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Abstract

Topological materials (TMs) belong to the class of quantum materials whose physical
properties, unlike the usual classical materials, cannot be explained by the theory of
spontaneous symmetry breaking. They are classified based on a topological invariant (v),
which is defined by the band structure topology. A material is considered topological if it has
a non-zero value of v, which can be induced by introducing high spin-orbit coupling (SOC) to
a previously non-topological material with v = 0. This can cause an inversion of conduction
and valence bands, leading to a quantum phase transition. During this transition, topological
surface states (TSSs) emerge, which exhibit unique properties such as Dirac Fermionic nature,
helical spin polarization, and forbidden backscattering of electrons. These states are symmetry
protected, making them robust against scattering off from the non-magnetic impurities.
Literature reviews on spin-orbit torque devices based on the heterostructure of TMs and
ferromagnets (FMs) suggest that TMs possess high values of spin-charge conversion
efficiency, which can exceed 50%, resulting in much lower values of switching current
compared to those in the heavy metals. Therefore, TMs have attracted attention for their exotic
properties and high spin-charge conversion efficiencies, making them promising materials for
microelectronics and spintronics applications. Heterostructures composed of TMs and other
materials, such as FMs and superconductors, exhibit interesting phenomena such as the
quantum anomalous Hall effect, topological superconductivity, and topological
magnetoelectric effect. These structures can also host quasiparticles associated with Majorana
bound states, Weyl Fermions, and magnetic monopoles, among other striking features and

phenomena.

Even having these many exotic properties, the TMs face several difficulties, which hinder the
integration of TMs in future microelectronic devices. Some of these difficulties are the absence
of a growth procedure to synthesize excellent quality and stoichiometric TMs using industrial-
friendly sputtering technique and simple investigation protocol to evaluate topological
materials using easily accessible magneto-transport measurements. This thesis is aimed to
possibly explore the solutions to these difficulties. For this, the BixTey (BT) topological system
is grown on Si(100) using co-sputtering. Firstly, the control of altering the Te composition over
a wide range in a systematic manner is achieved by closely examining the changes in the
structural and compositional analyses vis a vis the growth conditions. Then, by using the same
recipe employed in synthesising BixTey, thin films of varieties of other TMs and 2D FMs such
as SboTes, CroTes, BiSb, NiTey, PtTez, PdTe, and PdBi> are successfully synthesized using

DC-magnetron sputtering technique only.



For the second challenge, highly oriented BiTes thin films are synthesized on the A1,O3 (0001)
substrate using the same co-sputtering technique. The detailed investigation of the temperature
and magnetic field dependent transport properties of these high quality BixTes thin films is
undertaken. The different models such as modified Hikami-Larkin-Nagoaka (HLN), Lu-Shen
and modified Al’tshuler-Aronov model are used to analyze the temperature dependent, and in-
plane and out-of-plane magnetic field dependent transport behaviour. From the analyses of
such data, different topological parameters such as coherency factor («), decoherence factor

(p), Berry phase (¢p5), mass term (m) are estimated.

After suggesting possible solutions to challenges that hinder the implementation of TMs in
future electronic devices, the proposed growth methodology and investigation protocols is
utilized in this thesis work to find answer to some fundamental questions. Some of these
questions are — what is the influence of topological properties of TMs by tuning the
concentration of chalcogenides (Te or Se), and what is the incorporation of magnetic and non-
magnetic elements during the growth of topological materials? To answer these queries, first,
using the structural properties information on different Te composition BixTey binary alloys
thin films, the samples are divided into three different Te-concentration phases namely Te-
deficient (TD), Te-stoichiometric (TS), and Te-excessive (TE). It is shown using the magneto-
transport measurement on these three samples that through the tuning of Te-concentration, one
can manipulate the topological properties of TMs. These experimental findings are further
supported by first principle theoretical calculations. For the second query, the Bi;Tes films
were intercalated with Cr as magnetic element and Au as non-magnetic element. The different
topological parameters are estimated by performing and analyzing the magneto-transport data
on pristine, Cr-doped and Au-doped Bi,Te; films using the modified HLN and Lu-Shen
models. Based on the estimated parameters, it is demonstrated that the topological properties
got significantly suppressed in Cr-doped BT films compared to the pristine BT films while
slightly enhanced in the Au-doped BT films. This study correlates well to the well-established
phenomenon of suppression of topological properties in the presence of magnetic impurities

due to the breaking of time reversal symmetry (TRS) in the topological systems.

After answering these fundamental questions, the thesis work is further extended to examine
the spin dynamics and spin-charge conversion efficiency in the heterostructure of TMs and
FMs fabricated using sputtering techniques. The ferromagnetic resonance (FMR)
measurements are performed on these heterostructure samples and the variation of a,rs and
HoMcsr with the change in thickness of the FM films of CogoFe20B2o (CFB) in them are

investigated. The spin dynamic results show that the effective spin mixing conductance is

overestimated in the in-plane FMR due to the two-magnon scattering (TMS) contribution in
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damping. From the analysis of the out-of-plane FMR, it is found that the effective spin mixing
conductance at room temperature to be 13.13 nm? and 4 nm? with and without TMS
contribution, respectively. Additionally, the effective spin-mixing conductance value gradually
increases with decreasing temperature, which is in accordance with the surface coherence
length of BT. These findings show the influence of spin-polarized topological surface states on
the magnetization dynamics of ferromagnets when placed adjacent to topological materials.
The excellent quality of the sputter-grown ferromagnet-topological insulator heterostructure
and its efficient spin-charge conversion performance demonstrate the topological materials'
importance in future magnetic memory devices. The spin dynamics measurements are also
performed on the PdTe,/CogoFe20B2o bilayers. The effective spin mixing conductance and spin
current density are found to be ~2Xx 102°m™2 and 2.5 MAm™2, respectively in
PdTe»/CosoFe20B2o bilayers which are quite larger than those observed in HM/FM bilayers, and
comparable to those reported for MBE-grown TI/FM heterostructures.

Thus, this thesis work proposes a growth methodology to synthesize TMs by an industry-
friendly sputtering technique which yielded a very good success on making highly oriented and
good quality films of varieties of TMs. Moreover, this work provides a unified and
comprehensive account of a detailed interpretation of the magnetotransport data of a
topological insulator system using different theoretical models available in literature, which is
important both from the fundamental and technological development of this field in the future.
Further, this thesis demonstrates an effective way to manipulate quantum properties such as
topological characteristics of the materials by tuning chalcogenides compositions and by
incorporating magnetic and non-magnetic elements during the growth of the topological
system. Finally, this thesis demonstrates the efficient spin-charge conversion performance in
sputtered grown TMs/FMs bilayers which paves the way to implement topological materials

in future spintronics devices.
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HIY

eIl #RIeH Falcd TAEGGT & g @ dafd g, oo sifds 7o,
AT HRIeT GATIAT & AR, Tedalizd TFAT il & ffeurd gant
el THSU ST Hehol g1 3o¢ CUldllolehel $odRUC (v) & YR W Fafiehed fohar
T g, O ds @@ e garr aReia fRar Smar g1 ue aEel &
SIfotehel AT ST § IS 387 v & -eeg A &, @ v = 0 & Ty vga
IR-TIelToThe HeRTeT H 3Ta Bua-3ifae HafedTder ae IRT fhar S aedr
¢ S HEHA 3N doig o5 F YohAUT g1 Hehell &, ToIEd FaicH ol giforere
gl @Rl gl 39 gfoled & R, cdldiiolehel &% Tecd 39 g, Sif 3RS
BiAAS hid, gfoher FousT diavor 3R golacicl & ANCH JheheRar SI4
Jfefacg Jomt 1 el ad &1 ¥ AUV AT & Wit g, o 3¢ IR-
I IRERET & e & W Ao Foidl 81 Salditolhe #eRIewT 3R
TIHTACH & geECFR & TR R IA-371dC Tleh 3IR0N W] AT fcden FHmET
¥ gdr goidl § o Sdidiioleha ARIeH # BIT-A6T FUGROT S&TdT & 3= {od
gid 8, St 50% & AHF g Fhd g, o IRUMTATI®Y [EafAer e FI AT H-Y
UIqu. T JIT H 9gd A g1 &l FAAT SR HRTCH F 39 31e3d
ol 3R 3Tw Tu=-drsl FUICROT &TAdT & [T eare 3mehidd forar &, fSed 3
ATSshigeaciioiegd 3N Ui e & fau 3merses el §« v gl
erardiiohel HCRTeW 3R 377 ARIew, S HHTACH R guishsaed @ &
gCUECHR, FdicH (AUl §lcT UG, Culdiiolehel  ulehsideidel 3R
Adioiel HTacisafdes Toma okl fo=eT geaw weftld Fa &1 ¥ T’
3T gsdrell [AAVAr3ft 3R gear3ft & 37dEr, ASRET 9138 Te, d5d I 3R
e A § Sf3 FaTAWIiCHed HT o A F FHT

el TR e IO & g gU o, eliiorhel HRTeH F Fg HfdeArgdl H
IHAT T ISl g, S AT & AShIgageiiaieh 3Uavll & culdiioiehd HeRITed
o ThIhIOT H STT &elcll ¢ | S8 A $S HidaAgal e aTeh-3iehel TICRIT Teheileh
3R IR & G HIAS-GEUIE AT HT IUANT Feh dleliiolhel QATIAT
Hedishel o & TIU WA S YISkhlel &1 3UANT Feh 3cpse IOTadr 3N
TEHACH caldiiolhel HeRIed I TN el & fov A ufsear &
et 81 58 AT $T 36T HHAA: o1 HISASAT & FATURT HT Tl AT
g1 38% U, BicTey (BT) crdTalliolehel TOTCH ol TE-TICRIT HI 3YTT dleh Si(100)
W ToRdel fhar I g1 §9d Ugd, U fa&gd H@el # CogRIA T A
AU THish & deolal T =07 faem 61 [Fufaat & Joer & dxaecas 3R
TAARTA Ta2evolt & gRadell dr SR F S dieh 9red har a7 g1 R, BixTey
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I HLATNT A H AT 3ET @ T STANT F:leh, 3T ATeiliolhel HRIeH
3R 2D WIATATH S SbyTes, CraTes, BiSb, NiTes, PtTes, PdTe, 3R PdBi, &1 foheaAt
T Tl oAl &l shael DC-HIeICIA FACRAT Tehelleh 1 3ULTT dHich TheITqaeh
TeafT fRar T g

@l gAldl & AT, 3@ 3774 BirTe; Udol fthedl I IH He-FICRT deheilch
1 3TN Fh ALO3 (0001) Fedge W HLANT fohar a1 §1 g7 3T [UTa arell
BisTe; Gclell Whedl & arqdre 3N geehra & w e gradie aqort dr faeqa st
A B AT TRhH-ellichet-oATaMehl (TITNATS), -7 A HAMAT e or-
INAT Alse S8 AR Alsdl &1 3TAT dAIAT W AR, 3R Idg & FAAR
IR A% & dead gahd & W IR Eue cgagR @ faeelvor e & fau
fohar arar g1 TF SeT & ARANOT &, FHIAAT FRb (a), SHIGH HRE (p),
WO (p), GANT AT (m) S AT dTellfolehel ATIGST I AT ST
I gl

JfasT F gl 3THUN H cdiolehel HeRTed & HAeadeT H 18T STela
arell ATl & FHIAT FATUT G & §1e, S AT FaTel & Siad Tiotat
& fow 3@ Nf@w &7 & gearfad e geufa 3k S Widteaia &1 39T faar
AT §| 318 § $T W § - Hihlolellssd (CegRIA (Te) I Flfg#d (Se))
Higdl & eI Feh TdldiToTehd HERIe & dlelioiehel IO & FTT T ¢,
3R Sardifotenel AATIET & a9 & SRIeT Yahid 3N IR-YhT cedl T FHTALT
FT §? o1 Ul &l 3R &of o ToIT, TaH Ugel, [Affiesd Te DT BixTe, ST’
&4 arq g oAl W EXTACHS 0N T STAhT HT 3TN Hleh, el hl
YT 3TClT-3T19T Te-TehlardT RO & faenfard forar Srar &, 31T Te-deficient (TD),
Te-stoichiometric (TS), 3 Te-excessive (TE)| SoT cileT o_-l?:j\?-ﬁ R HIcI-grgure AT &l
39T aE ¥E fe@mm war § fF Te-Udwar fr gfde & mveaw @, #$
Aeifoterel ARTeH & aAdailoiehel JUT F P F Thcl g1 3o FAMcHS
fosert @1 guw faquid dcuifas o qarr 3wt wAfda fear = &1 gl
fSramar & fou, BiTe; hedAl &I Yaehid ded & & # HIAIA (Cr) AR IR-
doehIg ccd & & H @Al (Au) & Y SIST I-T AT| HATT TITATH 3R of-
QT ATSSA T 3UANT b fo=TT 313, Cr-3108 3R Au-31%8 BirTes fheal W Hislel-
I a1 @ Yedel 3R favawor aeh faffiest cruidifolher HATUEST & AT
ST STl 8| 3eJATIT HAUES! & AUR W, I§ YeRId v a3 g fo f9er sies
BirTe; fhedl &I dofell # Cr-3I8 BixTe; fthedll # eIdidiloiehel 0N I HIhI §a
de car fear s 8, Sefh Au-3Its BixTe; fhedAl H AIST SQT 91371 §1 I eI
aeiifotenel e & esH Radel HARTAT & T & HROT Jaehrg IYefaat Hr
3UTEAf & Sdlaliiolhel UM & EHe $T IS a6 § U " ¥ Heftd B
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ST YIS FaTell & a3 & G, FICRIT deholiehl ol 3UANT Fleh AHT
Ardiote HeRTew 3R FHTACE & gelteca=r & g aifaeiear 3tk -
qTeT FUTAUT S&TAT T ST adey & fow N/ FRT FI 36T SR =T g1 59
gelECael Al T BUHTCH Wield (VHUANR) AT U S § 3 34
CosoFe20Ba0 (CFB) &I JdTaifear fhcat T Alers # aRadel & AT a,pp 3R uoMes,
T Featar f = ¥ A g BT sefAe aRome saa € & g oue
Y07 ATt FT SA-Cold THUHANR H 3G H Gl-HIoled TheReT (SITATH) IR
HT HH HLh 3T AT g1 HT3C-3ATH-Coled THUHANR & fAAYT &, Ig IIAr 3137 &
fF P F IUAT W THE a7 TS0 el HAT: ATATT A9ET & Iy 3R
3 9T 13.13 nm? e 4 nm™ §1 38 AR, Tl -7 Arelet H{ea 8-
¥ Ted dI9A & WY 961 §, i BirTe; $H HAG FHIAT oidlS & AN Bl
Y fashy cdlelifohel AAEET & e W Se W BUHTACH & Jaehrgenior
IiTeldl o PeT-¢diehe ealalitoehel Aclg Ul & yomra &l gl &1 Fex-
faerf@ia RIATAC-EUIe ool Sgelcy gelEgatr T Scehse IUTad 3R AT FHIu
TETeT-2TeT TUIROT Yediel HiasT & Yaehrg AART 3l # rdeliohe AATIAT
% HAgcd P YSRId HLdT ¢l U sSAReE ATYT PdTey/CosoFexnBan ST W
8 forar SITaT &1 PdTea/CosoFeroBao S8R H Tl fae fFsor aree 3k fua
YRT Gelcd A ~2 X 102°m=2 AR 2.5 MAm™2 91T S g, S HM/FM & ¢dr
IS ool H HT a3 g1 PIHATAC SgeR, AR 3MM0ash faor vl doeiies
fAffa WA cudiced #ARITT geiiegaaR & fow Rdie fev v aifgea

% T ¢

56 YhR, Ig A w1 Uh 3UIT-3icfdhel FACRIT Tehelleh G@RT eIl oiehel
ARTeH & @Rffd & & U veh 9 ggufad &1 g&aid «ar g f9ad
erardlitoTehel AERTeq &1 fhedAl T 3Ta 3e7@ 3R 3T F[uradm arell fhed T
#H 9§ 3T Therd el 8 37ellal, Tg F1Y Wfgcd H 3Tersy fafde dqeifas
Al & YA Feh TAdlelitoehel $HecX [OECH & FATeeigaule e $r faeqgd
SATEAT I Tehlehdd 3R AT [AaX0T YeTel Ll &, S HiasT & 5d &7 & Hifdsh
AR gweirehr e el & foT Agcaqul &1 38% 3rdmar, I8 NfAT dldaagsy
AT Al ST Feh 3R Sdlelifoiehel e & A & R gahg 3R IR-
I cedl T AT Hleh FHA AT Adelfoiehel [IATANT S Faied qoi #
R Flel T Teh THTAT dlienT Ui &l gl 3d H, I8 NfEF Tuex fvw v
faerf@id BIATAE- Aatdiioehe HCRTeH ATl 7 FHerel Ru=-Arel FACROT T L
&I Tefid Hr & S Aoy & Feddifaed 3uaol 7 teifoe GrAfET @t e
el I ART IET HLAT ¢
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Figure caption

Schematic illustrating the flow of (a) pure charge current (b) spin
polarized current (c) pure spin current densities in conductors.
These configuration of the different direction of current and spin
current densities shown in Figure (a-c) under time reversal
symmetry are depicted in (d-e), respectively.

Schematic of magnetization (1\71> ) behavior under the influence of
(a) an effective magnetic field (ﬁe £r) and (b) radio frequency (rf)
magnetic field (h, ) applied perpendicular along to the ﬁe 7r- The

precession of M gradually damps toward ﬁe 7r as shown in Figure
(a) while damping torque is compensated by h,.r such that result
in ferromagnetic resonance condition as illustrate in Figure (b).
Generation of transverse spin current density (/) originated from
charge current density (/) due to spin Hall effect.

Schematic diagram showing deflection of spin polarized current

(6) in relativistic magnetic field B generated from polarized
scattering centre or positive charged nucleus (represent by plus
symbol).

Types of spin dependent scatterings: (a) Intrinsic mechanism
arises due to finite Berry phase. Extrinsic mechanisms comprise
of (b) Side jump and (c) Skew scattering.

Dispersion relation or band structure (E vs.k,) of (a) spin
degenerate band or parabolic band (b) Rashba band (c)
Topological surface states of topological materials. Here,
E, or E_ is energy value at positive and negative k, respectively.
Top view of Fermi surface of spin non-degenerate band of (a)
Rashba band and (c¢) TSSs band. Under the influence of non-zero
electric field or finite charge current Jc there is a shift in the Fermi
surface, which results in non-zero spin accumulation or spin
current in (b) Rashba band and (d) TSS band. (e-h) demonstrate

the reverse process (spin to charge current) meaning that a non-
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1.8

1.9

1.10

1.11

1.12

zero spin accumulation or spin current /s, results in finite charge
current. The shaded region denoted the shifting of Fermi surface
due to finite charge current in Figure (b and d) and spin current in
Figure (f and h).

A schematic describing the transfer of spin current from FM to
NM through spin pumping phenomena. The DC (H) and rf
magnetic field (h, f) are applied to achieve FMR condition. A spin

current deflects into charge current due to inverse spin Hall effect
and thereby generate open circuit voltage (Visyg).

Schematic of spin transfer torque. (a) An unpolarized electron
beam is polarized after passing RL or fixed layer. The direction of
the spin polarization of electrons after they have traversed the FL
is same as that of M. After passing through the thin spacer layer,
the spin polarized electrons then enter the FL layer and flip their
spin state. Consequently, the magnetization state of FL layer (M3)
gets altered by spin transfer torque.

Schematic of spin orbit torque (SOT) effect. A transverse spin
current (of density Js) is generated and injected into the FM layer
when a charge current (of density Jc) flows through the NM layer.
The torque on the local magnetic moment in the FM layer can be
divided into two parts: field like torque (tg;), which drives the
moment into precession around the effective magnetic field, and
damping like torque (zp), which acts to return the moment to its
equilibrium position.

Schematics of single bit (a) STT-MRAM and (b) SOT-MRAM
devices

A and B are atomic lattice sites with a chemical potential E and
can host only one spinless fermion. When these two lattice sites
are bring close to each other, the one level system splits into two
non-degenerate levels (E (antibonding) and E_ (bonding)). (b) N
number of atomic sites having lattice constant a. (c¢) Introducing a
finite lattice vibration (A) results into two possible atomic
arrangements, namely I and II Vacuum states or ground level
configurations. Variation of energy density (€) as function of ka

for 3 cases: (d) atomic arrangement without any lattice vibration
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1.13

1.14

1.15

1.16

1.17

(corresponding to configuration (b)), (f) atomic arrangement with
lattice vibration (corresponding to configuration (c)), and (e)
Energy density (€) as a function of order parameter (in present case
lattice vibration (quantified by A)). The atomic arrangement (b)
lies on the zero energy which is symmetric point, whereas by
introducing small amount of A, the ground state energy level can
spontaneously undergo transition into either of the two vacuum
states (I or II) which do not possess any symmetry (i.e., the
symmetry-breaking). Hence, figure (e) depicts spontaneous
symmetry breaking concept using € vs. A relation.

Experimental results of (a) Quantum Hall effect (QHE) and (b)
Fraction QHE in the form of Ry, or R,, vs. Magnetic field (B)
data. The filling factor (v) associated with quantum Hall state (i.e.,
Oxx =V e?/h) in Figure (a) is shown as top horizontal axis
whereas in case of fraction QHE (Figure (b)), it is represented by
the boxes and the numbers therein.

(a) A one-dimensional curved path with vectors Vv, and V, at
positions 1 and 2, respectively. (b) Two-dimensional curved
surface showing how a vector, initially at position 1, is parallel
transport in cyclic route (via 1->2->3->4->1) to again reach at the
same position, but with different angle. The difference of the angle
between the initial and final vector orientation is represented by a
which is also known as anholonomy angle. (c) Two-dimensional
cyclic path on the surface of a three-dimension object, i.e., sphere.
Here a is equal to solid angle subtended by a cyclic two-
dimensional curved path.

Atomic arrangements in the two lattice configurations (a) I
Vacuum (b) II Vacuum. The bond strength of intracell is greater
than that of intercell in I vacuum (v > w) while opposite (w > v)

is true for II vacuum.

The trace of tip of vector h when k changes from 0 to 2r for the
two vacuum states: (a) [ (v > w) and (b) Il (w > v).

(a) The lattice configuration II Vacuum is sandwiched between
two I Vacuum type lattice configurations. The interface of I-1I or

II-I is represented by dotted line. (b) Extreme case of Figure (a)
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1.18

2.1

2.2

2.3

24

where for I Vacuum, the condition changed to v > 0; w = 0 while

for I Vacuum, condition w > 0; v = 0 is imposed.

(a) Variation of m = v —w with position x. (b) Typical band
structure of a topological insulator. The states between the gap are
topological surface states having linear or Dirac characteristics. (c)
The confinement of electrons in presence of high magnetic field
in 2D quantum Hall system. It illustrates the insulating nature of
bulk states analogous to the topological bulk states. (d) Spin
polarized states at the top and bottom edges of 2D quantum Hall
system. (e) Schematic describing the helical spin polarized
property of TSS on one of the surfaces of 3D TI (f) Schematic
illustrating how backscattering in presence of non-magnetic

impurity is forbidden in TSSs.

Actual image of Excel instrument Make sputtering system which
is used to deposit topological materials. The different components
associate to sputtering processes are accordingly labelled. (a)
Inside view of the chamber: Sputtering guns and substrate holder
inside the chamber (b) Inside view during plasma formation and
sputtering.

The actual inner view of NORDIKO make the ion-beam sputtering
deposition system (model: 3450). (b) Schematic of the same
sputtering for better illustrating different components used for
plasma extraction and sputtering process. The components related
to the system are accordingly labelled in both figures.

(a) Actual image of Malvern PANalytical make x-ray
diffractometer (Model-Empyrean). The different components
related to diffractometer such as assembly of x-ray source,
incident x-ray beam optics, goniometer, 5-axis sample state,
Diffracted beam optics and x-ray detector assembly. (b) Schematic
diagram of the interaction of x-ray with atomic planes which act
as coherent scatters.

(a) Schematic of movement of x-ray source and detector in 6 — 20
mode or Gonio mode (b) Schematic of Bragg-Brentano geometry

in which the x-ray source and detector move over a goniometer
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2.5

2.6

2.7

2.8

2.9

2.10

circle. magnetization loops recorded along with the EA. Lines
connecting the data points are guides to the eye.

Schematic illustrating penetration of x-ray depth inside the film
and substrate in case of (a) Gonio scan and (b) GIXRD scan.
Angular displacement of source and detector in case of (¢) Gonio
and (d) GIXRD scans.

(a) Schematic of dislocation defects (b) Texture film in which

crystallites containing different mosaic blocks (c) Angular spread

in the normal vector ﬁhkl (d) Geometry of goniometer and sample
for the rocking curve (e) Spread in the width of diffracted peaks in
[ vs w spectrum.

Schematic of Diffractometer geometry during phi scan
measurements in which first source and detector kept constant at
Bragg angle of probed plane and then (a) sample stage is rotated
to angle y and after that (b) rotated full 360° ¢ angle.

(a) Relation between the diffraction vector and the angle of
incidence and detection. (b) Schematic of diffraction space
coordinates (Q,, Q,) representation or RSM plot for case (b) when
two different phases (or structurally different film and substrate)
have dissimilar dpy; values, and (c¢) when the mosaic domains of
different phases have different tilts. In (b) and (c), the two sets of
circular rings correspond to the two different phases. Different
colored rings within one such sets represent the spread in dnk (in
(b)) and mosaicity (in (c)) in that particular phase. For clarity, the
spread is assumed only in one direction, due to which the contours
are circular and the two sets are either one over each other (in (b))
and side by side (in (c)). In case of ideal phases, the two sets would
overlap to show just one small spot.

Schematic of XRR scattering geometry which results in specular
and diffuse reflection from the rough, thin film surface

(a) Sketch showing the angles and indices of refraction along with
the wave vector directions when x-rays are incident from the air
on the surface of a sample having a refractive index less than 1.

(b) Specular XRR profile of 15 nm thick CoFeB film deposited on
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2.11

2.12

2.13

2.14

2.15

2.16

3.1

3.2

Si (100) substrate indicating the information provided by x-ray
reflectivity profile.

(a) Schematic of the Raman measurements. (b) Raman spectra
measured for BixTes (40 nm) thin film. The spectra is fitted to

show two E%, and A%, Raman modes.

Schematic diagram showing the working principle of EDX

(a) Actual image of Quantum Design make PPMS (Model-6000
Evercool II) (b) Inner view of PPMS probe (c¢) Actual image of
Cryogenic Ltd. make CFMS (d) Schematic diagram of VTI

cooling circuit.

(a) Four probe resistivity measurement geometry (b) Four terminal

Hall measurement geometry

Schematic of magnetoresistance measurement (MR) geometry for
(a) Out of plane magnetic field configuration and In-plane field
configuration in (b) Transverse (c) Longitudinal in-plane

geometry.

Schematic of ferromagnetic resonance setup (a) in-plane field
configuration (IPFMR) and (b) Out-of-plane field configuration
Cross-sectional schematic and interior view of the DC/RF Excel
instrument make DC/RF magnetron sputtering which is used for
the growth of TMs using the co-sputtering technique.

(a) and (b) X ray reflectivity (intensity vs. 20) spectra recorded on
Bi and Te samples deposited at different powers to the Bi and Te
sputtering targets, respectively keeping deposition time fixed at 5
mins. The symbols represent the experimental data and solid lines
are simulated fits. (¢) The solid symbols represent growth rate at
different powers. The data is fitted to straight line to estimate the
slope (i.e., growth rate per Watt) for both Bi (square) and Te
(sphere) films (d) Nominal (calculated using Equation 3.1 and 3.2)
and experimentally determined (observed using EDAX) Te-to-Bi
atomic concentration ratio (y/x) in Bi,Te, films by co- sputtering
as a function of power applied to Te sputtering target (Power to

the Bi-target was kept a constant value of SW). cross-sectional
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3.3

34

3.5

3.6

4.1

schematic and interior view of the DC/RF Excel instrument make
DC/RF magnetron sputtering which is used for the growth of TMs
using the co-sputtering technique.

(a) Atomic schematic corresponding to Te deficient to excessive
concentration phases in Bi,Te, system. (b) XRD spectra recorded
in Bragg-Brentano mode (i.e., 8 — 20 coupled scan) of all the
Bi,Te, thin films, where x and y are the atomic concentrations. The
experimental data is represented by symbols and lines represent
the fit. Different symbols used are A for BisTes, 4 for BisoTeso, &
for BisTes and e for Te. The vertical dotted lines correspond to (0
0 1) peaks of the BixTe; phase. (c) Raman spectra of the Bi,Te,

films. The two vertical dotted lines corresponds to the Eg and A} g

Raman active modes of BixTes. The peaks identified by symbol e
correspond to the Raman shift of Te.

Variation of (a) lattice parameter ‘c’, (b) crystallite size and strain
with relative Te atomic percentage in Bi,Te, films. (¢) XRR
spectra (intensity vs. 20) of the different Bi,Te, thin films. The
symbols represent the experimental data and red lines show the
simulated fittings. Variation of (d) roughness ¢ and (e) density p
with the Te concentration in Bi,Te, films. The model used for
simulation is shown in the inset of (d).

EDAX elemental mapping of samples (i) BisoTesi, (ii) BizaTess
and (iii)) Biy7Tess. Here, (a) shows mixed homogenous
composition of Bi (red dots) and Te (green dots). (b) and (c) show
Bi and Te maps, separately.

X-ray diffraction spectrum of (a) NiTe> (b) PtTe> (c) PdTe> (d)
PdBi: (e) BixSbix (f) Cr2Tes

(a) 8 — 260 XRD pattern of BirTes film (b) Rocking curve scan
along the (0 0 6) Bragg planes. Here symbols are the experimental
data and lines are fits. (c) The ¢-scan along the (0 1 5) Bragg
planes of BixTes film and (0 1 -1 2) Bragg planes of Al,Os3
substrate. Inset: Schematic of layered Bi»Tes on top of Al>Os. (d)
Reciprocal space mapping of the film is performed along the (0 0
1 5) planes of Bi;Tes and (0 0 6) planes of ALOs.
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4.2

4.3

4.4

4.5

(a) Raman spectra (Intensity vs. wavenumber (v)). The two Raman
active modes of Bi>Tes, namely E%; and A?;, are labelled above the
corresponding Raman peaks. (b) XRR spectra of the sample. The
model used for the simulation and the values of the thickness,
density, and roughness so-obtained from the simulation are also
presented within the main panel itself. The numbers in the
parenthesis represent the error. Figure 4.1(a & b) symbols are the
raw experimental data, and the fitting is represented by solid lines.
Elemental mapping of (a) Bismuth and (b) Tellurium elements
on~50um? area of the sample (c) EDAX spectrum (counts/sec vs
keV) for Bi and Te atoms showing the wt.% of Bi;Tes film (To
remove the contribution of substrate (Al>O3), EDS spectrum for
Al and O atoms is excluded while accumulating the spectrum).
The table in the inset of (c) shows composition in weight and
atomic percentage of Bi and Te atoms in Bi;Te; film (o denotes
the standard deviation in estimation of weight percentage).

(a) Sheet resistivity as a function of 7' (4-300K) of the BixTes film.
Inset shows the data at low 7' (4-15K) (b) Hall resistivity with the
magnetic field recorded at different 7. Sheet carrier concentration
(solid circle symbols) and mobility (solid square symbols) at
different 7 are shown in the inset. The 7 dependence of p of the
BixTe; film in (c) low T (4-15 K) and (d) High 7' (25-300K)
regimes. The low 7 data (Figure (c)) is fitted using Equation 4.1
(p = po + Pe—p(T) + pgg;(T) and high T data (Figure (d)) is
fitted  using Equation 4.2 (p = po + Prinear(T) +
Pnon-tinea (T)). The experimentally (Expt.) observed data is
shown by open circle symbols while the fitted data are shown by
solid lines. The 7' dependence of individual contribution related to
different scattering terms (i.€., Pe—p, PEEI> Plinear A0 Pron—iinear)
which are estimated from the fitting are shown by solid lines.

(a) The out of plane magnetic field (B, ) dependence of the sheet

2
conductivity correction (in units of %) at different constant Ts (3-

20K). (b) The variation of Ly corresponding to the surface states
(filled circle) and bulk states (filled square) with the T. The
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4.6

4.7

5.1

5.2

53

symbols represent the experimental data, and lines are the fit using

Ds
to Equations (4.5) and power law Ly o T 2 , respectively.

2
(a) Semi-log plot of sheet conductivity (in units of %) with the

logarithmic T at different out-of-plane applied magnetic field

strengths. The solid lines are the fit to experimental data using k =

Z—Z%. (b) The out-of-plane magnetic field dependence of k
parameter. The characteristics T of the EEI effect (Tggr) is found

to be 10K.
2
(a) Variation of sheet conductivity (in units of z—h) with the applied

in-plane magnetic field at different constant 7' (3-15K). (b) The
variation of surface penetration depth A with 7 and the T
dependence of the calculated value of ratio (t,/t;) is shown in the
inset of Fig. (b).

(a) XRD spectra recorded in Bragg-Brentano mode (i.e., 8 — 26
coupled scan) for TD, TS and TE samples. The experimental data
are represented by symbols. While ¢ symbols denotes peaks due
to BisoTeso phase, e represents the peaks due to Te. The vertical
dotted lines correspond to (0 0 1) peaks of the Bi;Tes phase. (b)
XRR spectra (intensity vs. 20) of the TD, TS and TE samples. The
symbols represent the experimental data and red lines show the
simulated fittings. (c) Raman spectra of the TD, TS and TE

samples. The two vertical dotted lines correspond to the Eg2 and
A}g Raman active modes of BixTes. The peaks identified by the

symbol e correspond to the Raman shift due to Te. (d) The atomic
composition (in at%) for TD, TS and TE samples extracted using
EDX.

Electron transport behavior in TD, TS and TE samples. (a)
Resistivity ~ vs.  temperature  data. (b)  Out-of-plane
magnetoresistance data and (c) Hall resistivity as a function of
magnetic field (uoH) at 3K temperature. Measurement geometries
are shown in the insets.

Logarithmic resistivity as a function of 1/T for (a) TD, (b) TS and

(c) TE samples. Lines represent the fit using the Arrhenius
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5.5

5.6

5.7

equation, pyy~exp (E,/kgT) in the high temperature regime
(200-300K). The temperature dependence of resistivity in the low-
temperature range (3-15K) at OT (filled circle symbols) and 9T
(open square symbols) for (d) TD, (e) TS and (c) TE samples. The
data at OT and 9T correspond to WL/WAL+EEI and EEI,
respectively

Hall resistivity vs magnetic field at different temperatures for the
samples (a) TD, (b) TS and (c¢) TE. Inset in (b) shows the
schematic of the measurement geometry. Symbols represent the
experimental data points and the solid lines are the linear fits.
Sheet carrier concentration and mobility with temperatures for
samples (d) TD, (e) TS and (f) TE. Note the change in the order of
magnitude of mobility in the three films, as is evident from the y-

axis title.
2
Variation of sheet conductivity (Ag), in units of %, with the

applied out-of- plane magnetic field (B,) at different constant
temperatures (3-10K) for the samples (a) TD, (b) TS and (c) TE.
Solid lines are fit to the experimental data using Equation 5.6. (d-
e) and (g-i) T dependence of the pre-factor (a) and phase
coherence length (1), respectively, calculated using fit to data in
(a-c) by Equation (5.3). (g-i) also show the variation of the
calculated Iy (open circles), o (filled squares) and I» (open
triangles) with temperature. The solid lines show fitting of the [

data by power law mentioned explicitly in the insets.

Plots of logarithmic dependence of sheet conductivity (in units of

2
%) vs. temperature at different perpendicular magnetic field

strengths for the samples; (a) TD, (b) TS and (¢) TE. The symbols

represent the experiment data and solid lines show the fits using

=T %% The dependence of k parameter on the magnetic field

€2 8inT
for (d) TD, (e) TS and (f) TE samples
2
Sheet conductivity Ao (in units of %) with in-plane magnetic field

(B))) recorded at 3K for the TD, TS and TE samples. Lines are fit

using Equation (5.8). (b) & (c¢) The variation of pre-factor («;) and
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5.8

6.1

6.2

surface penetration depth (4), calculated from fitting of Ac vs poH
for the range of temperatures. (d) Calculated values of t,/t; ratio
as a function of T for the TD, TS and TE samples.

Layer slabs for three different compositions of BiTe, used in
calculations and the simulated Brillouin Zones (BZ’s) for bulk and
surface states. Calculated electronic band structures of (b) BiTe
(TD), (c) BixTes (TS), and (d) BiTes (TE). Fat bands of surface
states are plotted with different colors. Insets are the zoomed
version of the Dirac-cone and surface states near the Fermi level.
The size of the filled circles is proportional to the weight of the
surface states.

(a) XRD spectra (Intensity vs. 20) recorded in the 8 — 26 coupled
scan, also known as Gonio mode. The dashed-dotted lines at peak
positions are used to label Bragg planes of Bi;Tes identified using
JCPDS #894302. The unlabelled peaks belong to Si (100)
substrate. (b) The peak along (006) Bragg plane is fitted using the
pseudo-Voigt function, which assumes the peak profile as a linear
combination of Gaussian and Lorentzian peak curves. The center
position and FWHM of the peak are extracted using the fitted data.
The calculated lattice parameter (‘c-axis’) and crystallite size of
undoped, Au doped and Cr doped samples are mentioned on the
inset of the graphs. The symbol represents the raw experimental
data, and the solid line represents the fitting.

(a) Raman spectra (Intensity vs. wavenumber (v)) of undoped, Au
doped, and Cr doped samples. The three Raman active modes of
Bi,Te;, namely E2,, A%, and Ay, labeled above the corresponding
Raman peaks. The pseudo-Voigt function fits the raw
experimental data (shown by symbol) to extract FWHM and peak
position information. (b) XRR spectra (Intensity vs. 20) of the
undoped, Au-doped, and Cr-doped samples. Here, the symbol
represents the raw experimental data while the solid line
represents the fitted data. (c) The model used for simulation of
XRR data using X’pert reflectivity software and thickness,

density, and roughness is estimated as shown in Table 6.1
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6.3

6.4

6.5

6.6

7.1

(a) EDAX elemental mapping of samples (i) undoped, (ii) Au
doped and (iii) Cr doped. Here, (a) shows the mixed homogenous
composition of Bi (red dots), Te (green dots), and doping element
(blue dots). (b), (c) and (d) show Bi, Te and Au or Cr maps
separately

Variation of sheet resistivity with temperature (2-300K) for
samples (a) undoped, (b) Au doped and (c) Cr doped, respectively.

2
(a) Variation of sheet conductivity (Ac), in units of %With the

applied out-of-plane magnetic field (B,) at different constant
temperatures (2-20K) for the (a) undoped, (b) Au doped and (c) Cr
doped samples. Solid lines are fit to the experimental data using
Equation (6.1). (d-e) Temperature dependence of the pre-factor
() and (g-1) Temperature dependence of the phase coherence
length (1), respectively, calculated using fit to data in (a-c). (g-1)
also show the variation of the calculated [; (open circle symbol)
and /, (open square symbol) with temperature. The solid lines

show the fitting of the [; data by a power law.

2
(a) Variation of sheet conductivity Ag (in units of z—h) with the

logarithmic temperature at different out-of-plane applied magnetic

field strengths. The solid lines are the fit to experimental data

using Kk = :—Z%. (b) The out-of-plane magnetic field dependence

of Kk parameter. The characteristics temperature of the EEI effect
(Tegr) 1s found to be 10 K for undoped and Au doped and 15 K for
Cr doped samples.

8 — 28 XRD pattern of Al,O3//BT(10)/CFB(18)/Al(5) sample.
Diffraction peaks only due to the (00[) family of Bragg planes of
BT are observed. The peak due to substrate is marked as Al,O3
(006). The peaks labelled by * symbol arise due to contamination
in X-ray source and imperfection in crystallographic arrangement
of ALOs (b) The XRR pattern (intensity vs. 20) of
BT(10)/CFB(tcrp) series and reference CFB(10) sample. The open
symbols represent the experimental data points, while solid lines

are simulated fits.
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7.2

7.3

7.4

7.5

7.6

7.7

(a) Variation in 4, H, as a function of microwave frequency for

samples of series (a) CFB (tcrg) (b) BT (10)/CFB (tcrp),
respectively. The points are the data extracted from the fitting of
IPFMR spectrum, and the lines are fits corresponding to the in-
plane Kittel Equation (7.2) (b) The variation in 4 M, for all the
samples in series CFB (t;rp) and BT (10)/CFB (tcrp) as a
function of t pp.

UoAH vs. frequency for series (a) CFB (t¢rg) and (b) BT (10)/CFB
(tcrp)- The symbols represent the experimentally obtained values,
which were fitted with Equation (7.3) to obtain the effective
damping constant (a.rr) and the inhomogeneous linewidth
(oAHy). (¢) esf vs. tepp for BT (10)/CFB (tcpp) (open circle
symbols) and CFB (t-rg) (open square symbols).

(a) The Effective damping (a.ff) vs. inverse of CFB thickness for
BT(10)/CFB(10) heterostructure. (b) The dependency of spin
current density (/) of series BT (10)/CFB (tcrg) with the t;pp
layer for different frequency ranges (4-12 GHz) represented by a
symbol, and solid lines connecting the data points guide the eye.
(a) Out-of-plane FMR signal for BT(10)/CFB(10) heterostructure
at 5K and 300K. (b) Linewidth vs. frequency for bare CFB(10)
and BT(10)/CFB(10) heterostructure at 5K and 300K. (c)
Frequency vs. resonance field for bare CFB(10) and
BT(10)/CFB(10) heterostructure at 5K and 300K. Inset shows the
temperature dependence of the effective magnetization. (d)
Damping parameter () as a function of temperature for bare
CFB(10) and BT(10)/CFB(10) heterostructure.

Temperature dependence curve of a.rr (open square symbol),
@eqqy (Open rhombohedral symbol), a,,q (open hexagonal
symbol), and a (open circle symbol), for sample (a) CFB (10) and
(b) BT (10)/ CFB (10).

(a) The real part of effective spin mixing conductance as a function
of temperature for BT(10)/CFB(10) heterostructure. (b) The
magnetic field (ugH) dependent magnetoconductance (MC)

2
correction (Ac) (in units of e—) response of BT sample at different
h p

XXV

137

138

139

142

143

146



8.1

8.2

constant temperatures (3-10K). The symbols represent the
experimental data, and lines are the fits using the modified HLN

model. (¢) Temperature dependence of Ly corresponding to the
surface states (filled circles) and bulk states (filled squares). The

solid lines are fits using the power law Ly o< T7™. (d) Ao (in

2
units of %) vs. magnetic field (ugH) of BT(10)/CFB(10)

heterostructure at 2K, 4K, 6K and 10K

(a) XRD spectra (Intensity vs 26) recorded in the Gonio mode
(i.e., 8 — 20 mode) for PT (10), PT (20) and PT (50) films. The
Bragg planes are labelled for the corresponding diffraction peaks.
For clarity and clear comparison, a break is inserted in the x-axis
from 36-45 degrees to hide the highly intense (006) Bragg peak
originating from the single crystalline Al,O3 substrate. (b) Omega
(w) scan or rocking curve scan (Intensity vs w) on PT (10), PT
(20) and PT (50) films. (c) Raman spectra (Intensity vs. Raman
shift) for the PT (10), PT (20) and PT (50) films with the
corresponding Raman modes (£, and 4;,) mentioned adjacent to
the Raman peaks. (d) X-ray Reflectivity (XRR) spectra (Intensity
vs 20) for PT (10), PT (20) and PT (50) films. The open square
symbols, open circle symbols and open triangle symbols are used
to illustrate the experimental data of PT (10), PT (20) and PT (50)
films, respectively while solid lines show the fitting of data with
mentioned functions and models.

Unit cell along and the side views of 4x4 superlattice structure of
(a) PtTe> and (d) NiTe, where Pt and Ni atoms occupy corner
positions while Te sits at the body diagonal of the unit cell. XRD
spectra in the Gonio mode (8 — 26) for (b) PtTe> and (e) NiTe»
films The Bragg planes are labelled corresponding to the observed
diffraction peaks. Raman spectra (Intensity vs. Raman shift)
recorded on the (c) PtTe,, and (f) NiTe; films. The corresponding
Raman modes are mentioned above the respective Raman peaks.
The filled circles symbols represent the experimental data whereas

the solid lines are the fit using the respective peak functions
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8.3

8.4

8.5

(pseudo-Voigt peak function for XRD, and Lorentzian function
for Raman).

(a) Temperature-dependent resistivity (p vs T) curves from 2-300
K of (a) PT (10) (b) PT (20) and PT (50) samples, where open data
symbols represent the experimental data while the solid lines
represent the fitted p vs T curves using Equation (8.1) from ~15-
300K. The inset of the figures shows p vs T curves from 2-10 K.
The Tonset and Tc temperatures correspond to superconductivity
temperatures mentioned in the inset of the figures (The solid lines

connecting the data points in the inset s are guide to the eye).

R (B)-R(B=0)

Variation of magnetoresistance (MR(%) = R(B=0)

x 100)

with magnetic field (uoH in units of T') between -3T to 3T at 3K,
5K, 7K and 10K for (a) PT (10) (b) PT (20) and (c) PT (50)
samples, respectively. In figures (a-b), while the open symbols
represent the experimental data, the solid lines show the fitting of
high field MR data using MR (%) = AB™. The insets in figures (a-
¢) show the MR(%) vs uoH curve at 2K for samples PT (10), PT

(20) and PT (50), respectively. (d) and (e) show the variation in

LI n
ps(uoH)  ps(0)

units of e /mh) with the magnetic field (uyoH) at 3K, 5K, 7K and
10K for samples PT (10) and PT (20), respectively. Here the

the correction in the sheet conductivity (AG =

experimental data are represented by open symbols while the solid
lines depict the fitting of Ao vs puoH curve using the modified
HLN model given by Equation (8.2). (f) Schematic of
measurement geometry for MR. Here, V, Ix and H, imply the
voltmeter, source current flowing along the samples surface and
transverse magnetic field applied along the z axis.

(a) Temperature-dependent variation of coherency prefactor («)
for samples PT (10) and PT (50). The open square and open circle
symbols represent the estimated values of a for PT (10) and PT
(50) films, respectively at different temperatures between 3-10 K.
(b) Temperature-dependent variation of phase coherence length

(Lg in units of nm) for samples PT (10) and PT (50). The open

square and open circle symbols represent the calculated values of
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8.6

8.7

8.8

Ly for PT (10) and PT (50) films, respectively at different

temperatures between 3-10 K while solid lines describe the fits

using the power law equation (Lg o T_g) where p is the dephasing
parameter. For the PT (10) sample, p is 1.46 while for PT (20), p
is 1.66, respectively.

(a) Magnetic field dependent variation of FMR signal collected at
7 GHz for (a) series-I1 (PT (0)/CFB (tces)), (b) series-II (PT (10)/
CFB (tcrp)), (c) series-III (PT (20)/ CFB (tcrr)) and (d) series-1V
(PT (50)/ CFB (tcrs)) samples, where tckg = 10, 15 and 20 nm.
Here, the open square, open circle and open triangle symbols
denote experimentally obtained data of PT (ter)/ CFB (10), PT
(t)/CFB (20) and PT(tpr)/CFB (50) films (t=0, 10, 20 and 50 nm),
respectively. The solid lines represent the fitted derivative
FMR signal vs u,H curve using Equation (8.3).

Variation of resonance field (¢, H, in units of mT) as a function of
microwave frequency (f in units of GHz) for (a) series-1 (PT (0)/
CFB (tcrg)), (b) series-11 (PT (10)/ CFB (tcgg)), (¢) series-III (PT
(20)/ CFB (tcrg)) and (d) series-IV (PT (50)/ CFB (tcrg))
samples, respectively. Here the open square, open circle and open
triangle symbols are the data extracted from the fitting of the FMR
spectrum of PT (tpr)/CFB (10), PT (ter)/CFB (20) and PT
(trt)/CFB (50) films (where tpr = 0, 10, 20 and 50 nm),
respectively, and lines are the fits corresponding to the Kittel
Equation (8.4).

(a) The variation in g ,M.sy for all the series I-IV as a function
of tcrg. Here the open square, open circle, open triangle and open
diamond symbols are the values of s M.ss estimated from the
fitting of the FMR spectrum of the series-I1 (PT (0)/ CFB (tcrp)),
series-1I (PT (10)/ CFB (tcrs)), series-1II (PT (20)/ CFB (tcrs)) and
series-1V (PT (50)/ CFB (tcrs)) samples, (tcrs = 10, 15 and 20 nm)
respectively, using Equation (8.4). The solid lines are provided as
a visual aid to demonstrate the overall variation. (b) 1/t;rp

dependence of y M,¢; for all the series I-IV, here solid line

depicts the fitting of y4 ) M.ss vs 1/tcpp curve using Equation (8.5)
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8.9

8.10

(c) Histogram plot of the thickness-dependent variation of
anisotropic field (Hy) for series I-IV samples. Here, bars
correspond to the values of 4 Hy, as calculated using the fitting of
the FMR spectrum for all series I-IV samples using Equation (8.4).
Variation of linewidth (uyAH in units of mT) with frequency (f in
units of GHz) for (a) series-I1 (PT (0)/ CFB (¢crg)), (b) series-II (PT
(10)/ CFB (tcrn)), (c) series-III (PT (20)/ CFB (t¢crp)) and (d)
series-IV (PT (50)/ CFB (tcrg)) samples, respectively. Here the
open square, open circle and open triangle symbols are the values
of upAH estimated from the fitting of the FMR spectrum of PT (tpr
)/CFB (10), PT (ter )/CFB (20) and PT (ter )/CFB (50) samples
(ter = 0, 10, 20 and 50 nm), respectively. The solid lines are the
fits corresponding to the linewidth given by Equation (8.6).

(a) CFB layer thickness dependent (t;rp) variation of Gilbert
damping constant (a X 1073) of the different samples of series I-
IV. Here, the open square, open circle, open triangle and open
hexagonal symbols represent the values of @ X 1073 estimated
from the fitting of pu,AH vs f using linewidth Equation (8.6) for
series-1 (PT (0)/ CFB (¢crg)), series-II (PT (10)/ CFB (tcrs)),
series-1II (PT (20)/ CFB (tcrg)) and series-1IV (PT (50)/ CFB
(tcrB)) samples, (where tcpg = 10, 15 and 20 nm) respectively. The
solid lines are provided as a visual aid to demonstrate the overall
dependency. (b) The variation of Aa X 103 with respect to 1/
tcrg. Here Aa is the finite-size contribution to damping, and is
obtained from subtracting the respective a value of the samples of
series-1 (PT (0)/CFB (t;rp)) series from the corresponding values
of a obtained for samples of the series PT (tpt )/CFB (t;rg). The
open circle, open triangle and open diamond symbols correspond
to Aa x 1073 values for series-II (t =10 nm), series-II (=20 nm)
and series-IIl (=50 nm), respectively and tcpp =
10, 15 and 20 nm. Additionally, the solid lines are the fit of the
observed Aa X 1073 vs 1/t pp variation using Equation (8.7). (c)
Histogram plot showing the FM thickness dependent (t;pp)
variation in the inhomogeneous broadening of the all the sample

of series I-1V.
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8.11

The dependency of spin current density (Jg) estimated using
Equation (8.8) of the PT (10)/ CFB (tcr) series (open circle
symbols), PT (20)/ CFB (tcrs) series (open triangle symbols) and
(c) PT (50)/ CFB (tcrs) series (open diamond symbols) samples
on tcrg at 4 GHz. The solid lines connecting the data points are

guide to the eye.
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Table caption

Parameters associated with SOT-based switching in NM/FM

heterostructure.

Optimised sputtering parameters for the growth of CFB and Al layers

used in the different heterostructures.

The calculated (nominal) and observed (experimental) atomic
composition as determined from XRR and EDAX measurements,
respectively at different power applied to Te target (Prc) with fixed power
to Bi target (Pgi=5W).

The XRR-simulated parameters such as thickness ¢, interface/surface
roughness o, and density D of the layers in BiiTe,. The numbers in the

parenthesis represent the error in the simulation.

The fitted values of the different parameters appearing in the 7

dependence of the resistivity of Bi;Tes films.

Comparison of the MC response (Dominant or Suppressed) of
conventional electrons and Dirac Fermions vis-a-vis the different types of
disorder induced scattering such as scaler, magnetic impurity, and spin-

orbit type.

The different band parameters describing the MC behaviour in Bi>Tes film,
as calculated using Equations (4.7a-c), (4.8), and (4.9).

Calculated values of sheet conductance (o), sheet carrier concentration
(ns), mobility (u), mean free path (l,), dimensionless conductance (g),
diffusion constant () and thermal length (I;) for the sample TD, TS and
TE at 3K temperature. For comparison, the reported data on MBE grown
TIs and sputter-grown BiSes samples are also added. Symbol “*’
indicates that the values are calculated from the parameters provided in

the given references.
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6.1

7.1

7.2

8.1
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8.4.

The XRR-simulated parameters such as thickness ¢, interface/surface
roughness o, and density D of the layers in BiyTe,. The numbers in the

parenthesis represent the error in the simulation.

Simulated values of thickness, interface width, and density of each layer.

The numbers in the parentheses represent the error in simulations.

The different parameters extracted from the IPFMR measurements of TIs-
FM heterostructures (this work) and their comparison with relevant
literature values. Numbers in the bracket represents the errors in the

values.

Details of the specific sample stacks used in 4 different heterostructures

series.

Values of various parameters extracted from the analysis of p vs T data
for the PT films having different thickness. The values in the bracket

corresponded to the errors in the fitting.

The extracted values of oM, and K for the various samples of series I-

IV. The values in the bracket corresponded to the errors in the fitting.

Comparison of the different parameters viz., surface anisotropy, effective
spin-mixing conductance and spin current density) as extracted from the
FMR measurements of the PT/FM heterostructures (this work) with the
relevant values cited in the literature references (last column). Numbers in
the bracket represent the errors in the values. The thickness of TMDs
(MoS> and WS;) is specified in MLs which stand for number of

monolayers.
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