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ABSTRACT 

Spintronics devices are now being designed and manufactured under two broad 

categories. The first one involves the development of novel materials with increased 

spin polarisation and improved magnetic properties to perfect the existing giant 

magnetoresistance (GMR) and tunnel magnetoresistance (TMR)-based technologies. 

To accomplish this, an important physical phenomenon of "exchange bias" is utilised 

in the magnetic tunnel junctions (MTJs) in which an antiferromagnetic (AF) layer is 

placed in contact with one of two ferromagnetic (FM) layers, because of which the 

magnetization of this FM layer does not respond to external fields. Thus, exchange 

bias involves the fixing of magnetization of one of the two FM layers (i.e., pinning of 

spins of FM) by exchange coupling at the interface of the AF/FM layer, which is the 

motivation for this thesis work. The second kind of endeavour is dedicated to how to 

improve or modify the design of devices so that spin filters work better on 

transportation from one layer to another layer in a device. 

Spintronics has advanced the field of magnetoresistance random access memories 

(MRAMs) by developing Spin Transfer Torque (STT)-based MRAMs, or STT-

MRAMs, which manipulate and switch the magnetic moments using electric current. 

The read/write speed of spintronic devices is approaching the GHz range of 

frequencies because of fast growth, and the magnetization dynamics of thin magnetic 

films is becoming a significant part of device performance. As a result, the design of 

future generation spintronic devices is based on magnetization dynamics. 

Ferromagnetic resonance (FMR) is a critical approach for realising the STT 

mechanism and magnetization dynamics in ferromagnetic/nonmagnetic (FM/NM) 

heterostructures. In the present thesis work, we have studied the different types of 

magnetic anisotropy specifically exchange bias phenomena in Cobalt (Co) thin films. 
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Firstly, the thickness dependent (10-60 nm), static and dynamical magnetic properties 

of Co thin films are investigated. For all the samples, uniaxial magnetic anisotropy is 

found to be dominant over cubic anisotropy. This study confirms the unique role of 

deposition geometry on the magnetic anisotropy and damping in Co thin films. After 

investigating this, we have done the detailed study of interface behaviour of IrMn/Co 

system through exchange bias phenomenon. A high value of exchange bias is 

obtained at room temperature, without applying any magnetic field during growth. 

This type of behavior of exchange bias field (HE) with thickness of cobalt layer (tCo) 

can be linked to the structural quality of Co-layers and the interface between Co and 

IrMn layers. The HEB is found to increase by a huge margin of 215% dynamically 

(measured through FMR) and 313% statically (measured through MOKE) with the 

reduction in Co thickness from 20 nm to 6 nm. In particular, we have also studied the 

spin-pumping phenomena in IrMn/Co due to the influence of strong spin-orbit 

coupling in IrMn through FMR measurements. The higher value of effective damping 

constant (eff) in IrMn(10nm)/Co(tCo=10nm)/Si as compared with intrinsic damping 

constant αCo of reference sample Al(2.5nm)/Co(10nm) is attributed to occurrence of 

spin pumping phenomena IrMn(10nm)/Co(tCo)/Si system.  

In addition to this, the study covers influence of growth rate on structural, magnetic 

and transport properties of NiFe thin films grown at different sputtering power. The 

NiFe films are found to be of polycrystalline nature with fcc-structure with quite 

smooth with interface roughness <1 nm. Energy Dispersive X-ray spectroscopy 

(EDX) mapping of the samples conclusively suggest the continuous and uniform 

growth of the films. Magnetization dynamics properties of single layer NiFe thin 

films are very sensitive to the growth rate. For all the samples, the values of effective 

magnetization (Meff) are found to lie below 0.9T, which are smaller than the bulk 
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saturation magnetization value (~ 1.00T) of NiFe. At lower temperatures, the 

dominant scattering mechanism is the electron-magnon (e-m) scattering while that for 

the high temperature regime is the electron phonon (e-p) scattering. 

Thus, the work done for this thesis links the relation between the growth and spin 

dynamic properties of various FM and FM/NM heterostructures. Additionally, it 

provides a fundamental understanding about the interfacial effects like exchange bias 

phenomenon and spin-pumping that occur in AF/FM interfaces. This work will be 

very important for the optimization of the materials used in actual implementation of 

spintronics memory. 
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साय 
स्ऩिंट्रोननक्स उऩकयणों को अफ दो व्माऩक शे्रणणमों के तहत डडजाइन औय ननर्भित 

ककमा जा यहा है। ऩहरे वारे भें भौजूदा जामिंट भैग्नेटोयेर्स्टेंस (GMR) औय टनर 

भैग्नेटोयेर्स्टेंस (TMR)-आधारयत तकनीकों को सही कयने के र्रए फढे हुए स्ऩन 

ध्रवुीकयण औय फेहतय चुिंफकीम गुणों के साथ नॉवेर साभग्री का ववकास शार्भर है। 

इसे ऩूया कयने के र्रए,"एक्सचेंज फामस" की एक भहत्वऩूणि बौनतक घटना का 

उऩमोग भैग्नेटटक टनर जिंक्शन (MTJ) भें ककमा जाता है सजसभें एक 

एिंटीपेयोभैग्नेटटक (AF) ऩयत को दो पेयोभैग्नेटटक (FM) ऩयतों भें से एक के सिंऩकि  भें 

यखा जाता है, सजसके ऩरयणाभ्वरूऩ इस AF का चुिंफकीमकयण होता है। ऩयत फाहयी 

ऺेत्रों ऩय प्रनतकरियमा नहीिं कयती है। इस प्रकाय, एक्सचेंज फामस भें AF/FM ऩयत के 

इिंटयपेस ऩय एक्सचेंज फामस कऩर्रिंग द्वाया दो FM ऩयतों (मानी, AF के स्ऩन की 

वऩननिंग) भें से एक के चुिंफकीमकयण को एक औय अराइन कयना शार्भर है, जो इस 

थीर्सस कामि के र्रए प्रेयणा है। दसूये प्रकाय का प्रमास उऩकयणों के डडजाइन को 

सुधायने मा सिंशोधधत कयने के र्रए सभवऩित है ताकक स्ऩन कपल्टय डडवाइस भें एक 

ऩयत से दसूयी ऩयत तक ऩरयवहन ऩय फेहतय काभ कय सकें । 

स्ऩनट्रोननक्स ने स्ऩन ट्रािंसपय टॉकि  (STT) आधारयत एभआयएएभ (MRAM), मा 

एसटीटी-एभआयएएभ (STT-MRAM) ववकर्सत कयके भैग्नेटोयेर्स्टेंस यैंडभ एक्सेस 
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भेभोयी (MRAM) के ऺेत्र को उन्नत ककमा है, जो ववद्मुत प्रवाह का उऩमोग कयके 

चुिंफकीम ऺण भें हेय-पेय औय स्वच कयता है। तेजी से ववकास के ऩरयणाभ्वरूऩ 

स्ऩिंट्रोननक उऩकयणों की यीड / याइट की गनत आववृिमों की गीगाहर्टिज येंज तक ऩहुिंच 

यही है, औय ऩतरी चुिंफकीम कपल्भों की चुिंफकीमकयण गनतशीरता डडवाइस के प्रदशिन 

का एक भहत्वऩूणि टह्सा फन यही है। नतीजतन, बववष्म की ऩीढी के स्ऩिंट्रोननक 

उऩकयणों का डडजाइन चुिंफकीमकयण गनतशीरता ऩय आधारयत है। पेयोभैग्नेटटक 

येजोनेंस (FMR), पेयोभगै्नेटटक/नॉनभैग्नेटटक  (FM/NM) हेट्रो्ट्रक्चय भें एसटीटी 

भैकेननज्भ औय भैग्नेटाइजेशन डामनार्भक्स को साकाय कयने के र्रए एक भहत्वऩूणि 

दृसष्टकोण है। वतिभान थीर्सस कामि भें, हभने ववर्बन्न प्रकाय के चुिंफकीम अननसोट्रॉऩी 

का अध्ममन ककमा है, ववशषे रूऩ से कोफाल्ट (Co) ऩतरी कपल्भों भें एक्सचेंज फामस 

का आदान-प्रदान ककमा है। सफसे ऩहरे, भोटाई ऩय ननबिय (10-60 nm), सह ऩतरी 

कपल्भों के स्थय औय गनतशीर चुिंफकीम गुणों की जािंच की जाती है। सबी नभूनों के 

र्रए, क्मूबफक अननसोट्रॉऩी ऩय मूननसेसक्समर भैग्नेटटक अननसोट्रॉऩी प्रभुख ऩामा गमा 

है। मह अध्ममन ऩतरी कपल्भों भें चुिंफकीम अननसोट्रॉऩी औय डसै्ऩिंग ऩय जभाव 

ज्मार्भनत की अनूठी बूर्भका की ऩुसष्ट कयता है। इसकी जािंच कयने के फाद, हभन े

एक्सचेंज फामस घटना के भाध्मभ से IrMn/Co र्स्टभ के इिंटयपेस व्मवहाय का 

वव्ततृ अध्ममन ककमा है। ववकास के दौयान ककसी बी चुिंफकीम ऺेत्र को रागू ककए 

https://www.shabdkosh.com/hi/dictionary/hindi-english/%E0%A4%B9%E0%A5%87%E0%A4%B0-%E0%A4%AB%E0%A5%87%E0%A4%B0/%E0%A4%B9%E0%A5%87%E0%A4%B0-%E0%A4%AB%E0%A5%87%E0%A4%B0-meaning-in-english
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बफना कभये के ताऩभान ऩय एक्सचेंज फामस का एक उच्च भूल्म प्राप्त होता है। 

कोफाल्ट ऩयत (tCo) की भोटाई के साथ एक्सचेंज फामस ऺेत्र (HE) के इस प्रकाय के 

व्मवहाय को सह-ऩयतों की सिंयचनात्भक गुणविा औय Co औय IrMn ऩयतों के फीच 

के इिंटयफेस से जोडा जा सकता है। एक्सचेंज फामस ऺेत्र 20nm से 6 nm तक 

भोटाई भें कभी के साथ गनतशीर रूऩ से 215% (FMR के भाध्मभ से भाऩा गमा) 

औय 313% स्थय रूऩ से (MOKE के भाध्मभ से भाऩा गमा) के फड ेअिंतय से फढा 

हुआ ऩामा गमा है। ववशषे रूऩ से, हभने FMR भाऩन के भाध्मभ से IrMn भें 

भजफूत स्ऩन-ऑबफिट कऩर्रिंग के प्रबाव के कायण IrMn/Co भें स्ऩन-ऩिंवऩिंग घटना 

का बी अध्ममन ककमा है। IrMn(10nm)/Co(tCo=10nm)/Si भें प्रबावी डसै्ऩिंग 

स्थयािंक (eff) का उच्च भूल्म सिंदबि नभूना Al(2.5nm)/Co(10nm) के आिंतरयक 

डिंवऩिंग स्थयािंक αCo की तुरना, के र्रए IrMn(10nm)/Co(tCo)/Si भें स्ऩन ऩस्ऩिंग 

घटना प्रणारी का होना सज्भेदाय है। 

इसके अरावा, अध्ममन भें अरग-अरग ्ऩटरयिंग ऩावय ऩय ववकर्सत NiFe ऩतरी 

कपल्भों के सिंयचनात्भक, चुिंफकीम औय ऩरयवहन गुणों ऩय ववकास दय के प्रबाव को 

शार्भर ककमा गमा है। NiFe कपल्भें fcc-सिंयचना के साथ ऩॉरीकरिय्टराइन प्रकृनत की 

ऩाई जाती हैं, इिंटयफेस खयुदयाऩन <1 nm के साथ कापी धचकनी होती हैं। एनजी 

डड्ऩर्सिव एक्स-ये ्ऩेक्ट्रो्कोऩी (EDX) नभूनों की भैवऩ िंग कपल्भों के ननयिंतय औय 
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सभान ववकास का ननणािमक रूऩ से सुझाव देती है। एकर ऩयत NiFe ऩतरी कपल्भों 

के चुिंफकत्व गनतकी गुण ववकास दय के प्रनत फहुत सिंवेदनशीर होते हैं। सबी नभूनों 

के र्रए, प्रबावी चुिंफकीमकयण (Meff) के भान 0.9T से नीच ेऩाए जाते हैं, जो NiFe 

के सिंतसृप्त चुिंफकीमकयण भूल्म (~1.00T) से छोटे होते हैं। कभ ताऩभान ऩय, प्रभुख 

प्रकीणिन तिंत्र इरेक्ट्रॉन-भैग्नॉन (e-m) ्कैटरयिंग  है, जफकक उच्च ताऩभान शासन के 

र्रए इरेक्ट्रॉन पोनन (e-p) ्कैटरयिंग है। 

इस प्रकाय, इस थीर्सस के र्रए ककमा गमा कामि ववर्बन्न FM औय FM/NM 

हेटयो्ट्रक्चय के ववकास औय स्ऩन गनतशीर गुणों के फीच सिंफिंध को जोडता है। 

इसके अनतरयक्त, मह AF/FM इिंटयपेस भें होन े वारे एक्सचेंज फामस घटना औय 

स्ऩन-ऩिंवऩ िंग जैसे इिंटयपेर्समर प्रबावों के फाये भें भौर्रक सभझ प्रदान कयता है। 

स्ऩिंट्रोननक्स भेभोयी के वा्तववक कामािन्वमन भें उऩमोग की जाने वारी साभधग्रमों के 

अनुकूरन के र्रए मह कामि फहुत भहत्वऩूणि होगा। 

  



 

 

xi 
 

TABLE OF CONTENTS 

 

CONTENTS 
PAGE 

NO. 

CERTIFICATE i 

ACKNOWLEDGEMENTS ii 

ABSTARCT iv 

CONTENT xi 

LIST OF FIGURES xiii 

LIST OF TABLES 

LIST OF ABBREVIATIONS 

xvii 

xviii 

 

Chapter 1: Introduction 1 

1.1. Spintronics: Overview 

1.2. Magnetic Anisotropy 

1.3. Exchange Bias Anisotropy 

1.3.1. Basic phenomenology 

1.3.2. Exchange bias models 

1 

4 

8 

9 

14 

1.4. Current status of Exchange Bias Field 

1.5. Magnetization relaxation in Ferromagnets  

1.5.1. Magnetization Dynamics and damping parameter 

1.5.2. Spin pumping: non-local damping  

1.6. Choice of Materials and Status Review    

1.7. Motivation of Present Work     

1.8. Objectives of the Research Work   

1.9. Thesis Plan                         

18 

19 

19 

22 

24 

25 

27 

28 

Chapter 2: Thin Film Deposition and Characterization 

Techniques 

30 

2.1 Thin Film Deposition: Pulsed DC Magnetron Sputtering 30 

2.2 Characterization Techniques 33 

2.2.1  Energy Dispersive X-ray Spectroscopy 33 

2.2.2 X-Ray Diffraction 

2.2.3 X-Ray Reflectivity 

35 

37 

2.2.4 Magneto-optical Kerr Effect 41 

2.2.4 Physical Property Measurement System: Vibrating 

Sample Magnetometer 
44 

2.2.5 Ferromagnetic Resonance Spectroscopy 45 

Chapter 3: Investigation of magnetic anisotropy and 

damping in obliquely sputtered Cobalt thin 

 

48 



 

 

xii 
 

films 

3.1 Introduction 48 

3.2. Experimental Details 49 

3.3 Results and Discussion 50 

3.4 Conclusions 59 

Chapter 4: Large exchange bias and spin pumping in 

ultrathin IrMn/Co system for spintronic 

device applications 

 

61 

4.1 Introduction 61 

4.2 Experimental Details 63 

4.3 Results and Discussion 64 

4.4 Conclusions 80 

Chapter 5: Effect of the Growth Rate on the Structural, 

Magnetic and Transport Properties of NiFe 

thin films 

 

81 

5.1 Introduction 

5.2 Experimental Details 

81 

82 

5.3 Results and Discussion 84 

5.4 Conclusions 96 

  

Chapter 6: Summary and Outlook  

98 

6.1 Major Outcomes of the Thesis 98 

6.2 Scope for Future Work 99 

 

REFERENCES 101 

LIST OF PUBLICATIONS 125 

AUTHOR'S BIOGRAPHY 127 

 

  



 

 

xiii 
 

LIST OF FIGURES 

 

 

Fig. 

No. 

Figure 

Caption 

Page 

No. 

 Chapter 1  

1.1 Diagram showing storage and performance speed of different 

stages of current memory hierarchy.  

2 

1.2 Diagram illustrates the exchange bias (EB) phenomenon.  

The EB effects have been reported in a diverse assortment of 

magnetic systems that make use of a variety of interfaces. In 

this fig., FM stands for ferromagnet, FI stands for 

ferrimagnet, AF stands for antiferromagnet, SG is for spin-

glass, and PM stands for paramagnet. 

9 

1.3 Schematic diagram representing spin configuration of 

exchanged coupled FM/AF bilayer at different stages of 

shifted hysteresis loop as the field is cycled. 

11 

 

1.4 (a) A description of the dynamics of magnetization occurring 

in ferromagnetic thin films, together with the various torques 

that occur during FMR. (b) FMR absorption spectra of 

ferromagnetic thin film represented in terms of resonance 

field (Hr), and linewidth (ΔH) in the upper panel of this 

figure, and its derivative in the lower panel of this figure. 

21 

1.5 Schematic showing spin pumping phenomena through the 

flow of spin current at the FM/NM interface. 

23 

 Chapter 2  

2.1 (a) Schematic of Oblique angle deposition Sputtering system; 

and (b) Real image of pulse dc magnetron sputtering system 

with load-lock facility. 

32 

2.2 (a) Schematic Diagram showing the working of EDX 

spectroscopy; and (b) EDX spectra of NiFe/Al thin films. 

33 

2.3 (a) Measurement geometry of X-Pert PANanlytical X-ray 

Diffractometer with various components; and (b) Schematic 

view of diffraction geometry of X-ray scattering for Bragg‘s 

Law from parallel atomic planes. 

36 

2.4 Schematic of XRR scattering geometry. 39 

2.5 XRR profile of 40 nm thick Co film deposited on Si (100) 

substrate. The influences of each parameter, e.g., roughness, 

layer thickness, and layer density on the profile/line-shape are 

qualitatively shown. 

40 

2.6 (a) Transverse (Left), (b) Longitudinal (centre) and (c) Polar 

geometries of MOKE set-up. 

42 

 

2.7 

(a) Schematic of Longitudinal geometry-based MOKE 

measurements setup; and (b) Pictorial view of used home-built 

MOKE experimental set-up for static magnetic measurements. 

43 

2.8 

 

 

 

(a) PPMS Model 6000 Evercool II (Left), Inner view of VSM 

assembly (centre) and (b) PPMS Probe with its inner view 

from Quantum Designs PPMS setup. 

45 

 



 

 

xiv 
 

2.9 (a) Experimental LIA-FMR setup that is employed for 

ferromagnetic resonance measurement in the Thin Film 

Laboratory at IIT Delhi; and (b) Schematic depiction of the 

LIA-FMR system 

46 

  

Chapter 3 

 

3.1 (a) The GIXRD spectra of Al(3.5 nm)/Co(tCo)/Si bilayer thin 

films. (b) XRR patterns of Al(3.5 nm)/Co(tCo)/Si bilayer thin 

films. The symbols are experimental data and solid red lines 

are the simulated fits to the experimental data. (c) Variation in 

the crystallite size of the Co films as a function of tCo. 

51 

3.2 (a) Magnetization hysteresis loops of the 

Al(3.5nm)/Co(tCo10-60 nm)/Si bilayers recorded at room 

temperature along the easy axis using L-MOKE 

measurements, (b) 0HC vs. tCo of Al(3.5nm)/Co(tCo10-60 

nm)/Si bilayers extracted from the M-H loops. Lines 

connecting data points (open symbols) are guide to the eye. 

53 

3.3 Angular dependence of (a) μ0Hc and (b) Mr/Ms, respectively, in 

polar form for Al (3.5 nm)/Co(tCo)/Si bilayer thin films. Both 

Mr/Ms and Hc are obtained from the L-MOKE magnetization 

loops recorded at a -interval of 10º. 

54 

3.4 FMR spectra recorded at different microwave frequencies (8-

12 GHz) for Al(3.5nm)/Co (tCo=10 nm)/Si bilayer thin film. 

The symbols represent experimental data while lines are the 

fits. 

55 

3.5 (a) Frequency (f) versus resonance field (µ0Hr) for all the 

samples. The coloured symbols are the resonance field values 

extracted from the FMR spectra and the coloured lines are the 

fittings using equation (3.2). Variation in µ0Meff with (b) tCo 

and (c) 1/tCo. 

56 

3.6 (a) Frequency (f) dependent linewidth (μ0ΔH) for 

Al(3.5nm)/Co(tCo=10-60nm)/Si films. The coloured symbols 

are the linewidth values extracted from the FMR spectra and 

the coloured lines are the fitting using equation (3.4). Variation 

in effective damping constant (αeff) with tCo (b) and 1/tCo (c). 

57 

3.7 (a-d) In-plane angular variation of µ0Hr vs. H in the Al(3.5 

nm)/Co(tCo=10-60 nm)/Si films  at 8 GHz frequency. 

 

59 

 Chapter 4  

4.1 (a) The GIXRD spectra of IrMn(10 nm)/Co(tCo)/Si bilayer thin 

films with Co thickness variation, (b) Variation of Crystallite 

size of the IrMn layer as a function of tCo, and (c) XRR 

patterns of bilayer IrMn(10 nm)/Co(tCo)/Si thin films. The 

symbols are experimental data and solid red lines are 

simulated fit to experimental data. 

65 

4.2 (a) Schematic of the oblique angle deposition sputtering 

geometry. (b) Schematic showing various defining angles in 

context to L-MOKE and FMR measurements on the 

IrMn(10nm)/Co(tCo=6-20nm)/Si film samples. (c) L-MOKE-

68 



 

 

xv 
 

Magnetization hysteresis loops of IrMn(10nm)/Co(tCo6-20 

nm)/Si bilayer thin films at room temperature. (d) 0HE vs. tCo 

and (e) 0HC vs. tCo of IrMn(10nm)/Co(tCo6-20 nm)/Si 

bilayer thin films calculated from M vs. H loop. 

4.3 Normalized Kerr signal vs. 0Hdc hysteresis loops of the 

IrMn(10nm)/Co(10nm)/Si thin film at different azimuthal 

angles. 

69 

4.4 (a-e) Exchange bias field, µ0HE and (f-j) coercive field, µ0HC 

as a function of azimuthal angle  for IrMn (10nm)/Co (tCo6-

20 nm)/Si bilayer thin films at room temperature using L-

MOKE-MH measurements. 

73 

4.5 The f vs. µ0Hr plots of the IrMn(10nm)/Co(tCo=3-20nm)/Si 

bilayers. Open symbols are the recorded data points and solid 

lines are the fits using Kitttel‘s equation. 

74 

4.6 In-plane angular variation of µ0Hr vs.  in the IrMn(10 

nm)/Co(tCo= 6-20 nm)/Si films (a-e) and the reference sample 

Al(2.5 nm)/Co(10 nm)/Si film  at 8 GHz frequency. 

75 

4.7 The µ0HE vs. 1/tCo behavior of IrMn (10 nm)/Co (tCo=6-

20nm)/Si system measured by using two different techniques 

(MOKE and FMR). The open symbols are the observed data 

points, and solid lines are merely guide to the eye. 

77 

 

4.8 ΔH vs. f (b)eff vs. 1/tCo plots of IrMn(10nm)/Co(tCo=6-

20nm)/Si films. Open symbols represent the experimental data 

points and solid lines represent the fits using the corresponding 

equations. 

 

Chapter 5 

80 

5.1 (a) The GIXRD spectra of Si/SiO2/NiFe/Al thin films in which 

NiFe layer is sputtered at deposition power (PDC(W)). The 

variation in (b) Lattice parameter and (c) Crystallite size of the 

NiFe layer as a function of PDC(W). 

85 

5.2 (a) Experimental and simulated fitted XRR spectra for all the 

samples. The colored open symbols are the experimental data, 

and the red solid lines are the simulated fitting. (b) The 

variation in interface width and density of the NiFe layer as a 

function of PDC. (c) Atomic % of Ni and Fe and their ratio for 

all the film samples. (d) A representative EDX mapping of the 

P70 sample suggesting the uniform growth. The red, blue and 

green color dots in the EDX map represent the elements Al, Ni 

and Fe, respectively. 

86 

5.3 (a & b) Topographical AFM images for selected samples P70 

and P80. (c) Variation of interface width and surface 

roughness as a function of PDC determined from XRR and 

AFM measurements, respectively. 

89 

5.4 (a) M-H hysteresis loops of the grown samples. For clarity, 

data only up to ±5 mT is shown. (b) The variation in coercivity 

as a function of PDC 

90 

5.5 (a & b) FMR spectra recorded at different microwave 

frequencies f (4-8 GHz) for representative samples P50 and 

92 



 

 

xvi 
 

P70, respectively (data for P60 and P80 sample, and also at 

higher frequency not shown here for brevity). (c) f versus µ0Hr 

and (d) f versus      variations for all the samples. The 

colored symbols are the µ0Hr and       values extracted from 

the FMR spectra, and the colored lines are the fitting using 

equation (5.3) and (5.4), respectively. (e & f) Variation in 

µ0Meff and αeff for all the samples plotted as a function of PDC, 

5.6 Representative (T) variation for the NiFe(13nm) films 

sputtered at different growth rates, fitted with equation (5.6). 

The symbols represent the experimental data and lines are fit 

using equation (5.6). 

94 

5.7 Representative (T) variation for the P70 and P80 samples, 

fitted with equation (5.7) for low temperature regime (a & b), 

and with equation (5.8) for high temperature regime (d & e). (c 

& f) show the variation in the different scattering contributions 

    ( )       ( ) for P50 film in the R-1 and R-2 regimes, 

respectively. 

95 

  



 

 

xvii 
 

LIST OF TABLES 

 

 

Table 
No. 

Table 
Caption 

Page 
No. 

3.1 XRR simulated fit parameters of Al(3.5 nm)/Co(tCo)/Si thin 

films. 

52 

3.2 Fitted parameters µ0H2 and µ0H4 of Al(3.5 nm)/Co(tCo)/Si thin 

films. 

58 

4.1 Individual layer‘s density (ρ), thickness (t) and roughness (σ) in 

the IrMn(10nm)/Co(tCo)/Si samples as obtained from the 

simulation of their experimental specular-XRR profiles. 

66 

4.2 Comparison of the interfacial exchange energy JK, of the 

different studied exchange bias couple systems: 

70 

4.3 Fitted parameters µ0HE and µ0HK of IrMn(10 nm)/Co(tCo)/Si thin 

films 

78 

5.1 Film growth parameters and the sample details: 83 

5.2 Simulated values of thickness (t), interface width (σ) and density 

(ρ) of the individual layers in each of the four samples, modelled 

as Si/SiO2/NiFe/Al/Al2O3 

87 

 

5.3 The Ni to Fe ratio calculated from EDX mapping in each of the 

four samples grown at different DC sputtering power. 

88 

 

5.4 Residual resistivity     values and coefficients of different 

scattering contributions in regime R-1 (25–150 K) and R-2 

(151–300 K) for all the NiFe films sputtered at different DC 

power. 

       96 

  



 

 

xviii 
 

LIST OF ABBREVIATIONS 

 

ABBREVIATIONS DEFINITION 

MRAM Magnetic random-access memory 

STT Spin transfer torque 

SOT Spin orbit torque 

MTJ Magnetic tunnel junction 

GMR Giant magneto resistive effect 

TMR Tunnel magnetoresistance 

FM Ferromagnetic 

NM Non-magnetic 

AF Antiferromagnetic 

FMR Ferromagnetic resonance 

MOKE Magnetic optic kerr effect 

UMA 

MCA 

PMA 

Uniaxial magnetic anisotropy 

Magneto-crystalline anisotropy 

Perpendicular magnetic anisotropy 

 

  




