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ABSTRACT

This thesis presents a systematic investigation of the magneto-transport,
superconducting, and topological properties of doped and strained half-Heusler (HH)
thin films based on rare-earth alloys. The study focuses on three alloy systems: (i) Er-
doped YPdBA, (i1) Y-doped HoPdBi, and (iii) strained GdPdBi, grown using pulsed laser
deposition (PLD), with the aim of tuning their electronic structure via f-electron doping,
magnetic dilution, and lattice strain.

The first part of this thesis investigates the Y:i—«ErPdBi (x = 0.2(E2), 0.5(E5), 0.8(ES))
thin films to study the effect of f~electron doping on the otherwise topologically trivial,
diamagnetic YPdBi. All the films exhibit semimetallic behavior with clear signatures of
superconductivity at low temperatures. The optimally doped ES5 film (x = 0.5) showed a
maximum superconducting transition temperature (T, ~ 4.4 K), with a high quantum
mobility, and a large phase coherence length. While E2 and E8 films exhibited T, values
of ~2.2 K and ~3.7 K, respectively. Detailed magneto-transport measurements revealed
features characteristic of non-trivial topological materials, such as weak anti-localization
(WAL) and Shubnikov—de Haas (SdH) oscillations. The power law fitting of phase
coherence lengths, the extracted a value confirmed the presence of 2D surface state. The
extracted Berry phase (~m) confirmed the presence of Dirac fermions. First-principles
DFT calculations validated the non-trivial topological band ordering in all compositions,
with band inversion strength increasing with Er content due to s—f exchange interactions.
The optimally doped film (ES) showed enhanced quantum coherence and mobility,
attributed to more f bands near the Fermi level. These findings indicate that Er-doped
YPdBi thin films exhibit a strong interplay between superconductivity and topological
band structure.

The second part investigates Hoi«YxPdBi (x = 0(Y2), 0.2(Y2), 0.8(Y8)) thin films,
where substitution of magnetic Ho*" ions by non-magnetic Y** modifies both magnetism
and transport characteristics. Electrical resistivity measurements revealed semimetallic
nature and superconducting transitions in all films, with the x=0.8 (Y8) film achieving a
zero-resistivity state at T,~2.8 K.While YO and Y2 films exhibited T, values of ~0.9K
and ~2.1 K, respectively Bulk superconductivity in the Y8 film was confirmed through
AC susceptibility measurements, showing a strong diamagnetic response and an upper

critical field H.,(0) ~ 5.7 T. Magneto-resistance measurements displayed weak anti-



localization (WAL)-like behavior at low fields. Using HLN model, the a and [, value
extracted. The unphysical value of a at different temperatures and value of [,(4K) <

thickness of HYPB films, which reflects that WAL originates from 3D bulk

conduction.l,, analysis revealed that electron—electron (e—e) scattering dominates in Y0

and Y8 films, while the Y2 film exhibited additional electron—phonon (e—ph) scattering,
suggesting a coexistence of scattering mechanism.

In the final part, the structural and transport properties of GdPdBi thin films were
explored under ~1% strain. X-ray diffraction and microscopic analyses confirm high-
quality, single-phase films with ~1% lattice strain relative to the bulk. Temperature-
dependent resistivity measurements reveal a two conducting behaviour: metallic
behavior (T < 3.5K), and semiconducting behavior ( T > 3.5K) with a reduced energy
gap of ~10.2 meV, significantly smaller than the bulk band gap (~70 meV), indicating
strain-induced band narrowing in the films. Magneto-resistance measurements displayed
weak anti-localization (WAL)-like behavior at low fields. HLN model analysis gives
unphysical a-values and coherence lengths smaller than the film thickness, indicating
that WAL originates from 3D bulk conduction. Angle-dependent magneto-conductance
measurements confirmed that the observed WAL-like features originated from 3D bulk
states due to spin-orbit coupling (SOC), not from 2D surface states.

Overall, this thesis demonstrates that f-electron doping, magnetic dilution, and lattice
strain are effective tuning parameters for manipulating the quantum transport and
topological properties of HH thin films. These findings provide valuable insights into
the design of topological superconductors and pave the way for future applications in

spintronics, quantum computation, and topological device platforms.
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AR

Ig YTy gay-gdt fHrgrergstt R enutd S iR -1fad 8T%-8g&eR (HH)
el URdl (thin films) & TEPHII-UNRGEH, AA@TA® (superconducting) 3R
AT o T[0T &1 Udh HarRyd Siid URdd Rl & | IETa- i fyerd gomferdl iR
Ffad 8 (i) Er-8IS YPAB, (i) Y-SItS HoPdBi, 31R (iii) a1fdd GdPdBi | 38 TS
AvR A& (PLD) It I fawfia fovan mar 8, et S22 £5adei I,
I G Il BT (magnetic dilution), 3R AT TG & ATEHH ¥ 7% Jaac-d
R & AT A1

MYYSY BT UGAT HIT Y:ErPdBi (x = 0.2(E2), 0.5(E5), 0.8(ES)) Uddll TRl &t Sir
IR § Al £3AaCH ST & YT &1 LT fbar S 9b, St ATHRI:
OISR U ¥ T8 3R UAE® T (diamagnetic) YPABi TR AR gidl &1 Taft
e - Tfd® (semimetallic) SIIER USRId dxdl & SR g duwH ®R
S{fIaTAdHT (superconductivity) & P Tahd adt &1 ES (x = 0.5) fohed 7 sifiraad
3T THHUT ATTH (~4.4 K) SR, 1Y & = SicH Ma=fiedr (mobility) 3R
So! TIRUL-GHETAT AaTS (phase coherence length) faarg | agl E2 3R Es fohedl A
HH: ~2.2 K 3R ~3.7 K & Te AF Ud fbu| fovga ddel-gi e Am=r A
AU uerdf ot ARy favarsh, S f FHSR UfadidIeRun (weak anti-
localization, WAL) 3R =TI 81 (SdH) ST, 1 ISR o | IRUL-GHReud]
TETE & UTaR-Al [IRANT H 2D Hdg! a1 Bt Iurufd Bt gfY g1 FHapra 718 ot
B (~n) 7 fore wifag o Iufufa & g fear| vus-Rigia DT TorTei
3 §8 IACHR (band inversion) b Y TR-JS CIUIANTSIH T 88 HH DI Y &1, Sl Er
AT & de- & 1Y I-f fafm fosansit gR1 veferd geiml o’y =0 9 E5 fihem 1
31 .S58 & Bl TR & JHIT B8R V, Id HicH AU 3R Tfasiierar uerfd
&1 Ig a1 ¢ [P Er-SIt8 YPdBi Udel WRdl # Sffdaraddl 3R uaioed 88
I & e Hoed 3fa:forar gt 2|

TN BT AT HIT How, Y,PdBi (x = 0(Y0), 0.2(Y2), 0.8(Y8)) Tael TRl R Hfad g,
Sl 9ED T Ho* TIA! B! TP Y ST § WaRUd - ¥ b 3R
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uRag T <t # uRad oer B 1 fagga ufeRivedr 3w et & orf_enfas
Ohia quT Sifcrareies Hehur faaman| faviy &0 x=0.8 (Y8) fthed 7 ~2.8 K WR YA
UICRIUTHS SR U &1, Tafh Y0 3R Y2 et o o a8 3 HHRT: ~0.9 K 3R
~2.1 K 3511 Y8 fhed ¥ dch Sffcraraiobal &l Ac GafRfaferdt ara= grr gfy e,
o e ufaeaeta ufaferar iR 5.7 T d% &1 I=IaH hifad & (upper critical
field) UTAT 1T | BHICI-XRRST ATGH! § 7 &3 )R WAL SRt fa=iamd fiees €f HLN
Hisd ¥ I AT A T fob WAL T &9 3D dch HeaRM ¥ 3dd gidl ¢
1Y Y, fo=eioor ¥ Wy g1 fah vo 3R v8 fhet # gera: SaideH-sadae H UdbivH
(e scattering) AT §, Tafd Y2 fheq H 39 ifaRad sAde-BHMA (eph)
gap1ui ot e 8, S 3 et o ot Sufufa &1 Gbd ar g

3ifa URT H, ~1% 791G & 37efF GdPdBi Tael TRal & IS 3R URagH
fa=Iwdraf &1 3rema fohan T | Ta- faad- iR YeraRf faRawun = Se &1 o
T ~1% qfey d-1a aTell Thd-aRUl § 3o TUrax aTal (e @ g &1 | arg-fRa
3T H fg-ITTH T (dual conducting) IR &l T F= dIUH W Ylfcdeh
FAER 3R T<~3.5 K R AfATH TIGR | TGT Sl 19 ~10.2 meV HIIT T, S b
AT (~70 meV) T BB BleT §, 3R T8 d19-IRd 8 Ipad & efar g1 -
IR A1 = g 83 IR WAL SR fa—iand fd@rs | HLN Afed & fa=elsor s/arar
8 foF o- e Hifae T U Srarafas § SR IReudl daTs fihed Bt JieTs 4 Bl &,
R g R 811 8 fF WAL 3D ocsh heaRM ¥ I 8T 31 HIv-fAk fver-
Hedey - gg gy o for wAL St faRiward 2D Idg srawisii § 71, sfchd uad
SOC (spin—orbit coupling) % HRUT 3D Feh AR ¥ IUA g5 |

T ¥ 0 ¥, T8 WMeve Sidl § fb £Zade SIUT, ST gdarE, 3R dfed
19 HH Tdel IRl # SicH uikdg iR cuiaifoed on & fHafd & & fag
guTd e 8 1 T e Sttt d sifaarad! o fewrg- § Heayu eBdiv tem
IR ¢ 3R e, HicH $EeF, U9 Sudied god WehiR 3 i &
SITANTT BT AT IR R B
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(a-c) The room-temperature powder X-ray diffraction pattern (red circles) of Hoi-
«YxPdBi (x = 0,0.2, and 0.8) bulk sample, with the Rietveld refinement profiles, the
fitted Bragg peak positions, (d-f) X-ray diffraction pattern of thin films indicating
the presence of (110) symmetrical Bragg’s reflections only. The inset shows the
rocking curve (6/20) of (220) peak.

(a-f) show the cross-sectional EDX mapping of HoPdBi film; (g) the thickness of
HoPdBi (YO0) film shown in cross-sectional view of FESEM image ~ 111nm.

The cross-sectional view of FESEM image with thickness of (a) HoosY0.PdBi film
(Y02) ~ 119 nm, (b) Hoo2Y0.sPdBi film (Y08) ~ 120 nm.

EDS spectra of the plane of the films (a) YO, (b) Y02 and (¢) YO8 thin films,
respectively. Insets: the FESEM elemental distribution table of films.

(a) The p,, versus T plots of YO, Y2, and Y8 thin films in the range of temperature
0 K < T <10 K at zero magnetic field respectively. The inset graph shows p,,
versus T plots in the range of temperature 0 K< T <300 K at zero magnetic field of
YO0, Y2, and Y8 films, respectively, (b) variation of superconducting transition
temperature (7.) and thin film lattice constant (a;) with Y concentration for the
Ho(1-x YxPdBi films. The inset depicts the 7. vs a; plot of films.

(a) X'ac for driving fields of 0.10e, 0.50¢, and 10e of Y8 film. Inset illustrate
corresponding X"ac, (b) The p,, vs temperature curve for Y8 thin film in the range
of temperature of 2 K<T<10 K at the different magnetic fields, (c) The slope
estimates an upper critical field H,(0) at absolute zero temperature ~ 5.57 for Y8
film using Ginzburg-Landau (G-L) equation, (d) The extrapolated G-L fit (red solid
line) yields the H.,(0).

The magneto-resistance curve at various temperatures for (a) YO0, (b) Y2, (c) Y8
films; (d-f) Magneto-conductance (MC) curves at various temperatures fitted with
HLN mode for (d) YO, (e) Y2, and (f) Y8 films; [, and « films extracted from
HLN fit at 4K, 5K, 6K, 8K, and 10K for (g) YO, (h) Y2, and (1) Y8.

The combined power law fitting, lfpz vs T plots (a) for YO film, (b) for Y2 film, (c)
for Y8 film. Inset: shows the [, o T~P/2 fit to obtaine the p value for HYPB films.
a) Gonio mode XRD pattern with Rietveld refinement of the polycrystalline bulk
sample of GdPdBi; (b) Gonio-mode XRD pattern of the thin film of the GdPdBi/Ta
(5nm)/MgO substrate; inset: rocking curve along the (220) plane of the film; (c)
Cross-sectional FESEM micrograph of the GdPdBi thin film on the Ta/MgO
substrate; (d) EDS spectrum and elemental distribution of the film plane surface.
(a-d) represents the SEM and Elemental color mapping images; (¢) AFM image
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Figure. 5.3

Figure. 5.4

Figure. 5.5

depicting the surface roughness of GdPdBi thin film as ~ 5nm, of GdPdBi thin
film.

(a) The MR of GdPdBi thin film at various temperature; (b) magneto-conductance
AGx as a function of the perpendicular component of the applied magnetic field
Hcos@(T) at 6K in the field -3T < H(T) < 3T, where AGx is defined as Gu(H) —
Gxx(0).The inset illustrates the schematic of the measurement configuration, with
0=0° corresponds to the magnetic field being perpendicular to the sample surface.
(a) The HLN fitting curves plotted in solid black lines in field range + 2T; (b) HLN
fitted parameter a in temperature regime 1.9K< T'(K) < 8K; (c) The coherence
length in temperature regime 1.9K< T'(K) < 8K, for GdPdBi thin films.

(a) The field dependent longitudinal electrical resistivity (p,,) of GdPdBi thin film
with temperature, inset: Fitting of temperature dependent conductivity (o) data at
0T with semi-conducting channel in the range of temperature 3.5 K < T < 300 K;
(b) The inverse of square of [, with respect to temperature represented in black

symbols.
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