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Abstract: Recent advances in the fields of Magnetism and Plasma Physics were far more interesting and inspiring in bringingup 
innovative trends in culminating new technologies. Current developments in the realm of highly emerging fileld of Spintronics are 
paving way to ultrasophisticated magnetic RAMs namely Spin Transfer Torque Random Access Memories STT RAMs (or) STT MRAMs. 
Spintronics is a rapidly emerging field of science and technology that will most likely have a significant impact on the future of all 
aspects of electronics as we continue to move into the 21st century. Conventional electronics are based on the charge of the electron. 
Attempts to use the other fundamental property of an electron, its spin, have given rise to a new, rapidly evolving field, known as 
spintronics, an acronym for spin transport electronics . The STT RAMs have evolved with the advantages of low power consmption and 
better scalabi lity over conventional magnetoresistive RAMs, which use the magnetic fields to flip the active elements. This has the 
potential to make possible MRAM devices combinig low current requirements and reduced costs. However the amount of current needed to 
reorient the magnetization is at present too high for most commercial applications and the reduction of this current density alone is the 
basis for this current paper and as well for current research in spintronics.With the advent of Ultracold Plasma temperature technologies, 
which succeeded with great triumph in generating temperatures of the order of nano kelvin (nK), the spin life time or the spin relaxation 
time τ can be increased substantially. A simple model of Spin Transfer Torque for anti-aligned layers can be considered, in which the 
spin polarized current flows out of fixed layer (thick magnetic layer), while if it reaches free layer (thin magnetic layer), the majority of 
the spins relax into lower energy states of opposite spin, applying a torque to the fre layer in the process. Thus very evidently the spin life 
times τ are relatively small in this process. Thus in order to enhance the spin life times, ultracold plasmas willy surely come handy. The 
present paper focuses on the usage of various ulracold plasma techniques like the capacitively coupled plasma (CPP), cascaded arc 
plasma source  and inductively coupled plasma (ICP) in achieving consistent spin life times so as to build much more reliable and as 
well scalable spintronic applications such as MRAMs, Spin transistors (spin FET, MBT, spin LEDs) etc. 
 
 
1.1 Motivation for STT-MRAM 
Currently, three types of memory exist, with each technology 
performing a single task very well: Static RAM (SRAM), 
Dynamic RAM (DRAM), and Flash memory. SRAM has 
excellent read and write speeds, but has a very large cell 
size(requiring 6 or more transistors per cell). The speed of 
SRAM makes it ideallysuited for embedded applications, 
particularly cache memory, where performanceis more 
important than memory density. SRAM is volatile, but 
requires very littleactive power for data retention. DRAM is 
able to provide much better memorydensity through its use 
of a single transistor with a storage capacitor. 
However,charge tends to leak offof the capacitor, requiring a 
power hungry refresh cycleevery few milliseconds. DRAM is 

typically used as the main system memory ina computer, 
where memory density and performance are more important 
than power consumption. Flash memory technologies are 
very attractive for mobileapplications where non-volatility 
and very high densities are required. WhileFlash does have 
reasonably fast read access times, write speeds are very 
slowand endurance rates are very low (<100, 000 cycles). To 
optimize for power,performance, and cost, a typical system 
must integrate all three types of memory. STT-MRAM 
promises to be a “universal memory”, combining all of 
theadvantages of SRAM, DRAM, and Flash. Such a memory 
would eliminate theneed multiple application specic 
memories, improving system performance andreliability, while 
also lowering cost and power consumption. 
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Basic 

Structure of a STT Cell 
 

1.2 Introduction to MRAM and STT 
Technologies 
Magnetoresistive Random Access Memory (MRAM) is a 
technology that has existed in various forms since the late 
1970s. MRAM is based on the concept of using the direction 
of magnetization to store binary information, while exploiting 
magnetoresistive properties for data retrieval. The mid-1990s 
saw a resurgence of interest in MRAM technologies with the 
discovery of room temperature tunneling magnetoresistance 
(TMR) in magnetic tunnel junctions (MTJs).                                 
A magnetic tunnel junction (MTJ) is simply to be understood 
as a pair of ferromagnetic layers                                                                           
(Top layer / electrode – Free Layer & Bottom layer / electrode 
– Pinned layer) separated by a thin insulating layer, which 
acts like a tunnel-barrier. Two possible magnetic states arise, 
the parallel combination of the twolayers (Fig. 1.2(a)) and the 
antiparallel combination (Fig. 1.2(b)). The 
parallelconfiguration leads to a low resistive state (RP), while 
the antiparallel configuration leads to a high resistive state 
(RAP). 
 
 

 

RPRAP  Two possible magnetic switching states 
of STT MRAM 

Spintronics, the amalgamation of the words “spin” and 
“electronics”, involves the active control and manipulation of 
electron spin in solid-state electronics. In traditional 
electronic devices, information processing works on the 
principle of control over the flow of charge through a 
semiconductor material. Large scale, non-volatile memories 
(e.g., hard disk drives or HDDs) exploit ferromagnetism to 
store information by forcing the spin alignment of many 
electrons. Spintronics, as a whole, aims to merge information 
processing and storage through the use of     spin-polarized 
currents. An important adverse effect of GMR (Gaint 
Magnetoresistance):                    Spin-Transfer effect, in which 
magnetization orientations (corresponding to low-high 
resistance states) in magnetic multilayer nanostructures can 
be  manipulated  via  spin  polarized  current was first 
theoretically predicted and demonstrated by J.C.Slonczewski 
and Berger in 1996. This has formed the basis of next 
generation MRAMs. STT-MRAM can scale well below 65nm, 
while reducing writing currents by more than a hundredfold. 
Before STT, writing currents increased exponentially with 
MRAM scaling, causing electromigration and power 
concerns that prevented scaling below 90nm. The nonvolatile 
nature, low power, high performance, and memory density of 
STT-MRAM make it an excellent candidate forthe firrst 
commercially available universal memory. However, the lack 
of an accurate, compact macro-model, incorporating 
temperature and bias voltage effects, is the largest obstacle 
to the design of high performance STT-MRAMs. Without 
such a design tool, it is impossible to verify timing and yield 
or predict device behavior with scaling. Another big 
challenge is the integration of MTJs with CMOS. Although 
the process flow is  in principle fully compatible with CMOS, 
adds extra design and layout constraints.  
 
In literature, Spin-Torque Transfer Random Access Memory 
(STT-RAM) and Spin Random  Access Memory (SPRAM) 
are used interchangeably with STT-MRAM. However, STT-
MRAM is more common and is, therefore, used exclusively in 
this paper. 
1.3 Principle of Operation 
 
Electron spin is a “pseudovector” with  fixed magnitude 
but a variable direction (spin polarization).  The spin 
polarization of an electron can be made bistable by placing it 
in a magnetic field. In the presence of a magnetic field, only 
spin polarizations parallel or antiparallel to the field are 
possible. The effect of spin transfer torque in MTJs can be 
studied with the advent of STT vector, driven by linear 
response voltage, computed from the 
expectation value of the torque operator:  

where  is the gauge-invariant nonequilibrium density 
matrix for the steady-state transport, in the zero-temperature 
limit, in the linear-response regime, and the torque 
operator   is obtained from the time derivative of the spin 
operator: 
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Using the general form of a 1D tight-binding Hamiltonian: 

 

where total magnetization (as macrospin) is along the unit 
vector  

The STT vector in general MTJs has two components: a 
parallel and perpendicular component: 

A parallel component:  

And a perpendicular component:  

While in symmetric MTJs (made of electrodes with the same 
geometry and exchange splitting), the STT vector has only 
one active component, as the perpendicular component 
disappears: 

Therefore, we have    vs.  needs to be plotted at the site 
of the right electrode to characterise tunnelling in symmetric 
MTJs, making them appealing for industrial scale production 
and characterisation. 

1.4The Magnetic Tunnel Junction (MTJ) – 
Characteristics 
 
Resistance Hysteresis, Critical Switcing Current, Temperature 
Dependence,                                           BiasVoltageEffects, Self 
Induced Heating, Backhopping and Noise are the important 
characteristics which feature the operation of a MTJ. The 
greatest hindrance in the design of STT-MRAMs and other 
Spintronic Circuits with metals and metal composites is the 
lack of compact MTJ model, capable of accurately modeling 
temperature and voltage dependencies.Hence in this 
connection, the current paper tries to figureout “ Spin life 
time ”                  or “ Current pulse width ”  as the the 
responsible physical parameter, hindering the performance 
and scalability of STT-MRAMs and other spintronic circuits. 
The manetization dynamics in a MTJ is as follows: 
The precessional motion of magnetization  of the 

free layer of a MTJ, inthe presence of an external magnetic 

field, can be very accurately modeledby the Landau-Lifshitz-

Gilbert equation (LLGE)  

 

 

 

With the introduction of Slonczewski's spin-torquetransfer 
term, the normalized LLGE with STT is given by:  
 

where                             is the absolute value of the 

gyromagnetic ratio is the unit vector in the direction of              

,               is the unit vector in the direction of 

themagnetization of the fixed layeris the current density 

(seeFig),             Is the angle  between     and     and   is the 

material-dependentGilbert damping constant.   The efficiency 

factor of spin-polarization             is defined as: 

 

 

where P is the percentage of electrons polarized inthe    

direction. The switching current density has been modified to 

include thermally-activated switching. For a constant pulse of 

durarion                is given by:  

 

 

where   =    is the thermal stability of the MTJ and                    

is the natural time constant and is the inverse of the attempt 

frequency,  is the anisotropy energy. Furthermore, the 

characteristiccurrent density              is defined as: 

 

 
where e is the absolute value of charge of electron, d  is the 
thickness of the free layer, ge is the Lande’s g factor for 
electrons and  µB is the Bohr magneton. 
 
 
 
 
 
 
 
 
 
 
The effective magnetic field              is given by: 
 
 
Where         is the external applied magnetic field,            is           
the demagnetizationfield, and          Is the manetocrystalline 
anisotropy field. The demagnetization filed (shape 
anisotropy)   
    varies with the geometry of the free layer and is modeled as 
If the free layer is  
assumed to be a very flatt ellipsoid, the factorsof the 
demagnetization tensor N , calculated  
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by Osborn are: 
 
 
 
 
 
 
   
  Where K and E are thr complete elliptic integrals of the first 
and second kind whose argument     is  
 
 
 
The temperature dependencies are given as follows: 
In the dynamic equations, only the magnetization saturation 
(MS) and thespin-polarization  
(P) vary with temperature. For temperatures below the 
Curietemperature (TC), we can use 
 the Weiss theory of ferromagnetism to model: 
 
 
 
Where Ms0is the magnetization saturation at absolute zero 
and β is the material-dependent critical exponent. Similarly the 
temperature dependence of spin-polarization has been 
extensively studied and shown to be: 
     
 
Where P0 is the spin-polarization at absolute zero and is a 
material and geometric dependent constant. 
From the magnetization dynamics of MTJ, it is clear that               

=      the thermal stability of MTJ is a temperature 

dependent parameter, can be altered so as to effect and 

enhance the spin life time τ in metals and metal composites. 

With the advent of applying Ultracold Plasmas, the 

temperature parameter in the denominator of thermal stability 

factor can be brought about to several nano Kelvin (nK), 

thereby which an extensive macroscopic increase in the 

thermal stability of the MTJis visualised, which in turn 

enhances the spin life time τin the logarithmic term in 

switching current density. 

1.5Introduction to Ultracold Plasma & 
characteistic Temperature 
Ultracold plasmas, produced by photoionizing a sample of laser-

cooled and trapped atoms near the ionization limit, have extended 

traditional neutral plasma parameters by many orders of magnitude, 

to electron temperatures below 1 K and ion temperatures in the tens 

of µK to a few Kelvin, and densities of 105 cm-3 to 1010 cm-3. 

These plasmas thus provide a testing ground to study 

basic plasma theory in a clean and simple system with or without a 

magnetic field. Previous studies of ultracold plasmas have primarily 

concentrated on temperature measurements, collective modes and 

expansion dynamics in the absence of magnetic fields. This paper 

presents the first study of ultracold plasma dynamics in a magnetic 

field in enhancing the spin life time τ via a significant change being 

produced in the electron temperaturein thermal stability factor in  

MTJ. The presence of a magnetic field during the expansion can 

initiate various phenomena, such as plasmaconfinement 

and plasma instabilities. While the electron temperatures are very 

low in ultracold plasmas, we need only tens of Gauss of magnetic 

field to observe significant effects on the expansion dynamics. 

Plasma temperature is commonly measured in Kelvins or 

electronvolts and is, informally, a measure of the thermal kinetic 

energy per particle. Very high temperatures are usually needed to 

sustain ionization, which is a defining feature of a plasma. The 

degree of plasma ionization is determined by the "electron 

temperature" relative to the ionization energy (and more weakly by 

the density), in a relationship called the Saha equation. At low 

temperatures, ions and electrons tend to recombine into bound 

states—atoms and the plasma will eventually become a gas.In most 

cases the electrons are close enough to thermal equilibrium that their 

temperature is relatively well-defined, even when there is a 

significant deviation from a Maxwellian energy distribution 

function. 

1.6 Road to reduce Spin Transfer switching 
current i.e the Spin life time via Ultracold Plasma 
technologies 
 Manipulation of the thin film magnetization by transferring spin 

angular momentum from a spin-polarized current in nanomagnets 

both to drive precessional dynamics and to trigger magnetization 

reversal presents promising opportunities for better and magnetic 

memory devices such as magnetic random access memory 

(MRAM). However scalability characteristics in nanoscale 

microwave oscillators one of the major practical concerns is the 

current level needed to write magnetic bits in an error-free fashion at 

high operating speeds. This indeed poses a limit on the areal density 

one could achieve in a memory circuit using spin transfer because 

the required current level determines the size of the change in this 

feature will be expected by  ultracold p lasma write transistor needed. 

This potential technological applicability has triggered an intense 

effort to optimize the device geometry and choice of materials to 

obtain reduction in switching currents. A significant technologies 

like Inductively coupled plasma, Capacitively coup led plasma and 
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Cascaded Arc Plasma Source, which surely result in the considerable 

reduction of spin transfer switching current or the spin life time τ, 

which results in better performance and scalability of STT-

MRAMs.   

 
1.7 Several Ultracold Plasma technologies 
1. Inductively coupled plasma: An inductively coup led p lasma 
(ICP) is a type of plasma source in which the energy is supplied by 
electric currents which are produced by electromagnetic induction, 
that is, by  time-varying magnetic fields. Plasma temperatures can 
range between ~6000 Kº and ~1000 000 Kº(~1 eV - ~100 eV), 
comparable to the surface of the sun. ICP discharges are of 
relatively high electron density, on the order of 1015 cm−3. As a 
result, ICP discharges have wide applications where a high-density 
plasma (HDP) is needed.Another benefit of ICP discharges is that 
they are relatively free of contamination because the electrodes are 
completely outside the reaction chamber. By contrast, in a 
capacitively coup led plasma (CCP), the electrodes are often placed 
inside the reactor and are thus exposed to the plasma and 
subsequent reactive chemical species. 
2. Capacitively coupled plasma : A capacitively coup led plasma 
(CCP) is one of the most common types of industrial plasma 
sources. It essentially consists of two metal electrodes separated by 
a small distance, placed in a reactor. The gas pressure in the reactor 
can be lower than atmosphere or it can be atmospheric.A typical 
CCP system is driven by a single radio-frequency (RF) power 
supply, typically at 13.56 MHz. One of two electrodes is 
connected to the power supply, and the other one is grounded. As 
this configuration is similar in principle to a capacitor in an electric 
circuit, the plasma formed in this configuration is called a 
capacitively coup led p lasma. 
When an electric field is generated between electrodes, atoms are 
ionized and release electrons. The electrons in the gas are accelerated 
by the RF field and can ionize the gas directly or indirectly by 
collisions, producing secondary electrons. When the electric field is 
strong enough, it can lead to what is known as electron avalanche. 
After avalanche breakdown, the gas becomes electrically conductive 
due to abundant free electrons. Often it accompanies light emission 
from excited atoms or molecules in the gas. When visible light is 
produced, plasma generation can be indirectly observed even with 
bare eyes. 
A variation on capacitively coupled plasma involves isolating one of 
the electrodes, usually with a capacitor. The capacitor appears like a 
short circuit to the high frequency RF field, but like an open circuit 
to DC field. Electrons impinge on the electrode in the sheath, and 
the electrode quickly acquires a negative charge (or self-bias) 
because the capacitor does not allow it to discharge to ground. This 
sets up a secondary, DC field across the plasma in addition to the 
AC field. Massive ions are unable to react to the quickly changing 
AC field, but the strong, persistent DC field accelerates them 
toward the self-biased electrode. These energetic ions are exploited 
in many microfabrication processes (see RIE) by placing a substrate 
on the isolated (self-biased) electrode. 
CCPs have wide applications in the semiconductor processing 
industry for thin film deposition   ( sputtering, Plasma-enhanced 
chemical vapor deposition {PECVD}) and etching. 

3. Cascaded Arc Plasma Source:  The cascaded arc is a wall-
stabilized thermal electric arc discharge that produces a high density, 
low temperature plasma.The cascaded arc source, developed at the 
Eindhoven University of Technology. Compared to plasma sources 
in other linear plasma generators, this source can produce high-
density argon and hydrogen plasmas (respectively  1021 -1024m-3and 
1019 -1022m-3) at a relatively low electron temperature (~1 eV). Due 
to the high collision frequency of the particles in the source, the 
plasma is in thermal equilibrium and reasonably homogeneous. 
The cascaded arc consists of a gas inlet, three tungsten cathodes, 
cascaded plates, a nozzle and an anode. Via the gas inlet, the 
working gas -argon or hydrogen- can flow into the cathode chamber. 
The source is typically running at 0.5 - 3.0Standard Liter Per 
Minute(slm).(1 Standard Liter Per Minute = 4.4 · 1020 particles per 
second) and a discharge current of 100-300 A. The cascaded plates 
in between the cathode and anode are electrically insulated from 
each other by 1 mm thick Boron nitride plates. The voltage of these 
plates is the floating potential. Both nozzle and anode are grounded. 
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