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PREFACE

Exciting developments in magnetic materials research started with the
computer revolution in the late 1950s and the more recent quantum leap
beginning around 1990 associated with the electron’s quantum property-
spin based electronics or simply Spintronics. The field of spintronics was
largely triggered with both Albert Fert’s and Peter Griinberg’s indepen-
dent and simultaneous pioneering discovery of Giant Magnetoresistance
(GMR) in 1988. Another breakthrough in spintronics came from both Slon-
czewski’s and Berger’s independent prediction of Spin transfer torque in
1996. The spin transfer torque arises due to an exchange interaction and
angular momentum transfer between the injected spin polarized ‘itiner-
ant’ electrons and the local moments in the ferromagnet, when the cur-
rent passes through the ultrathin ferromagnetic films separated by a non-
magnetic metal. This spin transfer torque will switch the magnetization of
the free layer in the multilayer nanopillar structure for a sufficiently large
current. Spin transfer torque induced magnetization switching has re-
cently attracted much interest due to its potential applications in magnetic
random access memory (MRAM), fast programmable logic, high-density
magnetic storage devices, magnetic sensors and in high frequency devices
for telecommunications. Magnetic storage devices and magnetic sensors
based on GMR and Tunnelling Magnetoresistance (TMR) effects require
high quality multilayers constructed out of ultrathin ferromagnetic and
non-magnetic films. The performance of these devices strongly depend on
the morphological and structural properties of the films and their physical
characteristics. Among them, the crucial factor is the interlayer coupling
between the two ferromagnetic layers separated by a non-magnetic spacer.
Various interlayer coupling mechanisms have been reported. Among them,

pinhole coupling, orange peel coupling, biquadratic coupling and RKKY



coupling are important ones. These interlayer couplings play an impor-
tant role in the understanding of magnetization switching mechanism and
GMR of spin valves and TMR of magnetic tunnel junction structures.

The main objective of this work is to understand the physics of various
couplings especially orange peel coupling and biquadratic coupling and
their effect on the spin transfer torque induced magnetization switching.
Further, the reduction of critical current density and switching time are two
important issues in the development of potential applications. In order to
reduce the switching time, the effect of biasing on spin transfer torque
switching in the pentalayer nanopillar structure is additionally studied.
The magnetization dynamics and the switching process of the free layer
magnetization in nanopillar devices are basically nonlinear in nature and
is governed by the Landau-Lifshitz-Gilbert-Slonczewski (LLGS) equation
which is a highly nontrivial vector nonlinear evolution equation. By solv-
ing this LLGS equation, we can understand the underlying magnetization
dynamics. But, it can not be solved analytically in the more general case
due to its high nonlinear nature. In the time-independent case, the LLGS
equation is analytically solved to calculate the critical current density re-
quired to switch the magnetization. Then the full LLGS equation is solved
numerically by using Runge-Kutta fourth order procedure in each case
and from the numerical results we understand the effect of the interlayer
coupling and biasing on spin transfer torque switching.

The contents of thesis is divided into seven chapters in four parts.
The first two chapters forms the introductory part (Part I) which provide
the basis for our investigations. In Chapter 1, a brief introduction and
an overview of the magnetization switching process, details about vari-
ous methods available to achieve magnetization switching and important
magnetoresistance effects are presented. The dynamics of magnetization

switching can be understood from constructing appropriate model and the
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dynamical equation and the switching process can be understood from by
solving the equation. In Chapter 2, dynamical equation for magnetization
switching process is constructed.

The results of the investigations on the effect of interlayer coupling on
spin transfer torque switching in trilayer structure are presented in chap-
ters 3 and 4 under Part II. In Chapter 3, the impact of orange peel coupling
on spin torque magnetization switching in a trilayer nanopillar device is
investigated by solving the switching dynamics of magnetization of the
free layer governed by the LLGS equation. Chapter 4, concentrates on the
study of the effect of biquadratic coupling on spin torque switching in a
trilayer nanopillar structure.

Part III containing chapters 5 and 6 describes the results of our study on
the magnetization switching dynamics in a pentalayer nanopillar structure.
Chapter 5 deals in a greater detail with the numerical results about the role
of interlayer coupling (both orange peel coupling and biquadratic cou-
pling) on the magnetization switching in the pentalayer nanopillar. Chap-
ter 6 is devoted to the investigations on the effect of biasing for reducing
the switching time in the pentalayer structure.

Part IV consists of Chapter 7, which provides the summary and conclu-

sions of our investigations carried out in this thesis and the future outlook.

Tiruchirappalli
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Chapter 1

First Chapter of the Thesis

1.1 First Section

Hello, here is some text without a meaning. This text should show what
a printed text will look like at this place. If you read this text, you will
get no information. Really? Is there no information? Is there a difference
between this text and some nonsense like “Huardest gefburn”? Kjift — not
at all! A blind text like this gives you information about the selected font,
how the letters are written and an impression of the look. This text should
contain all letters of the alphabet and it should be written in of the original
language. There is no need for special content, but the length of words

should match the language.

1.1.1 Test Subsection

Hello, here is some text without a meaning. This text should show what
a printed text will look like at this place. If you read this text, you will
get no information. Really? Is there no information? Is there a difference
between this text and some nonsense like “Huardest gefburn”? Kjift — not
at all! A blind text like this gives you information about the selected font,
how the letters are written and an impression of the look. This text should
contain all letters of the alphabet and it should be written in of the original
language. There is no need for special content, but the length of words
should match the language.
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1.2 conclusion

Hello, here is some text without a meaning. This text should show what
a printed text will look like at this place. If you read this text, you will
get no information. Really? Is there no information? Is there a difference
between this text and some nonsense like “Huardest gefburn”? Kjift — not
at all' A blind text like this gives you information about the selected font,
how the letters are written and an impression of the look. This text should
contain all letters of the alphabet and it should be written in of the original
language. There is no need for special content, but the length of words

should match the language.



Chapter

Chapter Title Here

2.1 Main Section 1

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Aliquam ultricies
lacinia euismod. Nam tempus risus in dolor rhoncus in interdum enim
tincidunt. Donec vel nunc neque. In condimentum ullamcorper quam non
consequat. Fusce sagittis tempor feugiat. Fusce magna erat, molestie eu
convallis ut, tempus sed arcu. Quisque molestie, ante a tincidunt ullam-
corper, sapien enim dignissim lacus, in semper nibh erat lobortis purus.

Integer dapibus ligula ac risus convallis pellentesque.

2.1.1 Subsection 1

Nunc posuere quam at lectus tristique eu ultrices augue venenatis. Vestibu-
lum ante ipsum primis in faucibus orci luctus et ultrices posuere cubilia
Curae; Aliquam erat volutpat. Vivamus sodales tortor eget quam adipisc-
ing in vulputate ante ullamcorper. Sed eros ante, lacinia et sollicitudin et,

aliquam sit amet augue. In hac habitasse platea dictumst.

2.1.2 Subsection 2

Morbi rutrum odio eget arcu adipiscing sodales. Aenean et purus a est pul-
vinar pellentesque. Cras in elit neque, quis varius elit. Phasellus fringilla,
nibh eu tempus venenatis, dolor elit posuere quam, quis adipiscing urna

leo nec orci. Sed nec nulla auctor odio aliquet consequat. Ut nec nulla
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in ante ullamcorper aliquam at sed dolor. Phasellus fermentum magna in
augue gravida cursus. Cras sed pretium lorem. Pellentesque eget ornare
odio. Proin accumsan, massa viverra cursus pharetra, ipsum nisi lobortis

velit, a malesuada dolor lorem eu neque.

FiGure 2.1: Electron model

2.2 Main Section 2

Sed ullamcorper quam eu nisl interdum at interdum enim egestas. Ali-
quam placerat justo sed lectus lobortis ut porta nisl porttitor. Vestibu-
lum mi dolor, lacinia molestie gravida at, tempus vitae ligula. Donec eget
quam sapien, in viverra eros. Donec pellentesque justo a massa fringilla
non vestibulum metus vestibulum. Vestibulum in orci quis felis tempor
lacinia. Vivamus ornare ultrices facilisis. Ut hendrerit volutpat vulpu-
tate. Morbi condimentum venenatis augue, id porta ipsum vulputate in.
Curabitur luctus tempus justo. Vestibulum risus lectus, adipiscing nec

condimentum quis, condimentum nec nisl. Aliquam dictum sagittis velit
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sed iaculis. Morbi tristique augue sit amet nulla pulvinar id facilisis ligula
mollis. Nam elit libero, tincidunt ut aliquam at, molestie in quam. Aenean

rhoncus vehicula hendrerit.

2.3 conclusion

Hello, here is some text without a meaning. This text should show what
a printed text will look like at this place. If you read this text, you will
get no information. Really? Is there no information? Is there a difference
between this text and some nonsense like “Huardest gefburn”? Kjift — not
at all! A blind text like this gives you information about the selected font,
how the letters are written and an impression of the look. This text should
contain all letters of the alphabet and it should be written in of the original
language. There is no need for special content, but the length of words
should match the language.
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