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Abstract

Topological quantum materials are extremely promising for next-generation of spintronic devices
such as magnetic memories due to their non-trivial band topology. Recently, kagome ferromag-
net (FM) FesSny and antiferromagnet (AFM) FeSn, which belong to the Fe,Sn,,-family (m : n
= 1:1, 3:2, 5:3) have emerged as the promising magnetic quantum materials due to their in-
triguing topological properties, such as the presence of Dirac nodes, Weyl points, flat bands,
and topological surface states in their band structure. To date, most of the experimental and
theoretical studies on Fe3Sns and FeSn have been predominantly concentrated on bulk single
crystals. However, the experimental realization of the thin film of these materials with stable
phase and stoichiometry is challenging. Thin films of these materials and their heterostructures
are desirable for spintronics-based device applications. The topological and quantum proper-
ties can be further tuned in thin films through reduced dimensionality. In addition, thin films
allow the creation of heterostructures with other materials, which may host emergent phenom-
ena. This motivated us to investigate the growth of thin films of FesSny and FeSn and their
heterostructures for spintronics applications. In this thesis, we establish the growth of thin
films of ferromagnetic FesSns and antiferromagnetic FeSn and NiO thin films. Subsequently,
we grow heterostructures of these materials with either heavy metal or ferromagnet (in the
case of FeSn and NiO) to study spin pumping behavior, which is technologically important for

next-generation magnetic recording devices.

In the case of FezSny, we first demonstrate the growth of polycrystalline ferromagnetic FesSng
thin films on Si/SiO9 substrates by using a Pt seed layer. Our structural and magnetic mea-
surements indicate that a pure ferromagnetic phase of Fe3Sns thin films with higher saturation
magnetization of Mg = 464 — 640 emu/cc is formed for the Pt seed layer, while a mixed-phase
(consisting of ferromagnetic FegSny and antiferromagnetic FeSn) with a lower Mg is formed for
the Ta seed layer. The anomalous Hall effect measurements were performed to determine the
role of the electronic bands due to the kagome structure of FesSns. We found a non-zero intrinsic

o)

anomalous Hall conductivity ( , a large value anomalous Hall coefficient (Rg), and anoma-
lous Hall angle (6ama) indicating the intrinsic origin of anomalous Hall resistivity in FegSny
thin films. The ferromagnetic resonance study performed in Pt/Fe3Sns based heterostructure
allows us to determine intrinsic damping of FezSns to be ajye. = (3.840.2) x 10~2. Furthermore,
the spin mixing conductance of Pt/FesSns is found to be glfif = (11.7 £ 0.6) nm~2, which is

comparable to other ferromagnet/heavy metal systems.
In the case of FeSn, we demonstrate epitaxial growth using the Pt seed layer on the sapphire
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substrate. The antiferromagnetic phase was confirmed using magnetization measurements as
well as the presence of exchange bias in FeSn/NiggFey bilayers. A large spin mixing conductance
of gléf = (117 £ 0.6) nm~2 is found in FeSn/Py which is nearly two-order of magnitude higher
compared to the standard ferromagnet /heavy metal systems. The large value of glfif is promising
for application and indicates the possible role of the kagome lattice of FeSn. We have also
investigated the spin pumping in the antiferromagnet NiO/Py system and we showed that the
ngif of an optimized polycrystalline-NiO /Py system can reach the value that for an epitaxial-

NiO/Py system.

In the final part of the thesis, we numerically explore the potential application of magnetic
quantum material-based heterostructures. Magnetic skyrmions are highly promising for the
next generation of racetrack memory devices as they offer ultra-dense storage capacity and
low power consumption in comparison to domain-wall based racetrack memory devices. In
this thesis, we numerically studied the nucleation process of the FM and AFM skyrmions in
racetrack devices. We found an ultrafast nucleation single/multiple AFM skyrmion using in-
plane spin-polarized current in an AFM material. In addition, our method also shows low
energy consumption for nucleation using in-plane spin-polarized current compared to out-of-
plane spin-polarized current. We stabilize FM skyrmion for a range of external magnetic fields
in ferromagnet FesSny without using Dzyaloshinskii-Moriya interaction. The strong uniaxial
magnetic anisotropy and dipole-dipole interaction of the kagome lattice in FesSno facilitate the

nucleation of both skyrmions and anti-skyrmions.
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TG Sicd Uard o IR-J5 o8 TIudis & HRUT SATA Uil & RIS JuHRon o
YeHIg el & U Sgg SMSHE €1 B & B, HFIH Aeda®did (FM) FesSny 3R
g ®Id (AFM) FeSn, S FenSn,-URAR (m : n & 1:1, 3:2, 5:3) ¥ Taifd &, 309 Udtar
St o oY 5 feve Arew, 35 Ulse, Wi 38 SR cuaitved dag fRufadt @t
JURYTT & HRUT SHRISHS J9H 1T HicH Tarf & G H IH g1 M dF FesSny 3R FeSn TR
SHRepT T 3R Vgifdd 31eaa- o] U ¥ 98 Uhd fshicd R Hiad I8 o grafie, fRR
WU IR WIS F 1Y 57 g BT yael fobed 1 Ui St gl 81 39
gl &t gddt e iR S9a! derigaar fuciay-snuiikd fEarsy sryant & fore
gie-g | Ui d 3R SHicH T[0T & HH ATl & J1eH o gdd! e # iR sifis
S a1 o1 Tdr 81 ST 3rdraT, Udeh e g gl & 1y geRgamr & fAnfur ot
AT T €, S ST geTsft Pt ASTaT! R Tohal ¢ | 39 gH RS ruant &
foTT Fe;Sn, 3R FeSn @ Uael! fhed! 3R 371 gexiRgaar s & forg ORa foram | 39 =iy
RIeT |, 89 NeYTDIT FesSn, 3R UAIGIIDIT FeSn 3R Nio TUde fred! &1 Ide
1T Hd & | 3T a1, §H F Uit aagR &7 31eaH &4 & forg HRT o1 a1 e
(FeSn 3R NiO & AHA ) & 1Y 39 Ul & gerRca=R [Awmd &-d &, Sl AT Wil &
JaB g RIS SUBUN & A dh-1h! U J HgayUl 5|

Fe;Sn, & HIHA H, 39 a9 Ugd Pt URHS TRA BT IUTNT Si/Si0, TS R B Ulchiohears
TEYTDI FesSn, Tadl! fhed! & [T &l UGRId Ixd &1 8UR WAATES 3R e 919 o
Tard et § f pt IR TRa & I Mg = 464 - 640 emu/cc & I T JaBIIBRON & 1Y
Fe;Sn, Udcl! fFel &1 U Y[g AledadIg R0 §9d1 §, STafd Ta URMNG WRd & fog B Mg &
1Y T A TR AEIIBIT FesSn, 3R UACISIIRIT FeSn I FAHR 99aT 81 FesSny Bt
DTN T P HRU SAT D o8 DI Yftrpt Reffd B & forg sAmad gict e 11 fbu
Y A BH U 3L SR I gict Aeihdl (o), Teb TST URATL SFHIHICT glet Tulieh
(Rs), 3R SFTHITT BT BT (Oana) ST S FesSn, Taelt e H SR gl UfeRiydsdr o
3R IART HT Ydbd AT 81 P/ FesSn, SMUTRA Beeamr & far M1 digdasdi 3G
LT BH FesSn, B SHTARD HTHGT B i = (3.820.2) x 102 FAiRA B o} Al S 81
3T, Pt/Fe;Sn, &1 U 801 Tamer glh= (1.7 + 0.6) nm™ UTAT ST &, S 3T TEradh/HRt
YTq yuTTferdl & gera B
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FeSn & AMA H, 89 ALO; Ts¥ce IR Pt URIYS TRA BT ITANT deh T faagd fhet & fawr
DI UERAd BRI B | FeSn/ NisoFeo STICIR H GaHIGHRUT AT & Y- faf o qate &t sufufa
BT STINT HRb UG D 1 TR 1YY Bt T3 At | FeSn/Py B glb= (117 + 0.6) nm 2 BT TH &S
TR fiysyor TTe= Ut ST € off A aedad/HTRT 4Tg Tonferd &t e & UfRHToT & a T -
HY 3w Bl glte HT TS URHTI IUTNT & AT 3R FeSn & HTNT ST &1 FUIfad YfEasT o1
1 HRA & e Smeee g1 99 ufdaedesia Nio/py Ren & fRm difr et s sia Y @
3R g feaman 8 o g/ U 3G T UTaitfohe g -Nio/Py UUTTe 39 Hed ddb Ugd Jdbdl § Sl
TP T fRTae Nio/Py WU & faT 8|

MY GRadT & ifdd UFT H, 89 J=IdS €U ¥ Jadbi HicH AR-SURT gerRedR &
TUIIT STV T Tal ST & | 3Tl Wit & Yaedh AHR JUHR0N & fod gadig R
AT SMRISHS § Fifdh d SHA-ara MURd e AHRY IUHRON Bt a1 & 3fel-Ta=
HESRUT & 3R FHH Aot @1 Wud U $3d ¢l 39 MY YT &, g6 Wedh Il §
diega® g 3R ufddiedad i Reffa=y o) gfaauer ufsrar &1 WRereis U ¥ 31eqg faan|
B Ufaciegas 1 ARt & $4-wH - Ydidhd URT 61 IUAN HRd U S{egIhRe gfaaugH
RT BT T H 39-TH RH-4d1hd URT BT ST B J[HIURM P 18 HH SHofl @ud o off
(T B1 89 Dzyaloshinskii-Moriya SeXa=M &1 JUTNT fbU 9T AEIBIT FesSn, H d61
JIB &3 Bt U YT &b [T AggaD g RpHIT BT fRR HRd G| FeySn, H BRI SITel B
Aol Upsiela gaepta et ok feydia-fayda sia:forar RepfHia ofR ¢dl-Rpftfa 3l
¥ fFTIRA BT GfIeT U Fall g |
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