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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 MRAMSs, 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 (Hg) with thickness of cobalt layer (tc,)
can be linked to the structural quality of Co-layers and the interface between Co and
IrMn layers. The Hgg 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 (aes) in IrMn(10nm)/Co(tc,=10nm)/Si as compared with intrinsic damping
constant ac, of reference sample Al(2.5nm)/Co(10nm) is attributed to occurrence of

spin pumping phenomena IrMn(10nm)/Co(tc,)/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 (M) are found to lie below 0.9T, which are smaller than the bulk



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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Eueifeed 3URUll & 319 & cggsh AT & dgd 3o 3Rk AT
frar T @1 §1 uge aret # AlSEl SRie AIAeRfAEH (GMR) 3R T
HIAREET (TMR)-3MRT Thellpl H T A & fw ¢ gu e

YARIOT AR SR YahIT O & ATY Aldel A H1 fahra mfder g

S8 [ A & foU,'Taddsl S8 #T Th Agcaqul Hifde Tear @
37ANT At TdAdl S (MTJ) & e amar & oad
TaRIATACH (AF) TR HF aF WHTAfesd (FM) Rl H & Teh & 9o

@l ST g, foed aRomeAEasy $6 AF &1 gaehigendor giam &1 W aredr

&Er o wfaferar J& Tl §1 39 YR, Tegdel 99 #§ AF/FM 93d &

SThT I TFHdS! I19H FHAfeldl garT & FM Wdl (I, AF & T&aer &r
fAfeer) & @ U & IIRFRIT T Th 3R oS FIAT MAST g, S 59
NEE FF & T Rom §l gE YR & T 3TRTN & B &

FURA I1 FAMRT A & U GATNT § drieh [B9eT fWhoey Basa & v

Wd ¥ @ WA deh IRa6 T 9§l SIH T Heh|

Reeioed o fue W i (STT) 3maRd A3 RTTH (MRAM), ar

THESE-TANRUTA (STT-MRAM) fa&fld &t ATaeRAEcT 57 g
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AARY (MRAM) & &1 &I 3eeid fohar 8, St faegd Jag &l 3U3NT aXeh
doehrg &707 H W AR Raa oXar g1 o & G & aRumaeasy
R 3wt i §i5 / Wee F AT IRt A MRS o @ g
W@ ¥, 3R ga e fredt 1 edrrERr afeiear sy ¥ veda

& Teh Hgcaqul f3Ear a7 @ g1 Aciiolasd, diasy 1 didr & Fugifas

3ual & fBomed gadrreer afasfear womaid g s
Sed (FMR), WRATATRCH/AlTHIATed  (FM/NM) geReFaR H TaECKeT

AhAed AR ARG SHATATH S AhR Hel & [T Teh Hgeaqor

TISEhIT §| doidAle NfAF w1 A, gAa AfFeeT R & gahrg i@

A T fhaT 8, TAAY T & Fidlec (Co) Tdell fhedAl & Taadsl S99
HT IET-Yel fhar §1 Tew ugdl, Alers W @R (10-60 nm), T gdell
fredl & fx 3R afoelie deher ot 6 S/ &r ol &1 wefr o3t &
foe, agfds sfaded W gfaafFaae Afes sfAaed gq@ g
gl TE AT gdelt oAl A gedhrg fEedr AR e W SEE

SATATY &I ST S{fAHT & giSe AT &1 HR ST A F a6, §H

TFgdsl §9F el & ATEIH F IrMn/Co B¥eH & Sclhyg IdgR &l

faEga sregae fhar g1 Ao & SRier fhdY sft geshra & &l &) fohe
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9T SAy & dYAE W TFH<S! ¥ & Th 3Td Hed Wiod 8idl gl

PETec W (tco) P AlCS & TTT TFAUS a9 &1F (He) & 50 IhR &

SHAER &l TE-Wcll T ALeAcHS UTaar 3R Co 3N IrMn TRl & s

& BT T ST ST Thdl gl TFadsl 999 &7 20nm & 6 nm d&
Al # FAT & Ty AfaleT §F F 215% (FMR & ATEIH & HAGT I1=T)
3R 313% R & & (MOKE & #IEIH & AT 3T) & a3 3R T §al
g3 9 I §l fAdY ¥ &, §Aq FMR #A9e & ATEIA F IrMn A
Ao FEUe-3ITde uflar & 9ed & HROT IrMn/Co # f¥uer-afdiar wear
a1 i 3eIIa AT g1 IrMn(10nm)/Co(tco=10nm)/Si & werar  3fFder
TERTF (o) T 3T Hed TG AT Al(2.5nm)/Co(10nm) & HicdReR
ST TR ac, @ e, & AT IrMn(10nm)/Co(tc,)/Si & TdeT gfFdar

eIl YUTTelr &l BleTT ToIFASR &l

g% 3ATdl, JEITA H 3eld-3cdT TIERIT Jiak W [Grf@d NiFe dadelr

fhedl & TXuelcas, gahra 3R aRage ol W A & & gsrma H

QMTAS ThaT 711 &1 NiFe Thed fcoTTTT & ATY Ulelishecarssl Yehid &

qr$ ST §, $ThE GEATd <1 nm & AT A R gl §1 weAolt

fFeafda vea-y EWagerdt (EDX) oot @1 Affer fheaAr & e 3k



AT faohre &1 AUiae §9 & gohig &l 1 Uehel W NiFe gdell fthoat
% Yaohed AT 0T fahmd &Y & 9id dgd ddeahel gl §1 Well e

& T, 8Tl IOl (Merr) & AT 0.9T & & 91T S &, St NiFe

& HJCT IR Hod (71.00T) & B g1 &1 A AT R, G749

JhIUT dF Soldcld-Haslled (e-m) THheRIT &, Jdfh 3Td digaATd qEd &

fAT sAFCTT BT (e-p) THeRaT &l

s YR, 39 NP & v Far = a7 [”’fde FM 3R FM/INM

geieeR & b 3R Ruet aifdeler i & oo d@aer & Shsdr &l

sqa JfaRed, I8 AF/FM SeThdg & gl ard Tagdel a9 "ear 3R

Rge-aftier S8 sehf@ae yaal & sR § #Hifoe aF7sr vee Far gl

Rgeifaey AAY & adfads FRT-aIT F 39T HI S arell AT &

3ieiele & T g $rd §gd Agcaqor gl
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