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MEMORY SYSTEMI HAVING THERMALLY 
STABLE PERPENDICULAR MAGNETO 

TUNNEL JUNCTION (MTJ) AND A METHOD 
OF MANUFACTURING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 61/483.314 and is a continuation of U.S. 
patent application Ser. No. 12/965,733, which is a continua 
tion-in-part of previously-filed U.S. patent application Ser. 
No. 12/965,733 filed on Dec. 10, 2010, by Zhou et al., and 
entitled “Enhanced Magnetic Stiffness and Method of Mak 
ing Same'. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to a memory 
system having spin transfer torque (STT) Switched magneto 
tunnel junctions (MTJs) and more particularly, a method to 
reduce the effective damping of magnetic layer and increase 
tunneling magneto-resistive ratio (TMR), and a method and 
apparatus for improving the perpendicular anisotropy and 
thermal stability of the low switching current perpendicular 
magneto tunnel junctions (pMTJs). 
0004 2. Description of the Prior Art 
0005 Spin transfer torque magnetic random access 
memory (STTMRAM) is the next generation of non-volatile 
memory currently under development. Such a memory typi 
cally includes magneto (sometimes referred to as “mag 
netic') tunnel junction (MTJ) based memory array with 
selection device, along with decoders, amplifier and other 
peripheral circuits. MTJ is considered as a building block for 
STT MRAM. A MTJ typically composed of two ferromag 
netic layers separated by a thin insulating tunneling barrier. 
MTJ exhibits a low (high) resistance state when the magne 
tization orientation of the two ferromagnetic layers in Sub 
stantially parallel (anti-parallel) direction. In STT-MRAM, 
these low and high resistance states (corresponding to “0” and 
“1” digital state) are realized by applying a bi-directional 
electric current across MTJ during programming, in contrast 
to conventional MRAM where these low and high resistance 
magnetic states (bits) are programmed by using a current 
generated external magnetic field. 
0006 STTMRAM has significant advantages over mag 
netic-field-written MRAM, which has been recently com 
mercialized. The main hurdles associated with field 
switched-MRAM are its more complex cell architecture with 
high write current currently in the order of milliamps (mA) 
and poor scalability (limited to 65 nm process node) attrib 
uted to its inherent field write scheme used in these devices. 
The current generated fields needed to write the bits increase 
rapidly as the size of the MTJ elements shrink. STT writing 
technology, by direct passing a current through the MT.J. 
thereby overcomes the foregoing hurdles and results in much 
lower Switching current in the order of microamps (LLA). 
simpler cell architecture with a smaller cell size (for single-bit 
cells) and reduced manufacturing cost, and more importantly, 
improved scalability. 
0007. One of the challenges for implementing STT is a 
substantial reduction of the intrinsic current density to switch 
the magnetization of the free layer while maintaining high 
thermal stability, which is required for long-term data reten 
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tion. Minimal Switching (write) current is required mainly for 
reducing the size of access transistor of the memory cell, 
which is typically connected in series with MTJ, because the 
channel width of the transistor is proportional to the drive 
current of the transistor. It is understood that the smaller the 
STT current, the smaller the transistor size, leading to a 
Smaller memory cell size. A smaller current also leads to 
smaller voltage across MTJ, which decreases the probability 
of tunneling barrier degradation and breakdown, ensuring a 
high write endurance of the MTJ cell. This is particularly 
important for STTMRAM, because current is driven through 
MTJ cells during both read and write operations. 
0008. One of the efficient ways to reduce the programming 
current in STTMRAM while maintaining high magnetic ther 
mal stability is to use a MTJ with perpendicular anisotropy. 
Incorporation of conventional perpendicular anisotropy 
materials, such as FePt, into STTMRAM causes a high damp 
ing constant leading to undesirably high Switching current 
density. Furthermore, during manufacturing, conventional 
higher ordering transformation temperature required for 
forming L10 order structure could degrade the tunneling 
magneto-resistance (TMR) performance and make MTJ 
deposition process more demanding and complicated (Such 
as elevated substrate temperatures during MTJ film deposi 
tion) 
0009 What is needed is a STTMRAM element having a 
MTJ with perpendicular magnetic anisotropy material(s) 
with a simple film manufacturing process, preferably, at room 
Substrate temperature and an optimal combination of satura 
tion magnetization (Ms) and anisotropy constant (Ku) to 
lower the damping constant of the MTJ yielding a lower STT 
Switching current density while maintaining high thermal 
stability and high TMR performance. 

SUMMARY OF THE INVENTION 

0010 Briefly, a spin toque transfer magnetic random 
access memory (STTMRAM) element and a method of 
manufacturing the same is disclosed where the STTMRAM 
element is employed to store a state based on the magnetic 
orientation of a free layer, and made of a first perpendicular 
free layer (PFL) including a first perpendicular enhancement 
layer (PEL). The first PFL is formed on top of a seed layer. 
The STTMRAM element further includes a barrier layer 
formed on top of the first PFL and a second perpendicular 
reference layer (PRL) that has a second PEL, the second PRL 
is formed ontop of the barrier layer. The STTMRAM element 
further includes a capping layer that is formed on top of the 
Second PRL. 
0011 Additionally, this invention describes a method to 
reduce damping and increase stiffness in the magnetic layers 
of STTMRAM and simultaneously achieving higher TMR. 
which is applicable to both in-plane MTJs and pMTJs. 
0012. These and other objects and advantages of the 
present invention will no doubt become apparent to those 
skilled in the art after having read the following detailed 
description of the various embodiments illustrated in the sev 
eral figures of the drawing. 

IN THE DRAWINGS 

0013 FIG. 1 shows the process of enhancing the top mag 
netic layer of a STTMRAM 100, using a method of the 
present invention. 
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0014 FIG. 2 shows a spin-torque transfer magnetic ran 
dom access memory (STTMRAM) element 9, in accordance 
with an embodiment of the present invention. 
0015 FIG.3 shows the STTMRAM element 29, in accor 
dance with another embodiment of the present invention. 
0016 FIG. 4 shows a STTMRAM element 119, in accor 
dance with another embodiment of the present invention. 
0017 FIG. 5 shows a STTMRAM element 150, in accor 
dance with yet another embodiment of the present invention. 
0018 FIG. 6 shows a STTMRAM element 200, in accor 
dance with another embodiment of the present invention. 
FIG. 7 shows a STTMRAM element 300, in accordance with 
yet another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0019. In the following description of the embodiments, 
reference is made to the accompanying drawings that form a 
parthereof, and in which is shown by way of illustration of the 
specific embodiments in which the invention may be prac 
ticed. It is to be understood that other embodiments may be 
utilized because structural changes may be made without 
departing from the scope of the present invention. It should be 
noted that the figures discussed herein are not drawn to Scale 
and thicknesses of lines are not indicative of actual sizes. 
0020 FIG. 1 shows relevant layers of a STTMRAM ele 
ment 100, in accordance with an embodiment of the inven 
tion. The element 100 is also referred to herein as a STTM 
RAMMTJ film stack. The element 100 is shown to include a 
bottom magnetic layer (BML)102 formed below the layer 26 
and an interface magnetic layer (IML) 104 formed on top of 
the layer 26. The following process is performed when mak 
ing the element 100. The layer 26 and the layer 104 collec 
tively comprise at least part of the MTJ of the element 100. 
0021. Upon depositing the layer 104 on top of the layer 26, 
which includes deposition of a top surface layer 1041 which 
is part of layer 104, the temperature (also referred to hereinas 
“first temperature') being applied to the element 100 is 
increased followed by annealing at 110, preferably in-situ 
within the same deposition system without breaking the 
vacuum to avoid oxidization and contamination of the top 
surface layer of 104. Still at 110, in FIG. 1, the temperature 
being applied to the element 100 is reduced (the reduced 
temperature is also referred to herein as the “second tempera 
ture') and the remaining layers, i.e. top layer 106, are depos 
ited on top of the layer 104. After depositing the layer 106, 
optionally, a second annealing process is performed at a tem 
perature that is higher than the second temperature. 
0022. Each of the layers 102 and 104 can have an in-plane 
or a perpendicular magnetization relative to the film plane. In 
Some embodiments, the layer 106 is made of magnetic mate 
rial, in other embodiments, it is made of non-magnetic mate 
rial and in still other embodiments, it is interlaced with mag 
netic and non-magnetic materials. In some embodiments, the 
layer 104 is composed of a multilayer structure with magnetic 
layer and non-magnetic layer where at least one of these 
magnetic layers interfaces with the layer 26. In some embodi 
ments, the layer 104 is composed of a multilayer structure 
with magnetic layer and non-magnetic layer where at least 
one of these non-magnetic layers forms the top surface of 
layer 106, which can be any combination of, but not limited 
to, Ta, Pd, Ru, Mg, O, Hf, Tb, Pt, Ti, Cu, or Hf. In some 
embodiments, the layer 104 is made of a multilayer structure 
including at least one magnetic layer and at least one non 
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magnetic layer where at least one of these magnetic layers 
forms the top surface of the layer 106, and made of any 
combination, but not limited to, the following materials: Co. 
Fe, B, Ni, Ta, Pd, Ru, Mg, O, Tb, Pt, Ti, Cu, Zr, Mn, Ir, or Hf. 
0023 The layer 102, in some embodiments, is made of 
underlying magnetic or non-magnetic layers that are not 
shown in FIG.1. In some embodiment, the layer 104 and the 
layer 102 each have boron content, and either one or both are 
made of a single composition magnetic layer or have a mul 
tilayer structure with each layer of the multi-layer having a 
distinct boron content, ranging from 0-90% of the composi 
tion of the layer 104. In some embodiments, the layers 102 
and 104 are each composed of boron (B) with any combina 
tion of the following materials: Co, Fe, Ta, Ti, Ni, Cr, Pt, Pd, 
Tb, Zn, O, Cu or Zr. 
0024 FIG. 2 shows a spin-transfer torque magnetic ran 
dom access memory (STTMRAM) element 9, in accordance 
with an embodiment of the present invention. The element 9 
is shown to include a seed layer 15 shown formed on top of a 
substrate 13 and a perpendicular free layer (PFL) 17 formed 
on top of the seed layer 15 and a barrier layer 19 formed on top 
of the PFL 17 and a perpendicular reference layer (PRL) 21 
formed on top of the barrier layer 19 and a capping layer 23 
formed on top of the PRL 21. As will become evident shortly, 
the PFL 17 and the PRL 21 each include at least a perpen 
dicular enhancement layer (PEL) for improving the perpen 
dicular anisotropy of the PRL 21 and the PFL 17. 
(0025. The PRL 21 is analogous to the layer 104 combined 
with layer 106 of FIG. 1, where PEL of layer PFL 17 is 
analogous to the top surface layer 1041 of FIG. 1 
0026 Exemplary material of which the seed layer 15 is 
made are: tantalum (Ta), titanium (Ti), chromium (Cr), ruthe 
nium (Ru), nickel chromium (NiCr), titanium chromium 
(TiCr), or MgO. In some of the embodiments where the layer 
15 is made of ruthenium (Ru), layer 15 has a thickness of 1 nm 
to 10 nm. In some of the embodiments where the layer 15 is 
made of MgO, layer 15 has a thickness of 0.3 nm to 0.7 nm. 
Exemplary stack of the PFL 17 is composed of perpendicular 
ferromagnetic layers and PEL. Exemplary materials of which 
the PEL is made are tantalum (Ta), titanium (Ti), hafnium 
(Hf), niobium (Nb), vanadium (V), yttrium (Y), rhenium 
(Re), tungsten (W), chromium (Cr), molybdenum (Mo), and 
ruthenium (Ru). It is well known that the barrier layer 19 is 
typically made of magnesium oxide (MgO) or aluminum 
oxide (Al2O). The PRL 21, in some embodiments, is a syn 
thetic anti-ferromagnetic (SAF) pinned layer, composed of 
two antiferromagtically coupled perpendicular ferromag 
netic layers separated by a non-magnetic exchange coupling 
layer. The capping layer 23 is made of Ta, Ru, Hf, Ti, or MgO 
in some embodiments of the present invention. 
(0027. The element 9 has atop structure defined by the PRL 
21 being above the PFL 17. That is, the PRL 21 is essentially 
the “reference layer” (also referred to as the “pinned layer” or 
“fixed layer') with a fixed magnetic orientation perpendicular 
to the film plane and the PFL 17 is essentially the “free layer” 
(also referred to as the “switching layer') with a switchable 
perpendicular magnetic orientation that Switches relative to 
the magnetic orientation of the PRL 21. A bottom structure 
configuration of the element 9 would have the PFL 17 formed 
above the PRL 21 (as showed in FIG. 10). 
(0028. As noted by the direction of the arrows in the PFL 17 
and the PRL 21, the anisotropy of each of the PFL 17 and PRL 
21 is perpendicular to the plane of the substrate 13. 
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0029 Largely due to presence of the PFL 17 with PEL, the 
element 9 advantageously exhibits an improved perpendicu 
lar anisotropy. 
0030 FIG.3 shows the STTMRAM element 29, in accor 
dance with another embodiment of the present invention. The 
element 29 is shown to include a substrate 11 on top of which 
is shown formed a seed layer 25 on top of which is shown 
formed a free sub-layer 27 on top of which is shown formed 
a perpendicular enhancement layer (PEL)7 on top of which is 
shown formed a free sub-layer 31 on top of which is shown 
formed a spin polarization enhanced (interface) layer (SPEL) 
33 on top of which is shown formed a barrier layer 35 on top 
of which is shown formed SPEL 37 on top of which is shown 
formed a pinned sub-layer 39 on top of which is shown 
formed a PEL 41 on top of which is shown formed a synthetic 
anti-ferromagnetic (SAF) sub-layer 43 on top of which is 
shown formed an exchange coupling layer 45 on top of which 
is shown formed a SAF sub-layer 47 on top of which is shown 
formed a capping layer 49. The PEL layers 7 and 41 enhance 
magnetic coupling between perpendicular ferromagnetic lay 
ers in the PFL 51 and PRL 53, through direct magnetic cou 
pling, or/and magneto static coupling or/and interlayer 
exchange coupling. The enhanced coupling can be also attrib 
uted in some embodiments to improved crystalline structures 
of the PFL51 and PRL 53 due to the presence of PEL layers 
7 and/or 41. In some embodiments, the PEL 7 and 41 have a 
thickness of 2 to 10 Angstroms. 
0031. The substrate 11 is analogous to the substrate 13 and 
the layer 49 is analogous to the layer 23 of the element 9. In 
some embodiments, the layer 25 is made of Ta, Ti, Pt, Pd, 
TiCr, NiCr, Ru, or MgO. In some of the embodiments where 
the layer 25 is made of ruthenium (Ru), layer 25 has a thick 
ness of 1 nm to 10 nm. In some of the embodiments where the 
layer 25 is made of MgO and has a thickness of 0.3 nm to 0.7 
nm. The free sub-layer 27 is made of the alloy cobolt-iron 
boron (CoFeB) with the atomic percentage of the iron is 
greater than 20%. In some embodiments, the sub-layer 31 is 
made of the alloy cobolt iron boron (CoFeB) with the atomic 
percentage of Fe being greater than 40% and boron being 
within a range of 20 to 30 atomic percent. The layer 35 is 
analogous to the layer 19. 
0032. In some embodiments, the layer 25 is 10-100 Ang 
stroms in thickness. 
0033. The free sub-layers 27 and 31 and the PFL layer 7 
and the SPEL33 collectively comprise the free layer PFL51 
and the SPEL 37, pinned sub-layer 39, PEL 41, SAF sub 
layer 43, layer 45, and the SAF sub-layer 47 comprise the 
synthetic antiferromagnetic perpendicular reference layer 
(SAF PRL) 53, also commonly referred to as “synthetic ref 
erence layer” (SRL) 53, which remains fixed in its magnetic 
orientation after manufacturing of the element 29 whereas the 
free layer 51 switches its magnetic orientation relative to the 
magnetic orientation of the SPL 53 when the element 29 is 
used as a storage element. 
0034. It is noted that the layer 35 is commonly referred to 
as the “tunnel layer” or “tunneling layer and the layer 49 is 
commonly referred to as the “cap layer. The layer 51, the 
layer 35 and the SAF PRL 53 collectively comprise the MTJ 
of the element 29. 
0035. The function of each of the SPEL 33 and 37 is to 
enhance the tunneling magneto-resistance (TMR) of the MTJ 
through proper crystal structure orientation bcc (001) 
matching during the magnetic annealing process and higher 
spin polarization. 
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0036. The function of the layer 35 is to act as spin-filter 
layer for preserving the spin generated by neighboring layers 
for the spin tunneling of the MTJ which is important in 
achieving high TMR. More specifically, the layer 35 selec 
tively filters the spin states of the polarized conduction elec 
trons as they travel through the SPL53 to the freelayer 51 and 
vice versa. A detailed description of this can be found in the 
published paper, “Theory of Tunneling Magnetoresistance 
For Epitaxial Systems by W. H. Butler, X. G. Zhang, S. 
Vutukuri, M. Chchiev and T. C. Schulthess, IEEE Trans Mag. 
vol. 41, No. 10, October 2005. 
0037. The function of each of the free layer 51 is to switch 
between magnetic orientations (states) when current is 
applied to the element 29 thereby storing a state. The design 
and the material of choice used for making the free layer 
determines, at least in part, the device reliability, more spe 
cifically the thermal stability. The presence of the PEL 41 
improves the perpendicular anisotropy of the SPL 53 of the 
element 29. The PEL 41 help the perpendicular coupling 
between SAF sub layers 43 and pinned sub layer 39 by direct 
magnetic coupling, or/and magneto static coupling or/and 
interlayer exchange coupling. The enhanced coupling can be 
also attributed in some embodiments to improved crystalline 
structures of the PFL 51 and PRL 53 due to the presence of 
PEL layers 27 and 41. 
0038. It is noted that the SAF sub-layer 43 and the SAF 
Sub-layer 47 are anti-ferromagnetically coupled. 
0039. Theanisotropy of the freelayer 51 and the SAF PRL 
53 is generally and substantially perpendicular to the plane of 
the substrate 11. In operation, current is applied to the element 
29, in a direction going either from the substrate 11 to the 
layer 49 or from the layer 49 to the substrate 11. 
0040. In some embodiments, the SPEL 37 is made of the 
alloy CoFe with the atomic percentage of Fe being greater 
than 80% and the pinned sub-layer 39 is made of CoFeB with 
Fe having an atomic percentage of greater than 40 and B 
having an atomic percentage between 20 and 30, including 20 
and 30. In some embodiments, the sub-layer 43 is made of a 
cobolt (Co) and/or chrome (Cr) based alloy, such as CoCrPt, 
CoCrTa, CoCrPd, CoTi, CoNiSm, CoCrTi, CoCrZr, CoCrAl, 
CoCrSi, CoSm, CoCrPt:SiOx, CoCrPd:SiOx where SiOx can 
be replaced with any one of the following material: TiOx, 
ZrOx and CrOx. The sub-layer 47 is made of the same mate 
rial as that of the sub-layer 43. In some embodiments, the 
layer 45 is made of ruthenium (Ru), iridium (Ir), or copper 
(Cu). 
0041. The sub-layer 43 with strong perpendicular anisot 
ropy can be deposited on other layers in a vacuum system by 
physical sputtering technique at a room-temperature Sub 
Strate. 

0042. As shown by the arrows of FIG. 3, the direction of 
magnetization of the freelayer 51 switches to store a different 
state, when the element 29 is in operation, but the direction of 
magnetization of the SPL 53 must remain fixed although the 
arrows therein show two opposite directions, one direction 
shown in the SPEL37, sub-layer39, PEL 41 and sub-layer 43 
and an opposite direction shown in the layer 47. This so called 
anti-ferromagnetic coupling configuration is realized by 
interlayer exchange coupling through the thin layer 45. Due 
to the opposite magnetization of these layers, the overall 
dipole magnetic fields from these two oppositely aligned 
magnetizations in the SPL 53 on the PFL 51 is substantially 
cancelled, enabling low power and symmetric current Switch 
ing of PFL when the element 29 is in write operation. 
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0043. In some embodiments of element 29, the free sub 
layer 27 is formed on top of the seed layer 25 and underneath 
the PEL 7 and is made of a cobolt-chrome (CoCr)-based alloy, 
such as CoCrPt, CoCrTa, CoCrPd, CoTi, CoNiSm, CoCrTi, 
CoCrZr, CoCrAl, CoCrSi, CoSm, CoCrPt:SiOx, CoCrPd: 
SiOx where SiOx can be replaced with any one of the follow 
ing material: TiOX, ZrOX and CrOx. The cobolt-chrome 
(CoCr)-based alloy of the free sub-layer 27 enhances the 
thermal reliability of the element 29. 
0044) The layers sub-layer 27, PEL 7, sub-layer 31 and 
SPEL33 collectively form the freelayer 51 of the element 29 
and the SPEL37, pinned sub-layer39, PEL 41, sub-layer 43, 
layer 45 and sub-layer 47 collectively form the SAF PRL 53 
of the element 29. Accordingly, the free layer 51, layer 35 and 
SAF PRL 53 form the MTJ of the element 29. 
004.5 FIG. 4 shows a STTMRAM element 119, in accor 
dance with another embodiment of the present invention. The 
element 119 is analogous to the element 29 except that the 
muti-layer 95, of the element 119, replaces the layer 27 of the 
element 29, otherwise, all other layers of the element 119 are 
analogous to corresponding layers of the element 29. 
0046. The multi-layer 95 is a part of the layers of the free 
layer 129 of the element 119 in addition to the PEL 97, the 
free sub-layer 99 and the SPEL 101. The SAF PRL 131 of the 
element 119 is comprised of the SPEL 105, the sub-layer 107, 
the PEL 109, the SAF sub-layer 111, the exchange coupling 
layer 113 and the SAF sub-layer 115. 
0047. In some embodiments, the multi-layer 95 is made of 
one or more bilayers, with each bilayer 126 comprised of a 
conducting ferromagnetic layer 122 and a non-magnetic con 
ducting layer 124. In some embodiments, the layer 122 is 
formed on top of the layer 124, in some embodiments, and the 
layer 124 is formed on top of the layer 122. The multi-layer 95 
finished by the conducting magnetic layer 122 adjacent to the 
PEL layer 98. The ‘n’ number of bilayers 126 comprises the 
layer 96 with n being an integer value plus an additional 122 
layer on the top. In some embodiments, n is equal to a 
number within the range of two to twenty. 
0048. In some embodiments, the layer 122 has a thickness 
within the range of 2 to 8 angstroms and the layer 124 has a 
thickness within the range of 2 to 20 angstroms. 
0049. In some embodiments, the layer 122 is made of one 
or of the following materials: Co, Fe, Ni or their alloys, or 
CoFeXY with X and Y being made of boron (B), vanadium 
(V), chromium (Cr), tantalum (Ta) or niobium (Nb). 
0050. In some embodiments, the layer 124 is made of 
palladium (Pd) or platinum (Pt). Co/Pt and Co/Pd based per 
pendicular multilayers have advantages; it is easy to control 
its saturation magnetization M and perpendicular anisotropy 
H by adjusting bilayer number “n” and individual 122 and 
124 layer thicknesses. Multilayers also have high corrosion 
resistance in the MTJ integration process. In addition, multi 
layers are comparatively easy to realize high perpendicular 
magnetic anisotropy at room temperature Substrate in sput 
tering process, yet show high magnetic thermal stability. 
0051 FIG. 5 shows a STTMRAM element 150, in accor 
dance with yet another embodiment of the present invention. 
The element 150 is analogous to the element 90 except that it 
has a multi-layer 174 replacing the layer 116 of the element 
90. The multi-layer 174 is made of the same material and has 
the same structure as the layer 96. The layer 154 of the 
element 150 is also made of the same material as the layer 96 
of the element 90 and is analogous to the layer96. The layers 
154 and 174 are each therefore made of n number of bilayers 
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182 plus a Co layer on the top, with each bilayer 182 being 
comprised of a conducting ferromagnetic layer 184, analo 
gous to the layer 122, and a non-magnetic conducting layer 
186, analogous to the layer 124. 
0052. The multi-layer 154, PEL 156, free sub-layer 158 
and SPEL 160 collectively comprise the free layer 178 and 
the SPEL 164, the pinned sub-layer 168, the PEL 168, the 
SAF sub layer 170, the exchange coupling layer 172 and the 
multi-layer 174 collectively comprise the SAF PRL layer 180 
with the layers 178, 162 and 180 forming the MTJ of the 
element 150. 

0053 FIG. 6 shows a STTMRAM element 200, in accor 
dance with another embodiment of the present invention. The 
element 200 is analogous to the element 29 of FIG. 2 except 
that a thin insertion layer 222 is formed between the SAF 
Sub-layer 220 and the exchange coupling layer 224 and 
another thin insertion layer 226 is formed between the 
exchange coupling layer 224 and the SAF sub-layer 228 and 
an anti-ferromagnetic (AFM) layer 230 is formed between 
the SAF sub-layer 228 and the capping layer 232. The SPEL 
214, pinned sub-layer 216, layer 218, sub-layer 220, layer 
222, layer 224, layer 226, SAF sub-layer 228 and layer 230 
collectively form the synthetic pinned (or “reference') layer 
of the element 200. 

0054 The insertion layers 222 and 226, in some embodi 
ments, are each made of cobalt and serve to enhance the 
RKKY coupling of the exchange coupling layer 224. The 
AFM layer 230 serves to enhance the pinning strength of the 
SAF PRL layer 236. The free sub-layer 204, the PEL 206, the 
free sub-layer 208 and the SPEL 210 collectively comprise 
the freelayer of the element 200 and the SPEL 214, the pinned 
sub-layer 216, the PEL 218, the sub-layer 220, the layer 222, 
the exchange coupling layer 224, the layer 226, the Sub-layer 
228 and the AFM layer 230 comprise the SAF PRL 236. 
0055. In some embodiments, the layer 230 is made of one 
of the following materials: PtMn, FeMinor IrMn and each of 
the layers 222 and 226 is made of Co or Co rich alloys, such 
as CoFe. 

0056. It is understood that the embodiments of FIGS. 6-9 
are top structures but in other embodiments, bottom struc 
tures of the same embodiments are contemplated where the 
freelayer is formed above the SAF PRL, such as that PRL306 
shown in FIG. 10. 

0057 FIG. 7 shows a STTMRAM element 300, in accor 
dance with another embodiment of the present invention. The 
element 300 is shown to include a substrate 302, seed layer 
304, PRL 316, barrier layer 308, PFL 310 and capping layer 
312. The seed layer 304 is shown formed on top of the sub 
strate 302, the PRL 306 is shown formed on top of the seed 
layer 304, the barrier layer 308 is shown formed on top of the 
PFL 310, the PRL 306 is shown formed on top of the barrier 
layer 308 and the capping layer 312 is shown formed on top of 
the PFL 310. The element 300 is analogous to the element 10 
except that it is a bottom structure in that the PRL is shown 
formed below the PFL 310. The PFL 310 is analogous to the 
PFL 16 and the PRL 306 is analogous to the PRL 20. The 
arrow 316 shows the direction of magnetization of the PRL 
306 and the arrow 314 shows the alterable direction of mag 
netization of the PFL 310. 

0.058 Although the present invention has been described 
in terms of specific embodiment, it is anticipated that alter 
ations and modifications thereof will no doubt become appar 
ent to those more skilled in the art. It is therefore intended that 
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the following claims be interpreted as covering all Such alter 
ations and modification as fall within the true spirit and scope 
of the invention. 

What is claimed is: 
1. A spin-torque transfer magnetic random access memory 

(STTMRAM) element employed to store a state based on the 
magnetic orientation of a free layer thereof comprising: 

a first perpendicular free layer (PFL) including a first per 
pendicular enhancement layer (PEL), the first PFL 
formed on top of a seed layer, 

a barrier layer formed on top of the first PFL: 
a second perpendicular reference layer (PRL) including a 

second PEL, the second PRL formed on top of the bar 
rier layer, and 

a capping layer formed on top of the second PRL. 
2. The STTMRAM element, as recited in claim 1, wherein 

the first PFL is made of perpendicular ferromagnetic layers. 
3. The STTMRAM element, as recited in claim 1, wherein 

the first PEL is made of tantalum (Ta), titanium (Ti), hafnium 
(Hf), niobium (Nb), vanadium (V), yttrium (Y), rhenium 
(Re), tungsten (W), chromium (Cr), molybdenum (Mo), or 
ruthenium (Ru). 

4. The STTMRAM element, as recited in claim 1, wherein 
the second PEL is made of tantalum (Ta), titanium (Ti), 
hafnium (Hf), niobium (Nb), vanadium (V), yttrium (Y), 
rhenium (Re), tungsten (W), chromium (Cr), molybdenum 
(Mo), or ruthenium (Ru). 

5. The STTMRAM element, as recited in claim 1, wherein 
the barrier layer is made of magnesium oxide (MgO) or 
aluminum oxide (Al2O). 

6. The STTMRAM element, as recited in claim 1, wherein 
the second PRL is a synthetic anti-ferromagnetic (SAF) 
pinned layer, composed of two antiferromagtically coupled 
perpendicular ferromagnetic layers separated by a non-mag 
netic exchange coupling layer. 

7. The STTMRAM element, as recited in claim 1, wherein 
the capping layer is made of Ta, Ru, Hf, Ti, or MgO. 

8. The STTMRAM element, as recited in claim 1, wherein 
the first PRL further includes a first free sub-layer formed on 
top of the seed layer and a second free sub-layer formed on 
top of the first PEL, the first PEL being formed on top of the 
first free sub-layer, the first PRL further including a first spin 
polarization enhanced (interface) layer (SPEL), formed on 
top of the second free sub-layer on top of which is formed the 
barrier layer. 

9. The STTMRAM element, as recited in claim 8, wherein 
the second PRL further includes a second spin polarization 
enhanced (interface) layer (SPEL), formed on top of the bar 
rier layer, a pinned Sub-layer formed on top of the second 
SPEL and below the second PEL, a first synthetic antiferro 
magnetic (SAF) sub-layer formed on top of the second PEL, 
an exchange coupling layer formed on top of the second PEL, 
and a second SAF Sub-layer formed on top of the exchange 
coupling layer and below the capping layer. 

10. The STTMRAM element, as recited in claim 1, 
wherein the seed layer is made of Ta, Ti, Pt, Pd, TiCr, NiCr, 
Ru, or MgO. 

11. The STTMRAM element, as recited in claim 10, fur 
ther wherein where the seed layer is made of Ru, the seed 
layer has a thickness of 1 nm to 10 nm. 
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12. The STTMRAM element, as recited in claim 10, fur 
ther wherein where the seed layer is made of MgO, the seed 
layer has a thickness of 0.3 nm to 0.7 nm. 

13. The STTMRAM element, as recited in claim 9, the first 
free sub-layer is made of the alloy cobolt-iron-boron 
(CoFeB). 

14. The STTMRAM element, as recited in claim 13, the 
atomic percentage of the iron in the CoFeBalloy of the first 
free sub-layer is greater than 20%. 

15. The STTMRAM element, as recited in claim 9, 
wherein the second free sub-layer made of the alloy cobolt 
iron boron (CoFeB) with the atomic percentage of Fe being 
greater than 40% and boron being within a range of 20 to 30 
atomic percent. 

16. The STTMRAM element, as recited in claim 1, 
wherein the first PRL further includes a multilayer formed on 
top of the seed layer and a free sub-layer formed on top of the 
first PEL, the first PEL being formed on top of the multilayer, 
the first PRL further including a first spin polarization 
enhanced (interface) layer (SPEL), formed on top of the free 
sub-layer on top of which is formed the barrier layer. 

17. The STTMRAM element, as recited in claim 16, 
wherein the second PRL further includes a second spin polar 
ization enhanced (interface) layer (SPEL), formed on top of 
the barrier layer, a pinned sub-layer formed on top of the 
second SPEL and below the second PEL, a first synthetic 
antiferromagnetic (SAF) sub-layer formed on top of the sec 
ond PEL, an exchange coupling layer formed on top of the 
second PEL, and a second SAF sub-layerformed on top of the 
exchange coupling layer and below the capping layer. 

18. The STTMRAM element, as recited in claim 16, 
wherein the multilayer is made of at least one combination of 
a conducting ferromagnetic layer and a non-magnetic con 
ducting layer. 

19. The STTMRAM element, as recited in claim 1, 
wherein the first PRL further includes a first multilayer 
formed on top of the seed layer and a free sub-layer formed on 
top of the first PEL, the first PEL being formed on top of the 
multilayer, the first PRL further including a first spin polar 
ization enhanced (interface) layer (SPEL), formed on top of 
the free sub-layer on top of which is formed the barrier layer 
and further wherein the second PRL further includes a second 
spin polarization enhanced (interface) layer (SPEL), formed 
on top of the barrier layer, a pinned sub-layer formed on top 
of the second SPEL and below the second PEL, a ferromag 
netic (FM) layer formed on top of the second PEL, an 
exchange coupling layer formed on top of the FM layer, and 
a second multilayer formed on top of the exchange coupling 
layer and below the capping layer. 

20. The STTMRAM element, as recited in claim 19, 
wherein each of the first and second multilayers is made of at 
least a combination of a first and second layer, the first layer 
being made of cobolt and the second layer being made of 
platinum or palladium. 

21. A method of manufacturing a spin toque transfer mag 
netic random access memory (STTMRAM) magnetic tunnel 
junction film stack comprising: 

a) depositing a magnetic interface layer on top of a barrier 
layer to form a magnetic tunnel junction (MTJ), the 
magnetic interface layer being made partially of boron 
(B): 

b)annealing the STTMRAM magnetic tunneljunction film 
stack at a first temperature after depositing the magnetic 
interface layer; 
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c) cooling down the STTMRAMMTJ film stack to a sec 
ond temperature that is lower than the first temperature: 
and 

d) continuing depositing a top layer on top of the magnetic 
interface layer, wherein the top layer is made of a single 
layer or has a multi-layer structure necessary to make the 
MTJ stack function in STTMRAM, wherein the top 
Surface layer is made of magnetic material. 
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22. A method of manufacturing, as recited in claim 21, 
wherein the said interface layer has a top Surface layer in 
direct contact with the said top layer 

23. A method of manufacturing, as recited in claim 22, 
wherein the top surface layer is made of a material comprising 
any of Co, Fe, B, Ni, Ta, Pd, Ru, Mg, O, Tb, Pt, Ti, Cu, Zr, 
Mn, Ir, or Hf. 


