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Abstract 

Spintronics is the manipulation of spin degree of freedom rather than charge of electron in 

the devices. A magnetic tunnel junction(MTJ) is a spin valve type nanostructure in which one 

insulating layer is sandwiched between two ferromagnetic layers. Magnetic Tunnel Junctions 

CoFeB(3nm)/ALO(I nm)/CoFeB(4nm) have been prepared by magnetron sputtering system, 

Ion beam etching and photolithography on SiOz substrate in a base pressure of P= 1 0 - ~ ~ o r r .  

The IV curves and Tunneling Magnetoresistance (TMR) are measured at room temperature 

with the help of four point probe method. It is observed from IV curves that the resistance of 

the M l J  is -1 1 5 Q  The TMR of the MTJ is found to be 24% when a magnetic field of 300 Oe 

is applied in the plane of MTJ at room temperature.The MTJs were annealed in the magnetic 

field Han,~==4000e at Temperature =265"C for one hour. It is interestingly observed that TMR 

increases from 24%. to 38%. The increase in TMR is attributed to smootliening of the 

interface and crystallinity of the ferromagnetic layers. Beside this IV curves are fitted with 

the Sinlon's model. 'rhe experimental values from the IV curve are fitted well with the model 

and barrier height is found to be in the range of few eV. This study will be useful to study 

spin transfer torque and spin-orbit coupling in MTJs for the future applications of Magnetic 

random access memory (MRAM) which is a non-volatile memory. 



Chapter 1 

Introduction 

1.1 Nanomagnetism: 

Nanornagnetism is tlie youngest field of research and affected every sphere of human 

activities through its contribution in the field of medicine, computers, co~nmunication and 

scientific investigations. Nanoscience is the study of preparation, process and properties of 

objects in the dimension range from I nm to 100nm.The size of molecules, viruses and many 

components of integrated circuit lies in 1 nm to 100nm range. 

In Physics, nanornagnetism is that field of investigation in which magnetic properties 

and application of niaterials that have as a minimum one dimension in the nanoscope range 

are considered. Those materials that hold nano-particles, multi-layer, thin-films and other 

structures in tlie nanometer scale can express as nano structured materials. 

The feature that enhances magnetic properties of the nanomaterials are characteristic 

length, broken translation symmetry, density of electronic state curve shape, proportion of 

surface atoms and physical properties of substrate and capping layer material in the case of 

thin-fil~nl~nultilayer. The properties of material changes drastically when the size of material 

decreases to nano meter range and it surface area to volume ratio increases greatly. Magnetic 

memory of nanomaterials depend upon it size [l].In figure 1.1 SEM images of (a) Zero- 

dimension (b) I -dinlension nano-particles (c) 2- dimension nano-particles are shown. 

Material with zero-dimension [ 5 ]  

Material with I-dimension [6] 

Material with 2-dimension [7]. n 
1 . - - -- ... -- 

Fig. 1.1: (a) Zero dimensional [2]. (b) I-dimen anal [3]. (c) 2-dimensional [ I ]  materials. 

Nanomagnetism has many daily life applications expended from geology to magnetic 

recording, from fcrro-fluids applied in loudspeaker to nano-particles used in medicine. 

15 



Among all these applications nanomagnetisni has made advancement in the field of magnetic 

recording a ~ l d  reached to higlier arid liiglier ctorage densities.[2-31 

The applications that rely on the 'spin degree of freedom' of charge in an electric 

current within the magnetic material are also uses thin-films, multilayers and other structures 

with nanoniateric dimensions. 

1.2 lhndamenta l  of Magnetism 

A material experiences a force of attraction or repulsion when placed in an external 

applied magnetic field due to the magnetic moment in material. Bohr's model explains how 

magnetism can occur due to the motion of electron in an atom. An orbiting electron around a 

nucleus generates a magnetic moment 

p = i A  (1.1) 

here i = dqldt and A is oriented area enclosed by the loop. 

p (dqldt) 71 r2 (1 -2) 

for electron in circular orbital with speed 'v' 

p = (evl2nr) n r 2 (1.3) 

p - (e12m) 2mv (1.4) 

here L = 2111v is the angular momentum 

p -: (e12111,) L (1.5) 

Finally in equation (1.5) we get basic relation called gyro-magnetic, that accounts for 

atomic orbital niagnetism. When the large number of atomic scale magnetic moments are 

aligned in the material it is called magnetization M and can be calculated as the magnetic 

moment per ~mi t  volume. 

1.3 Classification of magnetic materials 

I'here are five different classes of magnetic materials classified on the basis of magnetic 

behavior of magnet and there magnetic properties. 

*:* Diamagnetism in Dianiagnet 

Q Paramagnetism in Paramagnet 

+:* Ferromagnetism in Ferroniagnet 

+:+ Anti-ferromagnetism 

*:+ Ferrimagnetisrn 

Figure 1.2 Show the periodic table of magnetic materials 



I F'aramagn etic Dia magnet ic 
LI 612 

Fig.l.2: Periodic table of magnetic materials. 

a) Diamagnetic material 

Materials in which no unpaired electrons present and all the orbitals are filled due to 

which they have no net magnetic moments. However, when they are placed in tlie external 

magnetic field 1-1 all the magnetic moments are aligned in opposite direction to the applied 

magnetic field direction. These materials show temporary magnetization because they losses 

its magnetization when external magnetic field is removed and produces negative 

magnetization as a result, the susceptibility X, ofdianagnetic material is < 0 (order of-103) [4-51. 

lnaynotlc Field applied magnettc field removed 

Fig.l.3: Diamagnetic materials when (a) no field is applied (b) field is applied (C) field is removed. 

b) I'aramagnetic materials 

I k s e  materials have partially filled orbitals resulting unpaired electrons which cause 

magnetic moment but with disorder orientation. In Fig 1.4 (a) when 11=0 all magnetic 

moments are randomly oriented and in fig 1.4 (b) When magnetic field H is applied all the 

magnetic moments aligned in the direction of magnetic field and a net magnetization M=Mo 

occurs with positive susceptibility. 



tlrr a ~ ~ ~ 1 1 1 ~ c j  
irl;ngttrtttit f idd appf tcd alcigtlctic. ficld 

Fig.l.4: I'a~arndpetic: matcrials when (a) no magnetic field (b) appl~ed magnetic ti eld 

c) Ferromagnetic material 

The magnetic moments of atom or ions are parallel in ferromagnetic materials and 

also permanently self-aligned in the direction of applied magnetic field even when the 

magnetic field is removed. These magnetic moments are originated by the contribution of 

electron spin and orbital magnetic tnoment. For example Co, Fe, Ni etc are ferromagnetic 

matcrials and therc magnetic si~sceptibility is very high mostly in the range of 1 06.[4] 

Fig.l.5: Ferromagnetic material when (a) no magnetic field (b) ~nagnetic tield. 

d) Anti Serromagnctic material 

In anti-ferromagnetic materials the interaction of magnetic moments between adjacent 

moments tends to align them anti-parallel. I n  figure 1.6 it is illustrated that one set of 

magnetic ions is spontaneously magnetized below Nee1 teniperat~~re and other set is 

spontaneously magnetized at the same amount but in opposite direction. As a result there is 

110 net spontaneous magnetization take place. Anti-ferromagnetic materials behave as 



paramagnet at fixed temperature in the presence of external magnetic field and the 

susceptibility i s  and small.[6] 

Fig.l.6: Alignment of  magnetic domains in anti-ferromagnetic material. 

1.4 SPIN'I'RONICS: 

Spintronics is the branch of physics that deals with the electron spin degree of 

freedom for storage and transfer of data. Spintronic has attracted the researcher from the field 

of nano-electronics and material science after the discovery of GMR effect in late 80's and 

earlier 90's by t ~ o  ~SOLIPS ,  Peter Gruenberg Group and Albert Fert's Group [7-81.After this 

discovery the storage capacity of magnetic material has increased dramatically in recent 

years. Now a day's physicists are focusing on the spin of electron rather than charge to create 

remarkable spintronic devices which will be compact, robust and more versatile. Spintronics 

is the new and wide field in which magnetic technology and semi-conductor technology is the 

base and it is supported by quantum mechanics. 

The quantum mecllanical property of electron called the intrinsic angular moment 

named as 'electron spin'. There are two magnetic monlents associated with an electron one 

orbital angular moment (pe = ~l i l21~1~)  and other intrinsic angular moment 'spin' {p. = g 

(eh/2me)m, ) here g is the gyro magnetic ratio, its value is 2.002 for electron spin, Ins is + % 

and - !h .In 1988 it was demonstrated that current flowing from ferromagnetic material into 

any metal it does not change its spin orientation atleast for a distance equal to interatomic 

spacing. Alter this discovery it was investigated in many spintronic devices that spin with its 

associated magnetic moment can be transported just as charge hence magnetization can be 

transferred from one material to another. 

1.5 Spin upldow~i band structure. 

In metals the number of up-spin is equal to down-spin electrons at the Ferlni level in 

partially filled s-band. I3ut in fcrromagnets the narrow d-band shifted by an amount 2 p B ~ ,  

here Bt- is the internal exchange field that is represented by exchange interaction 

Jr-3kn71'c/2zS(S t I). this results the total number of majority up-spin electrons exceeds the 

total number of minority down-spin electrons as sllown in figure 1.7.the density per unit 
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energy of up-spin state can be changed to down-spin at the Fermi level due to the 

ferromagllefic fratisition temperature. In tunnel valve this basic propcrty of ferronlagnet is 

used and applicable in magnetic field sensor used in Magnetic Disk Drives [9]. 

Normal Ferromagnet 

Fig 1.7: Diagram of filled band structure for Metals (left) and Ferromagnets (right). 

Since DOS are split corresponding to two different spins of electrons at the Fermi 

level due to ferromagnetic exchange energy stated by Mott's model, the conduction in metals 

can also be studied by considering the electron configuration and their magnetic properties. 

110-1 I ] .  

1.6 Spin diffusion length: 

The LIP-spins converted to down-spins due to the spin flip processes. The length scale 

whicl describe how far from the interface the spin accumulation decays exponentially is 

matlicmatically given below in equation 1.6. 

Where is ' t T + '  spin flip time, o* Fermi velocity, A the mean free path and b d  spin 

diffi~sion length. 

Introducing impurities in silver helps to reduce mean free path and also drops the spin 

flip time which cause decrease in spin diffitsion length due to more spin orbit scattering.[l2] 

1.7 Magnetoresistance and Types: 

Magnetoresistance is the phenomenon in which a material changes its electrical 

resistance when the magnetic field is applied on it. It is meastired quantatively by a formula, 



where RH is resistance of a sample with magnetic field and Ro is the resistance without 

magnetic field. 

MR = (RI ,-KO) 1 RH (1-7) 
In modern technology, the magnetic field sensors are based on the effects called Gaint 

magnetoresistancc 'GMR' or tunnel magnetoresistance 'TMR'. These effects are usually 

observed in nanomaterials, if conducting layers are smaller than the mean free path hsf of an 

electron so that to change its spin orientation (spin flip).In magnetoresistance situation a 

longer mean free path and spin flip is very important behavior. 

There arc different types of magnetoresistance effects depending upon following 

mechanisms. 

i) Ordinary magnetoresistance effect (OMR). 

This effect is only observed and measured in metals because nletals have large mean 

fiee path in the absence of magnetic field. When a magnetic field is applied charge carriers 

reduces its mean free path by revolving in the orbits, which cause a change in electrical 

receptivity of metal. This change reaches to few percent in magnetic field. 

ii) Giant magnetoresistance effect (GMR). 

GMR effect is observed in multilayer ferromagnetic layers separated by nonmagnetic or 

anti-ferromagnetic layer 113-16].GMR describes a huge change of electrical resistance in 

applied magnetic field. This electrical resistance depends on the relative movement 

(orientation) of magnetic moments in magnetic and nonmagnetic layers. If both layers are in 

anti- parallel states then it shows maximum electrical resistance and if both layers are in 

parallel states then it shows mininlum electrical resistance. These phenomena give an idea of 

non volatile magneto resistive random access memory devices [I 7].To understand GMR it is 

important to know two basic concepts, first interlayer exchange coupling and second spin 

dependent transpost. 

iii) Tunnel magnetoresistance effect (TMR). 

Tunnel valve is composed of metal-insulator-metal junction; consist of soft magnet 

NiFe, an non-conducting A1203 or MgO tunnel barrier and Co as a hard magnet. Tunnel 

magneto resistance effect is usually observcd in magnetic tunnel junctions (MTJ's) device. 

l'hc tunncl current preserves the direction of spin from one electrode to the other, according 

to the rule that down-spin state at the opposite electrode only acccpts the down-spin electrons 

and similarly for up-spin electrons. The tunneling current is appropriately observed across the 

tunneling barrier and thus tunneling resistance (TMR) is calculated by equation (1.8). 



I<ap and Rp is the resistances when the two magnet layers are anti ~ara l le l  and parallel 

to each other respectively. The resistance varies exponentially with the insulating barrier 

thickness [I 9-20].Tunneling current is measured that is proportional to the product of initial 

DOS at Fermi level and final DOS at opposite electrode. TMR can also be calculated by 

formula (I .9). 

iv) Colossal magnetoresistance effect (CMR). 

This CMR effect is observed by Jin et al, when large magnetic field is applied on 

manganese-based perovskite oxides at Curie temperature [21-231. 'The change of electrical 

resistance is very high in order of magnitude. This change needs large field in few Tesla so 

therefore CMR has no practical applications so far. 

1.8 Inter layer exchange coupling: 

It governs the relative movement (orientation) in the magnetic material called 

magnetization, it is either coupled ferro-magnetically or anti-ferromagnetically by adjusting 

thickness of non-magnetic layer. For small inter spacing layer the magnetic layers couple 

ferromagnetically and for large inter spacing layer the magnetic layer couple anti- 

ferromagnetically.GMR occurs if the spacer layer is adjusted such that the magnetic layers 

couple anti-ferromagnetically at zero magnetic field as demonstrated in figure 1.8(a) and 

interlayer exchange coupling is negative, producing high resistance. Similarly by applying 

magnetic field the orientation of magnetic layers aligned parallel as demonstrated in figure 

1.8 (b) and produces low resistance. 

[ij = 0 

Fig 1.8: Diagram show states of GMR (a)High resistance (b) Low resistance. 



1.9 Spin depentlent transport: 

In fig 1.8(a) anti-parallel orientation has high resistance because the spin-up electrons 

are scattered by spin down magnetized layer and similarly the spin-down electrons are 

scattered by spin up magnetized layer. But in parallel alignment only on spin type can pass 

through the system and other spin type is strongly scattered resulting in less resistance. 

The GMR effect is used in reading and writing magnetic data in the form of 0 and 1 

binary data bits.O stands for low resistance and 1 stands for high resistance. This technique is 

used in magneto resistive random access memories MRAM memory cells [18]. 

1.10 Magnctic tunnel junction (MrIJs): 

MTJ's composed of thin insulating barrier layer sandwich between two ferromagnetic 

layers [23-27].'rhe magnetic coercivities of two layers are different so that's why the 

switching fields of two FM layers are different. The layer wit1 low coercivity is called free 

layer and other with higli coercivity is called pinned layer or fixed layer. 

For the conservation of spin of electrons during tunneling process the insulating layer 

is chosen smooth and thin. It also help to make MTJ's more responsive. Different types of 

MTJ's are shown below. 

Free Layer 

Insulating layer 

Fixcd layer 

Substrate 

Fig 1.9: (a) Basic MTJ structure. 

I n  fig 1.9(a) the basic MTJ str~icture is s1iown.Jt is used as a memory as long as the 

coercivity of the pinned layer is higher than the coercivity of the free layer.If the orientation 

of free layer is changed by appling low field than this would give the switching operation of 

memory.13ut this structure has some limitations that this low field activity might cause 

permanent orientation of small domains in the pinned layer,which reduces the efficiency of 

the devicc.[28] 



Sced Layer 

Substrate 

Fig 1.9: (h) MT.1 structure with AFM pinned layer 

In fig I .9(b) anti-ferromagnetic layer is coupled with pinned layer to avoid the 

permanent orientation of  domains in the pinned layer by exhange couple effect[29].To make 

this exchange coupling effect more effective the interface should be kept very smooth.The 

limitation of these type of structure is that there exists non-zero magnetic bias on the free 

layer which woiild affect the operation of device in the abence of magnetic field. 

Free layer 

Insulating layer 

Fixed 1,ayer 

Synthetic FM l a y e r  

AFM Pinning layer 

Ultra 'l'h in (Ru/Cu) 

Secd Layer 

Substrate 

Fig 1.9:(c) MT.1 structure with SAF and AFM pinned layer 

In fig 1.9(c) Synthetic Antiferromagl~etic(SAI') structure is shown which is composed 

of CoFe/Ru/CoFe with thickness of Ru adjusted to produce pinned layer with non magnetic 

bais and exchange couples the mo1ment of the two ferromagnetic layers in opposite 



directions.7'lie critical thickness found to be 7 -9~ ' .  l'hc limitations of these type of structure 

is that it s l~ows ~mstablc bchaviour at high anealing tcn1perature[30]. 

Frce Layer 

Insulating layer 

Fixed Layer 

Synthetic AFM I,i~yer 

Ultra Thin layer 

Seed layer 

Substrate 

Fig 1.9: (d) MTS structure with SAF pinned Layer 

In fig 1.9(d) the SAF type strructure is shown but without exchange biasing by AFM 

layer.Tliis structure helps to avoid the limitation present due to the AF layer.[3 1-33]. 

1.1 1 IIalf-metallic materials: 

Half-metallic materials are inaterials that are metallic for one spin polarized electrons 

and insulator for other spin electrons, it mean only one type of electrons are available for 

conduction. In half-metallic fcrro-magnets there exist an energy gap for electrons of one spin 

direction like up-spin electron between valence bands and condilction bands for the electrons 

of other spin direction like down-spin electron exist continuous bands, so for that its shows 

semi-conducting behavior if the minority electrons (spins anti-parallel to magnetization), 

whereas it can also show metallic behavior if the majority electrons (spins parallel to 

magnetization). As a result, the conduction electrons are completely spin polarized at the 

Fermi level. This class of materials was discovered by De Groot et al. [34]. 

1.12 The exchange bias el'l'cct: 

Exchange bias is observed in ferromagncticlanti-ferromagnetic interface, when cooled 

in the presence of magnetic field thro~igll Necl telnperature of anti-ferromagnetic shown in 

figure 1.10. In thls case the Curie telnperature of the ferromagnetic material is colisidered to 

be above the Nee1 temperature. [35-381. 



Fig 1.10: Exchange biased effect after field cooling. 

The EB effect is also observed in spin valves with one pinned and one free FM layer 

which are implanted in devices s ~ ~ c h  as readout sensors, storage media and magnetic random 

access memory (MRAM). The exchange bias (1713) effect has two characteristics firstly when 

magnetic field is applied it cause magnetic coupling across the interfaces between 

ferromagnetic and anti-ferromagnetic layers due which hysteresis loop shifts either towards 

positive or negative axes depending on the direction of applied field [39, 401.Second an 

increase in coercivity and a wider hysteresis loop. 

1.13 Spin Valves: 

Spin valvc is composed of two FM layer separated by a non magnetic layer called 

spacer layer as illustrated in figure 1 . 1  1. The magnetization of one FM layer is free to change 

the orientation which is pinned to the other FM layer by exchange baised coupling with 

adjacent anti-ferromagnetic 'AFM' layer [41].When the field is changed between positive 

and negative value, the magnetization of two FM layers also changes from anti-parallel to 

parallel state. During this change the magnetoresistance change from high to low value. This 

phenomenon corresponds to switching of free layer. 

I iigh scsistmcc Lons resistance 

Pinning layer --+ Pinning layer d 

Fig 1 .1  1:Working of spin valve 
7 .  i he intcrcsting featurcs of Spin valve is that it shows high magnetoresistance 

sensitivity of the order of ten of percent at low magnetic field of the order of tens of  oersteds. 



1.14 Spin polarization: 

7he process in wliicli one spin direction is allowed during transport process because of the 

energy gap for other spin direction usually for minority spin bands at Fermi level and result in 

spin polarization. l h i s  effect is observed in half metallic ferroniagnets and is used as 

ferromagnetic electrodes in spintronic devices. In MTJ's when two ferromagnetic layers are 

aligned in anti-parallel state then the magnetization of electrodes i n  applied magnetic field 

take part and the electrons will spin polarized during the transport process. According to 

Julliere's model the spin polarization is used to calculate TMR value using formula as 

explained below.[ 19-20] 

P I  and P2 is the spin polarization of ferromagnetic electrodes and there values depends on the 
density of states at Fermi level for minority and majority spins. 

1.15 Simmon's model: 

In simmon's model the J-V characteristic curve at varying temperature for tunneling junction 

is expressed in generalized theory. This theory is applied to two junctions one symmetric and 

other Asymmetric. 111 symmetric junction the parabolic curve increase with increase in 

temperature and voltage bais to a certain peak percentage value and decrease abruptly 

afterward. This critical voltage bais at which thermal percentage of current density is 

maximum is proportional to interfacial barrier height. 

Similarly for Asymmetric junction the theory derives two peaks values of percentage 

current density .I and depends upon the polarity of voltage baised and electrode-insulator 

interfacial barrier heights c p ~  and cp~.Figut-e 1.12 demonstrate J-V curves. 
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Fig 1.12: Demonstrate J l and 52 peaks at T=300K. 



Here in this model the thicltness to insulating layer is adjusted 20 and concluded c p ~  = 1V 

wliich is the small Asymmetric interfacial barrier height and cpz =- 1.W which is the large 

Asymmetric interfacial barrier height. 

1.16 Application of Spintronics: 

ReadIWrite data in Hard disk drives 

Bio sensors. 

Micro electromechanical system 

Magneto resistive random-access memory 

Nano magnetic oscillator 

Molecular Electromechanical devices 

Molecular optoelectronics 

MTJ's is used in device application for this it can describe the antiquity of spintronics or 

the antiquity of  magneto resistance at room temperature. Now a days read heads of HDDs 

with MR ratios of 5% to 15% are GMR based spin valves devices at room temperature, Also 

AI-0 based M'I'J's are used in IIDD read heads and MRAM cells due to its high MR ratios of 

20% to 70% at room temperature. 

1.16.1 T M R  read head based on MTJ's: 

For spintronic devices, MTJ's are consistent with the mass manufacturing process 

due to their Gaint 1 M R  effect. By sputtering deposition method at room temperature it can be 

fabricated on pinned layer structure after performing post annealing. To meet challenges of 

industrial applications, the requirement of standard MTJ's must have MR ratios with low bias 

voltages. 

1.16.2 Magnetic sensors: 

MTJ's have manj  advantages such as 

i) HigIiTMRratio 

ii) Small size 

iii) Low cost 

iv) Lab-on-chip compatibility 



According to these benefits they are reflected as an ideal sensor element for 

hiosensors and hiochips [42]. The sensing stage of MTJ's together with magnetic nano 

particles (MNI') has been effectively applied for detecting protein binding and DNA 

hybridization [43].E'igure 1 . 1  3 describes the bio sensor MTJ. 

BIO SENSOR 

Fig 1.13: Diagram of Bio sensor MTJ. 

1.16.3 Magnetic Random Access Memory (MRAM): 

Resistance differences of MTJ's can be used to store information in electronic form 0 

& 1 for parallel and anti-parallel state respectively. As a result, M r J ' s  based on TMR effect 

can be used to fabricate novel MRAM with properties like non-volatility, processing quickly, 

transferring, low energy cost and storage into one chip. 

1.16.4 MRAM IGeld Switching: 

Conventional MRAM uses the magnetic fields produced by currents to switch the 

memory states (0 to 1) or (1 to 0) of the MTJ memory cell. In  write process, current generate 
-\ 

$2 magnetic field while passing through programming lines. The combine effect of two 

t i k (  magnetic fields by top and bottom lines are used to program the bit. 

g! 1.17 Motivation: 

As spintronics is the new field of research in Physics and applications based on the 

intrinsic property called spin. I n  past few years scientist worked on MgO or A10 based MTJ's 

and thcir aim *ere to measure high TMR values, so they succeed to measured maximum 

GMR and TMR value at low Temperature, which was very helpful in practical applications 

like spintronic devices but our main focus in this research is on ,410 based MTJ's and 

measuring TMR value at room temperature which has many future applications. These MTJ's 

are used in magnetic sensors, readlwrite head and data storage devices. 

My motivation in this research is to fabricate Single barrier ,410 based Magneto 

tunnel junction and measure the characteristics like I-V curve, TMR ratio before and after 

magnetic annealing, structure morphology of multilayer by XRD and SEM techniques. 



1.18 1,itcrature Review: 

In spintronics, the AI-0 and Mg-0 based magnetic tunnel junction (MTJ) has open 

rcsearcli advancenient because of its three main features 

i) Physical effects like spin transfer torque, spin-caloric effect, coulomb blockade 

magneto resistance effect etc. 

ii) Physical properties like GMR, TMR etc. 

iii) Devicc applications like spin logic devices, MRAM, read heads, magnetic sensors 

etc. 

First time the TMR effect was introduced in 1975 by Julliere et d, reported TMR 

ratio 14% at 4.2K in FeIGe-OICo MTJ. Here Fe and Co is ferromagnet and Ge-O is insulating 

layer. In their work they defined TMR ratio by a formula. 

T M R = ( G p - G / \ p ) / G A p = 2 P , P 2 / (  ] -PIP*)  

Where GI' and GAP are the conductances and P1,P2 are the spin polarization of 

ferromagnetic electrodes. 

By optimiring the ferromagnetic electrodes and clianging the conditions of fabrication 

many researchers reported significant increase in TMR ratio.111 1995 Miyazaki et al and 

Moodera et al obtained 18% TMR ratio at room temperature by fabricating MTJ with tunnel 

barrier of amporphous aluminium oxide and 3d ferromagnetic electrodes. 

The ob-jective to achieve maximum TMR ratio tlie researcher has predicted 

theoretically that it can be increased by tunneling of coherent electrons. Parkin et al in 2004 

reported 180% TMR ratio at room temperature by fabricating MgO based MTJ (Fe/MgO/Fe) 

using niolecular beam epitaxy (MBE). 

It has been reported that researcher are interested to increase TMR ratio by fabricating 

MTJ differently and devoted their efforts for optimizing the structure, ferromagnetic 

electrodes and barrier layer to achieve tlie goal. 

For practical application like magneto sensitive sensor in 2001 it was predicted that 

by using crystalline MgO (001) or textured MgO (001) barrier layer, the researcher of that 

time obtained upto 500% TMR ratio at room temperature in CoFe/MgO/CoFe MTJ. And by 

following first principal theory they expected 1000% TMR ratio, the reason for that is the 

mo~nentum, wliicli does not remain conserved in amorphous material during tunneling 

process because the electrons are scattered inside the barrier and destroys the symmetry of 



coherent electrons but it is conserved in crystalline materials hence increase the probability 

of TMR value. 

Nozaki et d reported property called spin dependent tunneling conductance in fully 

epitaxial Mg-0  pscudo-spin valve type double barrier MTJ deposited by MBE method [ Mg- 

0 (1 0) seed layer/Fe(5O)/Mg-O(2)/Fe(t)/Mg-O(2)/Fe(15) ],researcher varied the Fe middle 

layer thickness in Nano-scale from 1 to 1.5 nni by quartz oscillator and observed the spin 

dependent tunneling conductance by varying baised voltage. In their research they also vary 

the temperature (4.5, 100.RT) and observe spin dependent tunneling conductance as a 

function of baised voltage and calculated TMR ratio upto 136%. 

Miao et al reported in 2006 that by depositing Mg inter layer barrier layer varying 

from 0 to 10 A and observed change in TMR ratio due to the long diffusion length of Bloch 

state in Mg. By increasing the thickness above IOA, resulting a decrease in the TMR ratio 

duc to the partial conversion of Mg into Mg-0 layer which in turn break the coherence 

between barrier and ferromagnetic electrodes. 

Maisumoto et at in 2009 deposited flat ultra-thin Cr (001) layer just below MgO 

barrier layer in MTJ ( Fe/Cr/MgO/Fe(OOl)) and investigated spin dependent transport. It is 

reported by the researcher that by fabricating such MTJ helps to overcome the scattering 

process of tunneling electron and increase the TMR ratio. It is determined that the 

exponential increase in junction resistance with increase in Cr spacer layer. 

In 2010 it is reported by Gen et d that by optimizing middle free layer 

structure(Co40Fe40I320) the TMR ratio can be enhanced. So the rcsearchers fabricated Mgo 

based double barrier MTJs by using pliotolithograpliy and Ar ion milling technique and 

deduce 130 % TMR ratio annealed at 350C. 

Yamamoto et d in 2012 reported that by increasing concentration of Mn in Co based 

heusler alloy (Co2MnaSi) electrode and MgO tunnel barrier the TMR ratio increases to 

1 135% at 4.K and 236 % at room temperature and baised voltage 1 mV by adjusting value of 

1 ~ 1 . 2 9  in the fabrication of MTJ layer structure [ MgO buffer (IO)/CMS(3O)/MgObarrier(2- 

3)lCMS(4-5)/Ru(O.8)lCo8Ol~e20(2)llr22Mn78(lO)/ Ru(5nm) ] deposited on Mgo substrate. 



Chapter 2 

Synthesis of Nanomaterials 

In this chapter a brief study of experimental procedures followed during the sample 

preparation and device fabrication are mentioned. There are two different approaches of 

fabricating materials. One approach is top-down and second approach is bottom-up. 

2.1 Top-down vs Bottom-up: 

When the bulk material is machined(crushed) and then modified into desired shapes 

and products, like manufacturing integrated circuits by the sequence of crystal growth, ion 

beam etching, lithography etc, than this technique is called top-down approach. For the 

synthesis of nanomaterials one of the important examples of top-down approach is ball- 

milling in which macro crystalline structures are broken down without disturbing the integrity 

of material into nano crystalline structnres. In milling process the kinetic energy is supplied 

to prepare nanostructure metal oxide by chemical reaction between two constituent during 

crushing. [44-461 

011 other hand the technique use in assembling materials from atom or molecules up 

to form nano fabricated materials is called bottom-up approacli. Bottom-up approach is the 

non- lithographic technique for the synthesis of nanomaterials and has a great potential to 

overcome the lithographic process in future.I'VD, CVD, Sol-gel technology, electro- 

deposition, laser ablation, epitaxial growth is the example of bottom-up technique. 

2.2 Sputtering: 

Thin films and multilayers can be deposited on a substrate by sputtering. Sputtering is 

a physical vapour deposition PVD process in which high energetic particles like an ions, an 

electrons, an alpha particle etc are targeted on the surface with enough energy to eject atleast 

one or more surface atom and depositing these sputtered atoms on the substrate. Sputter yield 

is the ratio of number of ejected atoms to the number of incident atoms. 

2.3 DC diode sputtering: 

In DC diode sputtering, a discharge between the target and the substrate under 

suitable pressure (1 to 10 1-11 Torr ) and voltage conditions. Electrical neutral argon gas is 

~ntroduced into the low pressured vacuum chamber. 'I'he DC voltage between the target and 

substrate i o n i ~ e  the argon gas into plasma resulting into ions and electrons. These charged 

argon ions are accelerated towards the targetlanode. After collision with target it helps to 

eject atoms from target. These sputtered atoms are than deposited on the substrate/cathode, 



resulting deposition of a thin film of target atom on substrate. Electrons released during argon 

ionization are accelerated towards anode and in the way collides with more argon resulting 

more argon ion and electrons production. The applied voltage required for the discharge is a 

function of electrode spacing and pressure between them [47].Figure 2.1 below describes the 

structure of DC diode sputtering. . To increase the cross section for electron impact and 

ionization of gas in the chamber it is usually operate at high pressure. But the high pressure 

results in poor transport of the sputtered atoms and very low deposition rate. 

Fig.2.1:Structure of basic DC diode sputtering system. 

2.4 RF diode sputtering: 

The problcms arose in DC sputtering is resolved by applying alternating voltage 

between the electrodes, in this way charging of insulated cathode is eliminated and also 

produce an increase in ion current density. In RF diode sputtering mostly AC frequency used 

is 13.56 MHz. At this frequency plasma oscillates and electrons in the plasma pick additional 

energy from this oscillation. In this way the energy is coupled into electron population which 

results in more ionization. 

The liighcr ionization mean production of a higher ion current at the same applied 

power as that in DC diode sputtering. ?'he second advantage of RF diode sputtering is that by 

switching the places of  anode and cathode at every half cycle of RF, the cathode does not 

gain charge from plasma. Figure 2.2 describe the structure of RF sputtering system. 



Fig. 2.2: Basic structure of RF sputtering system. 

In RF diode sputtering, both etching and deposition is co~nmonly used for the 

sputtering of i~isulating materials such as oxides (silicon dioxide, magnesium oxide, titanium 

dioxide, alumi~ium oxide etc.) and polymers. 

2.5 Magnetron sputtering: 

Synthesis of thin films multilayers is done by magnetron sputtering. It uses the basic 

effect that electrons respond to magnetic field by the relation. 

F = e (V x 13) (2.1) 

Where 'e' is the electron charge, V is the velocity, B is the magnetic field and F is the 

force acting on electron to spiral around the magnetic field in order to increase the probability 

of impact with gas atom and cause ionization of gas atom, this in turn produces higher plasma 

densities and lower discharge voltages at constant applied power [48-541. Magnetron 

sputtering system consist of a chamber which is placed in a vacuum. There are two types of 

chamber with sputtering up or sputtering down phenomena. Vacuum chamber consist of 

cathode plate and cylindrical anode. A substrate is placed into the chamber. Argon gas is 

injected into the chamber continuously. Strong magnetic fields are produced by the magnet 

placed under the target help to deposit target on a confined place at substrate. Now high 

voltage is applied to ionize argon gas and it will form plasma. During this whole process the 

electrons ejected from the target will strike with argon gas to form positively charged argon 

ions. These ion travel to the cathode target and stick with target material. Now these ejected 

target atoms b i l l  move towards the substrate and condenses 011 the substrate to form a thin 

film layer. Figure 2.3 describes the whole phenomena. 



Substrate 

G I w  discharge 

Fig.2.3:Showing Basic components of Magnetron sputtering system. 

The rotating substrate stage avoids substrate heating to temperature in excess of 900C 

with RF  or DC bias. A dry backing pump and electro pneumatic valving is computer 

controlled to provide automatic pumping of the chamber. All process parameters like gas 

handling, magnetron power supply, chamber and substrate controlled and monitored by lab 

view software. Deposition from single and multi-sources can be done easily and it depends 

on sputtering efficiency of the material, deposition power level, source to substrate distance, 

process gas ,substrate temperature, target erosion, position of anode, process pressure, power 

t jpe DCIRF, angle of incident and balance of magnetic field. 

2.6 UV Lithography: 

Photo or UV lithography is a process in which portion of a film or the bulk can be 

selectively removed by using UV rays. In lithography light is used to transfer a geometrical 

pattern from photo mask to a light sensitive resistor called photo resistor on the substrate and 

then etched out of the film chemically or physically. Mask lithography is used with coherent 

light sources and there are two types of inask lithography one is called contact lithography 

and other is called projection lithography. In contact lithography the mask is placed as closed 

as possible to the substrate to remove the selected film. This lithography allows us to go 

below the wavelength limit by keeping precise distance between the film and the mask and 

helps to create evanescent wave through a hole which are snialler than the applied 

wavelength. This technique is widely used in industries for the manufacturing of integrated 

circuit and semi-conductor components. The figure below explains the pattering by 

photolithography. 



Fig. 2.4: Diagram representation of three stages involved in photolithography. 

In first step the clean film is coated with organic photosensitive resistor and allowed 

to dry before exposed to UV light through a photographic mask to transfer geometrical 

pattern on the film shown in (fig 2.4a). 

In second step the part of resistor that is exposed to UV light become unstable and 

removed after developing in a photo resist developer for optimal time and shown in (fig 

2.4b), when the pattern is done the uncovered film is removed by etching[55-561. 

In third step the remaining photoresist is removed by dipping in suitable solvent 

shown in (fig 2 . 4 ~ ) .  

2.7 Ion-beam etching: 

Ion beam etching(II3E) is basically a dry etch process and a transfer of momentum 

between the incident ion and target atom.111 this process the argon ions are radiated on the 

surface with sufficient energy. The energy of argon ion helps to strike out material of the 

surface. 'l'lle striked out material and gas are exhaust by vacuum pump to avoid deposition on 

walls and samplc. As the sputtering yield is the number of sputtered atoms per unit incident 

ion so it depends upon incident ion energy, species and its mass, target atoms species and 

mass, and incident angle.[57-5XI.The incident ion kinetic energy must be greater than the 

chemical binding energy of target atom to eject atom from the target and incident energy 

ranging from I0 to 1 OOKV or depends upon type of target material. 

Etching rate(R) is a function of sputtering yield(S) and written as 

K(8) = 9.6 x 1 ~ " x  J x (S(0)In) x cos (0) (2.2) 

Where J is current density, n is atomic number density and (8) is the angle of  incident with 

normal. As angle increases the sputtering yield increases due to the efficient momentum 



transfer between ion and target. In this process only a fraction of incident ion energy is 

carried away by sputtered atom. By cooling the substrate etching rate can be increased. 

2.8 Vibrating Sample Magnetometer (VSM): 

The Vibrating Sample Magnetometer (VSM) is an instrument invented by Simon 

Foner in 1955 159-601 at Lincoln laboratory MIT and is widely used in determining the 

magnetic properties of various magnetic materials like diamagnetic, paramagnetic, 

ferromagnetic, and anti-ferromagnetic materials. The VSM system consists of an 

electromagnet which provides a magnetizing field (DC). In the presence of magnetic field a 

vibrator that vibrates the sample sinusoidally with the help of piezoelectric material and the 

detection coils which generate signal voltage due to the change in magnetic flux originates 

from the vibrating sample. The magnetic moment of sample is proportional to the induced 

voltage in the pickup coils and can be measured using lock-in amplifier as shown in figure 

2.5. 

Fig.2.5: Structure of VSM. 

This output exhibits the magnetic moment M as  a function of the magnctic field H and used 

to obtain the hysteresis curve of material. I n  this way the VSM measures the magnetization of 

nanomaterials when placed in external magnetic field and converting the dipole field of 

sample into AC signals. 



Chapter 3 

Kxperimental techniques 

I11 this chapter different experi~nental techniques are used for the characterization of 

magneto tunnel junction nano-materials. 

3.1 Optical Microscope: 

Optical microscope is technical device used to visualize microscopic things with the help of 1ight.The 
table below shows few images taken through optical microscope. 

Table 3.1 Images by Op al microscope. 

3.2 Scanning Electron Microscopy: 

Scanning electron microscopy is important characterization techniques for detail 

study of structurc of material. Scanning electron microscope gives inforination about particle 

size distribution. morphological structure, grain size and material surface analysis. Main 

advantage of scanning electron ~nicroscopy over XRD is that SEM shows direct image of 

materials. 



Scanning electron microscopy is similar to optical microscopy. Beam of electron is emitted 

heated filamcnt or by electron tunneling source i n  scanning electron microscope. Electric 

field is ~ ~ s e d  to control the movement of beam of electrons so that these electrons gain kinetic 

encrgy and short wavclcngth. For accurate results the beam of electrons passes through large 

number of series of electromagnetic lenses. Two types of microscopy are used for structural 

analysis, scanning clectron microscopy (SEM) and transmission electron microscopy (TEM). 

Scanning electron microscopy (SEM) is used in my present research work. Scanning electron 

microscopy is used to produce high resolution three dimensional images which are helpful for 

morphology of materials. Beam of electrons emitted from sample surface and collected and 

a~nplified with help of detector by using scanning electron microscope. Back scattered and 

secondary electrons give important information about sample. In order to avoid any distortion 

in scanning electron microscope the surface of scanning electron microscope (SEM) should 

be grounded. Fig 3. 4 shows schematic diagram of SEM. 

Fig. 3.4: Schematic diagram of' Scanning electron microscope [6 I ]  

l he re  are different parts used in scanning electron microscope such as heated 

filament, conducting lens, objective lens, an electron gun and aperture. Electrons are emitted 

from electron gun in scanning electron microscope and these electrons are accelerated by 



gaining kinetic energy and applying Iiigli voltage 100 eV tolOOKeVbetween heated filament 

and anode. Emitted electrons acquired greater kinetic energy in scanning electron microscope 

which produces a variety of pulse of signals. Backscattered electrons, diffracted electrons, 

sccondary electrons, heat, visible light and photons are parts of these pulses of signals. 

Backscattered and secondary electrons are used for production of image of specimens. 

To show the topography and surface morphology of the thin films, secondary electrons 

are useful. Backscattered electrons are used to determine the element composition in the thin 

film. The power magnification of SEM varies from 20X to 50000X and resolution is from 

50nm to 100nm.~flie resolution of SEM is adjusted by the spot size of electron which depends 

on the electron wavelength. 

Vacuum condition is applied for the operation and the image production in SEM, for 

this the sample should be conductive. If it is non-conductive then sputter coating of metal like 

Cu is used to makc it conductive. 

3.3 Two Point Probe Method: 

For measuring resistance in conductors two probe and four probe method is used. In 

two probe method the resistivity of sample can be measured by measuring current and 

potential difference across it as sliown in fig (3.5). 

probe 2 

~ n l p l e  

prube 1 

Fig 3.5: Setting of two probe system 

In two probe method the current is supplied i n  through probe 1 across the sample and out 

from probe 2 is measured by ammeter. The potential difference between the two probes is 

measured by voltmeter, than tlie resistivity can be calculated by formula below, where 1 is 

tlie lengtli of sample between the probes and A is the cross section of sample. 

3.3.1 l'roblems of two probe method: 

1 )  Increase in resistance due to the contact of measuring lead connection 

2) It cannot be used for irregular sliapes 



- - -- - - - - - 

3) It is difficult to solder some materials with lead contact like nanomaterials 

4 )  While soldering the heating of sample like semi-conductors result in injection of 

impurities into material and affect the electrical property. 

1'0 overconie these above mentioned problems four point probe technique is used to 

measure the resistivity of nanomaterials of variety of shapes and also the soldering contacts 

are replaced by pressure contacts to avoid heating of sample. 

3.4 Four point probe method: 

In this technique four tungsten metal tips with finite radius and supported by springs 

are used, which are equally spaced as shown in figure (3.6). The springs help to avoid 

damage caused by the probes to the sample and can easily move up and down while taking 

measurements. 

Fig 3.6: Diagram of four point probe setting. 

l-figh inipedance current is supplied by the source connected to outer two probes 1 and 

4.The potential difference is measured by the voltmeter connected across the inner two 

probes 2 and 3 to detennine the resistivity of sample. Usually spacing ( s = Imm) is 

adjusted between four probcs.[62-631 

Due to the high input impedance of volt~neter in the circuit, the current doesnot draw 

through inner probes. And the unwanted potential drop cause by contact resistance between 

the contacts 2,3 probe and sample is eliminated by measuring the potential difference. The 

resistivity can be formulated by a forrnula mentioned below. 



- - - - - - - - - - - - - - - 

3.4.1 Measuring resistance of MTJ by Four point Probe method: 

For measuring current in plane tunneling properties of MTJ's like high TMR, low RA 

product and electronic structure etc, the useful and effective way is four point probe method. 

Four small probes are placed on the top ofjunction stack as shown in fig (3.7).Current 

is sent by outer two probes and the potential drop is measured by inner two probes to 

determine the resistance of junction.[64] 

1, 'L fl- 1 ., 

Fig 3.7 : Schematic representation of current in plane tunneling method by four point probe. 

A part of current also move cross the barrier and flow through the bottom electrode. 

Amount of current that flow tlirough bottom electrode depends upon the probe spacing, if the 

spacing is very close the all of the current flow only through the top electrode and if the 

spacing is large then the current in top and bottom electrode will flow in a proportion 

depending on probe spacing. So the distance between the probes is very important to adjust. 

The resistance of tunnel junction can sufficiently measure by varying the probe 

spacing, in this way characteristics of tunnel junction with different barrier thickness can be 

measured witliout analyzing the whole pattern of junction. 



barrier increases the mobility of s-type electrons which leads the spin current in magnetic 

t ~ ~ n ~ i e l  ju~iction 165-661. 

4.2 Fabrication Of Magnetic Tunnel Junction: 

Fabricating MTJ is done by Top-down method in which different steps like 

litliography,etching,lift off process etc are carried one by one. 

4.2.1 Step 1:  Fabrication of bottom electrode 

i) 

i i) 

iii) 

iv ) 

v > 

v i) 

vii) 

Positive resistor is pasted 01-1 sample to pattern botto~ii electrode. 

Spinning the sample for suitable time and speed to get uniform resistor 

distribution on sample 

I3alting the sample at 90C for time 1 min in order to get more uniformity of 

sample and also to remove inipuritiesl vapours from the surface of sample. 

UV mask lithography is used to paste strongly the resistor 011 the desired part so 

that it is protected during etching process. 

Resistor exposed to the UV light of suitable wavelength becomes unstable and 

easily removed after developing in a photo developer for time 35-40 sec and in 

watcr for time 20-25 sec. 

Etching is used to remove unnecessary fil~ii, which are uncovered by the resistor. 

Altcr etching the sample is dipped in acetone and put in ultrasonic bath for some 

time in order to remove the resistor. 

So after finishing the first step successfully, the bottom electrode is composed 

Fig: 4.2 Shows the fabricated bottom electrode. 



4.2.2 Step 2: Fabrication of tunnel junction: 

In stcp 2 fabrication of MTJ is accomplished by pasting negative resistor on the 

sample. The negative resistor become unstable when exposed to UV light and then the region 

which is exposed to UV light is easily etched; as soon the etching is finished SiOz is 

deposited on the sample. As shown in below figure 4.3 

Fig 4.3: Appearance of  S i 0 2  depositions on the sample 

This helps to shield top electrode from bottom electrode and the junction. All the above 

stages are described in table 4.1 

Table 4. I Stages of  fabrication 

(a) Multilayers on substrate. 

(b) Sample after IJV lithography. 

(c) Etching process. 



(e) After liftoff process. 

4.2.3 Step 3: Fabrication of Top Electrode: 

After removing unnecessary S i02  by lift off process the Cu is deposited to pattern top 

electrode same as done in step 1. 

i) Positive resistor is pasted on sample to pattern top electrode. 

ii) UV mask lithography is used to paste strongly the resistor on the desired part so 

that it is protected during etching process. 

iii) Etching is used to remove unnecessary film, which are uncovered by the resistor. 

iv) After etching the sample is dipped in acetone and put in ultrasonic bath for some 

time in order to remove the resistor. 

I 1 I 
Fig 4.4: (a) left shows sample before dipped in acetone. (b) Right shows sample after dipped in acetone 

4.3 Transport Properties of CoFeBIAl-OIFeB: 

4.3.1 TMR Ratio in A102 Based Magnetic Tunnel Junction: 

To ca lc~~la te  the TMR ratio of SBMTJ structure which is deposited on Si02 substrate 

we use four probe technique by applying small dc biased potential difference of + lmV at 

room temperature and measured the junction resistance that depends upon the applied 

external field along the plane of MTJ. 



Fig: 4.5 Resistance Curve of SBMTJ before MF annealing at room temperature. 

Exchange bais for Pinning of ferromagnetic layer: 

Figure 4.5 describes the tunneling magneto resistance value that is 24% before 

magnetic field annealing when electrodes are aligned parallel or anti-parallel state and the 

curve clearly explain the switching of free electrode. The switching field of two 

Ferromagnetic electrodes are different and depends upon it coercivities. After fixing the 

orientation of tixedlpinned layer the magnetic field is applied in the plane and flips the 

orientation of free layer either parallel or anti parallel position. To avoid the orientation of 

pinned layer the anti-ferromagnetic layer is used for exchange coupling effect and this effect 

helps to find rnaxinlum resistance. 

4.3.2 Magnetic Field Annealing Effects in CoFeBIAl-OICoFeB MTJ: 

In figure 4.6 it is observed after annealing the sample at 265C which is optimized 

temperature in the presence of 400 Oe magnetic field. The value of TMR ratio increases from 

24% to 38% in the same applied conditions due to the following factors, 

(i) Improvement of ferromagnetic layerlbarrier interface. 

(ii) Enhancement of the magneto crystalline anisotropy of magnetic layers. 

(iii) Tunneling of mobile electrons 



Magnetic Field Annealing 
HAnn= 4000e 

Temperature =265 4 
TMR=38% 

Fig 4.6 TMR curve at room temperature after MF annealing 

4.4 I-V Characteristic Curve: 

Fig 4.7 Non-Linear IIV curve of SBMT.1 at room temperature for anti-parallel state. 

We use four probe technique and measured the resistance of SBMTJ in anti-parallel 

state at room temperature by plotting I/V curve and obtained a nonlinear graph by measuring 

potential difference across the junction. The IV curves are measured at room temperature to 



determine the resistance of MTJ's, moreover it is observed from the 1V curves that the curve 

is nonlinear which shows that the resistance is non ohmic and also justifies the tunneling 

process in MTJ's. This kind of trend in IV curves can be fitted well with the Simmon's 

model. The figure 4.7 above shows the I/V curve of SBMTJ. 



Conclusion 

Magnetic Tunnel Junctions Ru5(73.4s)/Ci120(132s)/Ru5(73.4s)/IrMn 1 0(176s)/CoFe2.5(47~) 

IRuO. 8(12s)/CoFe133(69s)lAllnm-0x(60s)/CoFeB4(91s)/Ru 1 0(146.8s)Ta5(8 1 s) ICoFe8 

(1 49.5s)/IrMn1 0(176s)/Ta3(48.8~) have been prepared by magnetron sputtering systemJon 

beam etching and photolithography on SiOz substrate in a base pressure of P= 10-'Torr. 

The IV curves and Tunneling Magnetoresistance (TMR) are measured at room temperature 

with the help of four point probe method. It is observed from IV curves that the resistance of 

the MTJ is -1 15R. The TMR of the MTJ is found to be 24% when a magnetic field of 300 

Oe is applied in the plane of MTJ at room temperature. The MTJs were annealed in the 

magnetic field H,,,,,=400 Oe at Temperature =265"C for one hour. It is interestingly observed 

that TMR increases from 24%. to 38%. The increase in TMR is attributed to smoothening of 

the interface and crystallinity of the ferromagnetic layers. Beside this IV curves are fitted 

with the Simon's model. The experimental values from the IV curve are fitted well with the 

model and barrier height is found in the range of few eV 
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