to form the ?rst conduc 
tive lines 112 in the M2 layer. Alternatively, the ?rst con 
ductive lines 112 may be formed using a subtractive etch 
process, and a dielectric material may be disposed betWeen 
the ?rst conductive lines 112. 

[0028] Next, a magnetic stack 114 is formed over ?rst 
conductive lines 112. The magnetic stack 114 typically 
comprises a ?rst magnetic layer 116 including one or more 
magnetic layers. The ?rst magnetic layer 116 may comprise 
a plurality of layers of materials such as PtMn, NiMn, IrMn, 
FeMn, CoFe, Ru, Al, and NiFe, as examples, although 
alternatively, other materials may be used for the ?rst 
magnetic layer 116, for example. The ?rst magnetic layer 
116 is also referred to as a hard layer or a pinned layer 
because its magnetic orientation is ?xed. 

[0029] The magnetic stack 114 also includes a thin dielec 
tric layer 118 comprising AlXOy, e.g., A1203, for example, 
deposited over the ?rst magnetic layer 116, although alter 
natively, the dielectric layer 118 may comprise other insu 
lating materials. The dielectric layer 118 is often referred to 
as a tunnel layer, tunnel junction, or barrier layer. 

[0030] The magnetic stack 114 also includes a second 
magnetic layer 120 comprising similar materials as the ?rst 
magnetic layer 116. The second magnetic layer 116 is often 
referred to as the soft layer or free layer because its magnetic 
orientation is changed depending on the desired logic state 
of the magnetic memory cell. 

[0031] The ?rst magnetic layer 116, dielectric layer 118 
and second magnetic layer 120 are patterned to form a 
plurality of MTJ’s 110, With each MT] 110 being disposed 
over a ?rst conductive line 112. The patterned magnetic 
stacks 114 or MTJ’s 110 are typically substantially rectan 
gular or oval in shape, as shoWn. The MTJ’s 110 comprise 
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resistive memory elements, and the terms “MTJ” and “resis 
tive memory element” are used interchangeably herein. 

[0032] A plurality of second conductive lines 122 is 
formed over the MTJ’s 110. The second conductive lines 
122 may be formed Within an M3 layer, for example, and are 
positioned in a different direction than the ?rst conductive 
lines 112. If the second conductive lines 122 comprise 
copper, again, a damascene process is typically used to form 
them. A dielectric layer (not shoWn) is deposited over the 
MTJ’s 110. The dielectric layer is patterned and etched With 
trenches that Will be ?lled With a conductive material to form 
the second conductive lines 122. Alternatively, a non-dama 
scene process may be used to form the ?rst and second 
conductive lines 112 and 122. Conductive lines 112 and 122 
may function as the Wordlines and bitlines of the MRAM 
array 100, as examples. 

[0033] The order of the magnetic stack 114 layers may be 
reversed, e.g., the pinned layer 116 may be on the top of or 
above the insulating layer 118, and the free layer 120 may 
be on the bottom of or beloW the insulating layer 118. 
Similarly, the Wordlines 112 and bitlines 122 may be dis 
posed either above or beloW the magnetic stack layers 114. 

[0034] In MRAM devices, information is stored in the free 
layer 120 of the MTJ’s 110. To store the information, the 
magnetiZation of one ferromagnetic layer or information 
layer, e.g., the free layer 120, is aligned either parallel or 
anti-parallel to a second magnetic layer or reference layer, 
e.g., the pinned layer 116. The information is detectable due 
to the fact that the resistance of a parallel element is different 
than an anti-parallel element. SWitching from a parallel to an 
anti-parallel state, and vice versa, may be accomplished by 
running current, often referred to as the sWitching current, 
through both conductive lines 112 and 122, and from the 
pinned layer 116 to the free layer 120, or vice versa. The 
sWitching current induces a magnetic ?eld at the location of 
the MT] memory element 110 large enough to change the 
magnetiZation of the information layer or free layer 120. 
Tunneling current is current run through the element that is 
used for reading the resistive state. 

[0035] A more detailed cross-sectional vieW of a less 
preferred embodiment of a magnetic stack 214 for an 
MRAM device is shoWn in FIG. 2. Like numerals are used 
for the various elements in FIG. 2 as Were described With 
reference to FIG. 1. To avoid repetition, each reference 
number shoWn in the diagram may not necessarily be 
described again in detail herein. Rather, similar materials 
X16, x18, x20, etc. . . . are preferably used for the material 
layers shoWn as Were described for FIG. 1, Where x=1 in 
FIG. 1 and x=2 in FIG. 2. 

[0036] The magnetic stack 214 includes an optional pin 
ning layer 238 disposed over a ?rst insulating layer and ?rst 
conductive lines (not shoWn in FIG. 2; refer to FIG. 1). The 
optional pinning layer 238 comprises a bottom electrode 230 
and an antiferromagnetic layer 236 disposed over the bottom 
electrode 230, as shoWn. The bottom electrode 230 typically 
comprises a ?rst layer 232 comprising a conductive material 
such as TaN, and a second layer 234 comprising a conduc 
tive material such as Ta deposited over the ?rst layer 232. 
The antiferromagnetic layer 236 preferably comprises a 
Mn-containing material such as PtMn or IrMn deposited 
over the bottom electrode 230. The ?rst layer 232 of the 
bottom electrode 230 may comprise a thickness of about 50 
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to 100 Angstroms, the second layer 234 of the bottom 
electrode 230 may comprise a thickness of about 50 to 100 
Angstroms, and the PtMn layer may comprise a thickness of 
about 125 to 300 Angstroms, as examples, although alter 
natively, layers 232, 234 and 236 may comprise other 
dimensions, for example. The bottom electrode 230 may 
function as a seed layer for the antiferromagnetic layer 236. 
The bottom electrode 230 may also function to connect the 
bottom magnetic layer 216 of the resistive memory cell 
formed by a patterned magnetic stack 214 to an underlying 
Wordline or access FET, for example (not shoWn in FIG. 2; 
see FIG. 4). Thus, the pinning layer 238 functions as a 
pinning layer for the ?xed layer 240 of the magnetic stack 
214, by increasing the coercive ?eld of the ?xed layer 216, 
and also may function as a bottom electrode to electrically 
connect the free layer 240 to an underlying ?rst conductive 
line, e.g., by a via, to be described further herein With 
reference to FIG. 4. 

[0037] If the magnetic stack 214 is used in a PET MRAM 
array, preferably the optional pinning layer 238 is used, in 
order to make electrical contact to underlying access FETs 
and other electrical components. HoWever, in some cross 
point MRAM array designs, a pinning layer 238 may not be 
required in the magnetic stack 214, but rather, the ?rst 
magnetic material layer 216 may be formed directly over an 
underlying Wordline or bitline (such as conductive line 112 
shoWn in FIG. 1). 

[0038] A ?rst magnetic material layer 216 is formed over 
the pinning layer 238 (or over an underlying ?rst insulating 
layer, if a pinning layer 238 is not used), as shoWn in FIG. 
2. The ?rst magnetic material layer 216 is also referred to 
herein as a ?xed layer 216 because its magnetic orientation 
is ?xed by the pinning layer 238. The ?xed layer 216 is often 
referred to in the art as a pinned layer, for example. The ?xed 
layer 216 may include a ?rst magnetic layer 240 deposited 
over the pinning layer 238, a thin spacer layer 242 deposited 
over the ?rst magnetic layer 240, and a second magnetic 
layer 244 deposited over the thin spacer layer 242. In the 
embodiment shoWn, the ?xed layer 216 may comprise tWo 
magnetic layers 240 and 244 comprising a material such as 
NiFe or CoFe having a thickness of about 30 Angstroms 
each, that sandWich a non-magnetic spacer material 242 
such as Ru having a thickness of about 10 Angstroms, as 
examples. The non-magnetic spacer material 242 anti 
couples the tWo magnetic layers 240 and 244 of the ?xed 
layer 216. The ?xed layer 216 may alternatively comprise a 
single magnetic layer or a plurality of magnetic layers (not 
shoWn in FIG. 2; see FIG. 5). For example, the ?xed layer 
216 may comprise a single layer of magnetic material such 
as NiFe or CoFe having a thickness of about 30 Angstroms. 

[0039] A tunnel insulator 218 is formed over the ?rst 
magnetic material layer 216. The tunnel insulator 218 may 
comprise about 10 to 15 Angstroms or less of an insulator 
such as AlXOy, for example, although alternatively, other 
insulating materials may be used for the tunnel insulator 
218. The tunnel insulator 218 is also referred to as a tunnel 
barrier or a tunnel junction. 

[0040] A second magnetic material layer 220 is deposited 
over the tunnel insulator 218. The second magnetic material 
layer 220 may comprise a single magnetic layer as shoWn in 
FIG. 2, or alternatively, the second magnetic material layer 
220 may comprise a plurality of magnetic layers (not 
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shown). Alternatively, the second magnetic material layer 
220 may comprise tWo magnetic layers comprising a mate 
rial such as NiFe or CoFe having a thickness of about 30 
Angstroms each, that sandWich a non-magnetic spacer mate 
rial such as Ru having a thickness of about 10 Angstroms, 
as examples, as described for the ?rst magnetic material 
layer 216 (not shoWn in FIG. 2; see FIG. 5). 

[0041] The ?rst magnetic material layer 216 and the 
second magnetic material layer 220 may comprise one or 
more magnetic material layers comprising CoFe, NiFe, 
CoFeB or other magnetic materials, as examples, although 
alternatively, the ?rst magnetic material layer 216 and the 
second magnetic material layer 220 may comprise other 
materials. 

[0042] The second magnetic material layer 220 is also 
referred to herein as a free layer 220 because the magnetic 
polarization direction may rotate depending on the magnetic 
?eld, Which is hoW information is Written to or stored in a 
resistive memory cell of an MRAM device. After being 
patterned, the optional pinning layer 238, the ?xed layer 
216, the tunnel insulator 218, and the free layer 220 of the 
magnetic stack 214 (and also top electrode 216, to be 
described herein) are often collectively referred to as a 
magnetic tunnel junction (MTJ) or resistive memory ele 
ment. 

[0043] A top electrode material 246 is deposited over the 
free layer 220, as shoWn. The top electrode material 246 may 
comprise a ?rst hard mask comprising a conductive mate 
rial. For example, the top electrode material 246 may 
comprise a metal such as TiN, and may alternatively com 
prise TaN, Ta, Ti, Pt, PtMn, Ru, IrMn, or Al, as examples, 
although the top electrode material 246 may also comprise 
other materials. The top electrode material 246 may be 
patterned, using a photoresist as a mask, for example, using 
lithography techniques, and the top electrode material 246 
may be used as a mask to pattern one or more underlying 
material layers 220, 218, 216 and 238, for example. A 
second hard mask (not shoWn) may be used to pattern the 
pinning layer 238, for example (not shoWn: see US. Pat. No. 
6,713,802 entitled “Magnetic Tunnel Junction Patterning 
Using SiC or SiN,” issued on Mar. 30, 2004 to Lee, Which 
is incorporated herein by reference.) 

[0044] Second conductive lines such as conductive lines 
122 shoWn in FIG. 1 may be formed over the top electrode 
material 246 in a later manufacturing step, to make electrical 
contact to the top electrode material 246, not shoWn. 

[0045] A problem With the magnetic stack 214 shoWn in 
FIG. 2 is that at high temperatures, the magnetic properties 
of the free layer 220 deteriorate, resulting in decreased 
performance and in some cases, loss of the ability to store 
information in a resistive memory cell. For example, if 
CoFeB is used for the material of the free layer 220, CoFeB 
crystallizes at about 375 degrees C., Which is a relatively loW 
temperature. 

[0046] In some less preferred magnetic stack designs, the 
free layer 220 may include a top layer or cap layer (not 
shoWn) of about 100 Angstroms of Ta or TaN, for example, 
to protect the free layer 220 during the patterning process 
and to function as a diffusion barrier. HoWever, this top layer 
is not amorphous, but rather, is typically crystalline, and 
does not improve the thermal stability of the magnetic stack 
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214. The material of the top layer may interdiffuse into the 
free layer 220 and/or induce crystallization of the free layer 
220, thus resulting in the loss of magnetoresistance, an 
increase in the coercivity Hc of the free layer 220, and 
deterioration of the magnetic properties of the magnetic 
stack 214. Also, material from layers above the top layer of 
the free layer 220 (e.g., from conductive lines 122 shoWn in 
FIG. 1) may diffuse along grain boundaries of the top layer 
into the free layer 220. 

[0047] Embodiments of the present invention achieve 
technical advantages by forming a crystallization inhibiting 
layer 350 over the free layer 320 of a magnetic material 
stack 314, as shoWn in FIG. 3, Wherein the crystallization 
inhibiting layer 350 comprises a material that crystallizes at 
a temperature higher than the temperature the free layer 320 
crystallizes at. The crystallization inhibiting layer 350 
improves the performance of the free layer 320 by increas 
ing the thermal stability of the resistive memory cell. 

[0048] A cross-sectional vieW of a preferred embodiment 
of the present invention is shoWn in FIG. 3. Like numerals 
are preferably used for the various elements in FIG. 3 as 
Were described With reference to FIGS. 1 and 2. To avoid 
repetition, each reference number shoWn in the diagram may 
not necessarily be described again in detail herein. Rather, 
similar materials x16, x18, x120, etc. . . . are preferably used 
for the material layers shoWn as Were described for FIGS. 
1 and 2, Where x=1 in FIG. 1, x=2 in FIG. 2, and x=3 in 
FIG. 3. As an example, the preferred and alternative mate 
rials and dimensions described for ?rst magnetic material 
layer 216 in the description for FIG. 2 are preferably also 
used for the ?rst magnetic material layer 316 in FIG. 3. 

[0049] The magnetic stack 314 includes a crystallization 
inhibiting layer 350 formed over the second magnetic mate 
rial layer 320, as shoWn. The crystallization inhibiting layer 
350 is preferably formed over the second magnetic material 
layer 320 before the magnetic stack 314 is patterned. For 
example, the crystallization inhibiting layer 350 is prefer 
ably formed over the second magnetic material layer 320 
before the hard mask 346 is deposited. According to the 
particular application of the magnetic stack 314, the term 
“magnetic stack” may refer only to the ?xed layer 316, 
tunnel insulator 318, free layer 320 and the crystallization 
inhibiting layer 350, as shoWn in phantom at 314a. Alter 
natively, the term magnetic stack 314 may also include the 
antiferromagnetic layer 336, as shoWn in phantom at 314b. 
In other applications, the term magnetic stack 314 may 
further include the bottom electrode 330, as shoWn in 
phantom at 314c, for example. Furthermore, a portion of the 
bottom electrode 330 e.g., layer 334, may be considered a 
part of the magnetic stack 314, While portion 332 may not 
be considered a part of the magnetic stack 314, for example. 

[0050] The crystallization inhibiting layer 350 preferably 
comprises an amorphous material that crystallizes at a 
temperature higher than the temperature the free layer 320 
crystallizes at, in accordance With embodiments of the 
present invention. Preferably, the crystallization inhibiting 
layer 350 is conductive so that electrical connection is made 
betWeen the top electrode 346 and the free layer 320. 
HoWever, alternatively, the crystallization inhibiting layer 
350 may comprise insulating materials, if the crystallization 
inhibiting layer 350 is very thin, e. g., a feW Angstroms thick. 

[0051] In one embodiment, the crystallization inhibiting 
layer 350 preferably comprises a material of the form MSiN, 
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wherein M= is a metal such as Ta, Ti, M0, or W, as examples. 
Alternatively, M may comprise other metals, for example. 
Such metals of the form MSiN are amorphous Within a Wide 
range of compositions and crystallize generally above 600 
degrees C. 

[0052] For example, if the crystallization inhibiting layer 
350 comprises TaSiN, TaSiN is amorphous if the ratio of 
Ta:Si<3, regardless of the N concentration. Crystallization 
of TaSiN does not occur beloW about 900 degrees C., for 
example. Thus, a crystallization inhibiting layer 350 com 
prising TaSiN substantially improves the thermal stability of 
the magnetic stack 314 of a resistive memory cell. 

[0053] In another embodiment, the crystallization inhibit 
ing layer 350 preferably comprises TaCo, Which crystallizes 
at about 600 degrees C., for example. In yet another embodi 
ment, the crystallization inhibiting layer 350 preferably 
comprises TiPN2, W85Si15, or IrTa, as examples. In another 
embodiment, the crystallization inhibiting layer 350 prefer 
ably comprises TaRu. 

[0054] The crystallization inhibiting layer 350 preferably 
comprises a thickness of about 200 Angstroms or less, e.g., 
about 10 to 200 Angstroms. The crystallization inhibiting 
layer 350 preferably crystallizes at a temperature of greater 
than about 375 degrees C., in one embodiment. In another 
embodiment, the crystallization inhibiting layer 350 crys 
tallizes at a temperature of greater than about 400 to 450 
degrees C., for example. Alternatively, the crystallization 
inhibiting layer 350 crystallizes at other temperatures, for 
example. Preferably, the crystallization inhibiting layer 350 
crystallizes at a ?rst temperature, and the second magnetic 
material layer 320 crystallizes at a second temperature, 
Wherein the ?rst temperature is higher than the second 
temperature. 

[0055] In another embodiment, the crystallization inhibit 
ing layer 350 comprises AlXOy. In this embodiment, pref 
erably the thickness of the crystallization inhibiting layer 
350 is thinner, e.g., betWeen about 5 and 20 Angstroms, to 
alloW signi?cant tunneling current. In this embodiment, 
preferably the resistance of the crystallization inhibiting 
layer 350 is less than the resistance of the tunnel barrier 318, 
to avoid loss of magnetoresistance due to series resistance, 
and to optimize the performance of the resistive memory 
cell. AlXOy is a material that is amorphous and crystallizes at 
a temperature greater than the temperature at Which the free 
layer 320 crystallizes. 

[0056] The crystallization inhibiting layer 350 may be 
deposited using physical vapor deposition (PVD), ion beam 
deposition, or a sputter deposition, as examples. Alterna 
tively, the crystallization inhibiting layer 350 may be depos 
ited using other deposition methods. Amorphous materials 
used for diffusion barriers in copper technology that have a 
crystallization temperature higher than the temperature of 
the material of the free layer 320 may also be used for the 
crystallization inhibiting layer 350, for example. 
[0057] Because the crystallization inhibiting layer 350 is 
amorphous and crystallizes at a higher temperature than the 
temperature the free layer 320 material crystallizes at, the 
crystallization inhibiting layer 350 prevents the free layer 
320 from crystallizing When the magnetic stack 314 is 
heated. Thus, a resistive memory cell formed from the 
magnetic stack 314 has a tunnel junction that has increased 
thermal stability. 
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[0058] Because the material used for the tunnel insulator 
318 is also amorphous, the free layer 320 is sandWiched by 
tWo amorphous material layers 350 and 318, Which further 
improves the thermal stability of the magnetic stack 314. 

[0059] Embodiments of the present invention have useful 
application in both FET MRAM arrays and crosspoint 
MRAM arrays. For example, a cross-sectional vieW of a 
semiconductor device 400 comprising a magnetic stack 414 
described herein implemented in a PET MRAM array is 
shoWn in FIG. 4. Again, like numerals are preferably used 
for the various elements in FIG. 4 as Were described With 
reference to FIGS. 1 through 3, and to avoid repetition, 
each reference number shoWn in FIG. 4 is not necessarily 
described again in detail herein. 

[0060] The magnetic stack 414 includes the crystallization 
inhibiting layer 450 disposed over the free layer 420, as 
shoWn. At least a portion of the pinning layer 438 (e.g., such 
as the bottom electrode 330 shoWn in FIG. 3; not shoWn in 
FIG. 4) functions as a strap to electrically couple the ?xed 
layer 416 to via 406b formed in insulating layer 404b. The 
via 406b is coupled to a conductive line 412 formed in 
insulating layer 404a, as shoWn. The conductive line 412 is 
connected by via 406a to a PET 408 comprising a source S, 
drain D, gate oxide 409 and gate G formed over and Within 
the Workpiece 402. A conductive line 422 is disposed over 
and abutting the top electrode 446. A plurality of resistive 
memory elements (not shoWn) comprised of patterned mag 
netic stacks 414 may be disposed in an array on a single 
semiconductor device, for example. 

[0061] An embodiment of the present invention imple 
mented in a crosspoint MRAM array is shoWn in FIG. 5 in 
a cross-sectional vieW. Again, like numerals are preferably 
used for the various elements in FIG. 5 as Were described 
With reference to FIGS. 1 through 4, and to avoid repeti 
tion, each reference number shoWn in FIG. 5 is not neces 
sarily described again in detail herein. 

[0062] In this embodiment, there is no top electrode (such 
as 346 shoWn in FIG. 3), but rather, the crystallization 
inhibiting layer 550 is formed over the top surface of the free 
layer 520, and conductive lines 522 are formed directly over 
and abutting the crystallization inhibiting layer 550, for 
example. In this embodiment, the free layer 520 comprises 
tWo magnetic layers 560 and 564 comprising a material such 
as NiFe or CoFe having a thickness of about 30 Angstroms 
each, that sandWich a non-magnetic spacer material 562 
such as Ru having a thickness of about 10 Angstroms, as 
examples. The non-magnetic spacer material 562 couples 
the tWo magnetic layers 560 and 564 of the free layer 520. 
The free layer 520 may alternatively comprise a single 
magnetic layer or a plurality of magnetic layers, as shoWn in 
FIGS. 3 and 4. Also, in this embodiment, the ?xed layer 512 
comprises a single magnetic layer or a plurality of magnetic 
layers, although alternatively the ?xed layer 512 may com 
prise a sandWich as shoWn in FIG. 3. Aplurality of resistive 
memory elements may be formed from the material stack 
514 shoWn, With the resistive memory elements being sepa 
rate from one another by insulating material 504 disposed 
over the Workpiece 502, as shoWn. 

[0063] An optional cap layer 570 may be disposed over 
the crystallization inhibiting layer 550, as shoWn, Wherein 
the cap layer 570 comprises about 50 Angstroms or less of 
Ta, TaN, TiN, Ti, or combinations thereof, as examples. The 
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optional cap layer 570 may also be used in the embodiments 
shoWn in FIGS. 3 and 4, for example. 

[0064] FIGS. 6 and 7 shoW Kerr loop graphs in the easy 
axis direction of magnetic stacks after an anneal at 400 
degrees C., for the less preferred magnetic stack shoWn in 
FIG. 2. FIGS. 8 and 9 shoW Kerr loop graphs for a 
magnetic stack comprising the same materials, yet having an 
amorphous crystalliZation inhibiting layer comprising ALKOY 
disposed over the free layer. A different scale is observed for 
the minor loop, indicating very high Hc for the less preferred 
magnetic stack of FIG. 2. The sample With the crystalliZa 
tion inhibiting layer in accordance With embodiments of the 
present invention in FIGS. 8 and 9 does not shoW any 
changes in the magnetic properties after the anneal, and thus 
alloWs a controlled design of the magnetic properties in the 
magnetic stack. 

[0065] Advantages of embodiments of the invention 
include improving the thermal stability of resistive memory 
elements and magnetic stacks of an MRAM device. The 
crystalliZation inhibiting layer 350, 450, and 550 described 
herein prevents the free layer 320, 420, and 520, respectively 
of magnetic stacks 314, 414, and 514 from crystalliZing 
When subjected to high temperatures, thus providing 
improved thermal stability for resistive memory elements of 
an MRAM memory device. A resistive memory device that 
is thermally stabile at temperatures of at least 400 degrees C. 
may be manufactured using the novel crystalliZation inhib 
iting layer 350, 450, and 550 of the present invention, for 
example. The crystalliZation inhibiting layers 350, 450, and 
550 described herein also function as a diffusion barrier, for 
example. MRAM devices With improved Hc and CMOS 
compatibility advantageously result from embodiments of 
the present invention. 

[0066] Although embodiments of the present invention 
and their advantages have been described in detail, it should 
be understood that various changes, substitutions and alter 
ations can be made herein Without departing from the spirit 
and scope of the invention as de?ned by the appended 
claims. For example, it Will be readily understood by those 
skilled in the art that many of the features, functions, 
processes, and materials described herein may be varied 
While remaining Within the scope of the present invention. 
Moreover, the scope of the present application is not 
intended to be limited to the particular embodiments of the 
process, machine, manufacture, composition of matter, 
means, methods and steps described in the speci?cation. As 
one of ordinary skill in the art Will readily appreciate from 
the disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed, that 
perform substantially the same function or achieve substan 
tially the same result as the corresponding embodiments 
described herein may be utiliZed according to the present 
invention. 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 manufacturing a magnetic stack of a 

resistive memory device over a Workpiece, the method 
comprising: 

depositing a ?rst magnetic material layer over the Work 
piece; 
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depositing a tunnel insulator over the ?rst magnetic 
material layer; 

depositing a second magnetic material layer over the 
tunnel insulator; and 

depositing a crystalliZation inhibiting layer over the sec 
ond magnetic material layer, 

Wherein the crystalliZation inhibiting layer comprises a 
material selected from the group consisting of: 1) 
materials of the form MSiN, Wherein M is a metal; 2) 
TaCo; 3) TiPN2; 4) W85Si15; 5) IrTa; and 6) TaRu. 

2. The method according to claim 1, Wherein the crystal 
liZation inhibiting layer comprises a material of the form 
MSiN, Where M comprises Ta, Ti, M0, or W. 

3. The method according to claim 1, Wherein depositing 
the crystalliZation inhibiting layer comprises depositing a 
material that crystalliZes at a temperature of about 400 to 
450 degrees C. or greater. 

4. The method according to claim 1, Wherein the crystal 
liZation inhibiting layer crystalliZes at a ?rst temperature, 
Wherein the second magnetic material layer crystalliZes at a 
second temperature, Wherein the ?rst temperature is higher 
than the second temperature. 

5. The method according to claim 1, Wherein depositing 
the crystalliZation inhibiting layer comprises depositing an 
amorphous material. 

6. The method according to claim 1, Wherein depositing 
the crystalliZation inhibiting layer comprises depositing a 
material having a thickness of about 200 Angstroms or less. 

7. The method according to claim 1, further comprising 
disposing a cap layer over the crystalliZation inhibiting 
layer. 

8. The method according to claim 7, Wherein disposing 
the cap layer comprises disposing Ta, TaN, Ti, TiN, or 
combinations thereof. 

9. The method according to claim 1, further comprising: 

depositing a pinning layer over the Workpiece, before 
depositing the ?rst magnetic material layer. 

10. The method according to claim 9, Wherein depositing 
the pinning layer comprises depositing a bottom electrode 
material, and depositing an antiferromagnetic material over 
the bottom electrode material. 

11. The method according to claim 1, further comprising 
depositing a top electrode material over the crystalliZation 
inhibiting layer. 

12. The method according to claim 11, Wherein depositing 
the top electrode material comprises depositing a conductive 
hard mask over the crystalliZation inhibiting layer, further 
comprising using the conductive hard mask as a mask to 
pattern the crystalliZation inhibiting layer and at least the 
second magnetic material layer. 

13. The method according to claim 1, Wherein depositing 
the ?rst magnetic material layer or depositing the second 
magnetic material layer comprise forming a ?rst magnetic 
layer, forming a non-magnetic spacer layer over the ?rst 
magnetic layer, and forming a second magnetic layer over 
the non-magnetic spacer layer. 

14. The method according to claim 1, further comprising 
patterning the magnetic stack to form at least one resistive 
memory element. 

15. The method according to claim 14, Wherein patterning 
the magnetic stack comprises forming a plurality of mag 
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netic random access memory (MRAM) cells, Wherein the 
MRAM cells comprise a PET MRAM array or a crosspoint 
MRAM array. 

16. A magnetic stack of a resistive memory device, 
comprising: 

a ?rst magnetic material layer; 

a tunnel insulator disposed over the ?rst magnetic mate 
rial layer; 

a second magnetic material layer disposed over the tunnel 
insulator; and 

a crystalliZation inhibiting layer disposed over the second 
magnetic material layer, 

Wherein the crystalliZation inhibiting layer comprises a 
material selected from the group consisting of: 1) 
materials of the form MSiN, Wherein M is a metal; 2) 
TaCo; 3) TiPN2; 4) W85Si15; 5) IrTa; and 6) TaRu. 

17. The magnetic stack according to claim 16, Wherein the 
crystalliZation inhibiting layer comprises a material of the 
form MSiN, Where M comprises Ta, Ti, M0, or W. 

18. The magnetic stack according to claim 16, Wherein the 
crystalliZation inhibiting layer comprises a material that 
crystalliZes at a temperature of about 400 to 450 degrees C. 
or greater. 

19. The method according to claim 16, Wherein the 
crystalliZation inhibiting layer crystalliZes at a ?rst tempera 
ture, Wherein the second magnetic material layer crystalliZes 
at a second temperature, Wherein the ?rst temperature is 
higher than the second temperature. 

20. The magnetic stack according to claim 16, Wherein the 
crystalliZation inhibiting layer comprises an amorphous 
material. 

21. The magnetic stack according to claim 16, Wherein the 
crystalliZation inhibiting layer comprises a material having 
a thickness of about 200 Angstroms or less. 
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22. The magnetic stack according to claim 16, further 
comprising a cap layer disposed over the crystalliZation 
inhibiting layer. 

23. The magnetic stack according to claim 22, Wherein the 
cap layer comprises Ta, TaN, Ti, TiN, or combinations 
thereof. 

24. The magnetic stack according to claim 16, further 
comprising a pinning layer disposed beneath the ?rst mag 
netic material layer. 

25. The magnetic stack according to claim 24, Wherein the 
pinning layer comprises a bottom electrode material, and an 
antiferromagnetic material disposed over the bottom elec 
trode material. 

26. The magnetic stack according to claim 16, further 
comprising a top electrode material disposed over the crys 
talliZation inhibiting layer. 

27. The magnetic stack according to claim 16, Wherein the 
?rst magnetic material layer or the second magnetic material 
layer comprise a ?rst magnetic layer, a non-magnetic spacer 
layer disposed over the ?rst magnetic layer, and a second 
magnetic layer disposed over the non-magnetic spacer layer. 

28. A resistive memory element formed from the mag 
netic stack of claim 16. 

29. An array of resistive memory elements formed from 
the magnetic stack of claim 16. 

30. The array according to claim 29, Wherein the array of 
resistive memory elements comprises a plurality of magnetic 
random access memory (MRAM) cells, Wherein the plural 
ity of MRAM cells comprise a PET MRAM array or a 
crosspoint MRAM array. 


