CONTENTS

LISt OF FIQUIES ... %
LISt OF TaDIES. ... e Xiii
GNP L. e 2
INtrOdUCHION. ... e e 2
1.1 Fundamentals of MagnetiSm ...........cccevviiiiiiieiiiie e 3
11,1 FerromagnetiSIm. ... .uueeeeee et et ettt et e eeeans 4
1.1.2 AntiferromagnetiSm. ......ooueineit et 6
1L 3 Ferrimagnetiom. ......oeiii i e 6
1.2 Magnetic ANISOtrOPY . .....orit it 6
1.2.1 Perpendicular Magnetic ANISOrOPY.........cviveiniiniiiiiiaieieeeene, 6
1.2.2 Estimation of Effective Magnetic Anisotropy Energy......................... 7

1.3 Magnetic Anisotropy of RE-TM and FePt-Based Alloys Thin Films: Literature
Review 8

1.3.1 Perpendicular Magnetic Anisotropy of RE-TM Alloys and Review on
Various Materials

........................................................................ 8
1.3.2 Magnetic Anisotropy of FePt and FePt-based Alloy Films and Review on
Various MaterialS. ... ... 12

1.4 Applications of RE-TM Ternary AlIOYS. ........ooviiiiiiiiiieieea, 18

1.5 Applications of FePt-based Alloy Thin Films..................coooiiiini. 20

1.6 Motivation and Objectives of the Present ThesisWork........................... 20

AT 2. . e 23
Experimental TeChNIQUES. ........oooeii e 23

2.1 Thin Film Growth: DC Magnetron Sputtering................ccoeeveiiiiiiinenn... 24

2.2 Study of Deposition Rate, Surface Roughness and Topography.................26
2.2.1 3D Optical Profilometer.............cooviiiiiiii e 26



2.2.2 AtoMIC FOIrce MICIOSCOPY .. .vue ettt et et et eaaans 27

2.3 Field Emission Scanning Electron MiCroSCopy..........ccovvvveiiiiininiennnnn 28
2.4 Energy Dispersive X-ray SPeCtroSCOPY......cuveririnieniiraieeeeeareeeneannn 30
2.5 Structural Characterization by X-ray Diffraction................................. 31
2.6 Magnetic Characterization...........c.oeveiiiiiii e, 33

2.6.1 Vibrating Sample Magnetometer.............coooiiiiiiiiiiiiie, 33

2.6.2 SQUID MagnetOmeter. ... ..c.vtet it 35
CNaEr 3. e 38
Magnetic Properties of CoTbNi Ternary Alloy Thin Films........................... 38
3.1 Fabrication of CoTbNi ternary alloy film on Glass and Si substrate............ 39
3.2 Optimization of Deposition Rate of the Films.........................cl 40
3.3 Composition Analysis by EDX.........oooiiiiii e 42

3.4 Surface Topography and Surface Roughness Measurement by 3D Optical
Profilometer

3.4.1 Surface Topography and Surface Roughness of As-deposited CoTbNi

3.4.2 Surface Topography and Surface Roughness of In-situ Post Annealed

COTBNI FIIMS. ... e, 51
3.4.3 Influence of Post annealing on Film Surface Roughness.................... 54
3.5 Crystal Structural Analysisby XRD..........coooiiiiiiiiiiieee, 54
3.5.1 Crystal Structure of As-deposited CoTbNi Thin Films...................... 54
3.5.2 Crystal Structure of In-situ Post-annealed CoTbNi Thin Films............ 55
3.6 Magnetic Properties of the CoTbNi Ternary Alloy Film......................... 56
3.6.1 M-H Measurement Results of As-deposited CoTbNi Films................. 56
3.6.2 M-T Measurement Results of As-deposited CoTbNi Thin Films........... 67

3.6.3 M-H Measurement Results of In-situ Post Annealed CoTbNi Thin



3.6.4 Influence of In-situ Post Annealing on Magnetic Property.................. 74

GNP -4 . e e 80
Magnetic Properties of FePtCo Ternary Alloy ThinFilms............................ 80
4.1 Fabrication of FePtCo Ternary Alloy ThinFilms...................cooi 81
4.2 Optimization of Deposition Rate of Each Target...............cccoooiiiiiiiiin, 82
4.3 Compositional Analysis by EDX.........oooiiiiiiiii e 84
4.4 Film Surface Roughness Measurement by Optical Profilometer................ 86

4.4.1 Surface Topography and Surface Roughness of As-deposited FePtCo

4.4.2 Surface Topography and Surface Roughness of in-situ annealed FePtCo
TN FIIMS. e 90

4.4.3 Surface Topography and Surface Roughness of Cu-underlayered FePtCo
TN FIIMS. e 94

4.5 X-ray Diffraction Measurement Results.................coooiiiiiiiiiin, 98
4.5.1 Room Temperature XRD Results of As-deposited FePtCo Thin Films....98

4.5.2 Room Temperature XRD Results of In-situ Annealed FePtCo Thin

IS, 104
4.5.4 Influence of Deposition Conditions on XRD Results....................... 106
4.6 Magnetic Properties of FePtCo Ternary Alloy ThinFilm....................... 107

4.6.1 Room Temperature M-H Measurement Results of As-deposited Thin

4.6.2 Room Temperature M-H Measurement Results of In-situ Annealed FePtCo
ThIN FIIMS. e 120

4.6.3 Room Temperature M-H Measurement Results of Cu-underlayered FePtCo
Thin FIImMS. ..o 127

4.6.4 Influence of Deposition Conditions on Magnetic Property................. 135



GNPl .. 140

Conclusions and FUUIE SCOPE. .......ovuirit e 140
5.1 CONCIUSIONS. ...t e 140
5.2 FULUIE SCOPE. ...ttt ettt et e 144
RETEIENCES. . . e 145
List of Papers Published in Journals and Conferences............................... 168






