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Abstract

Spintronics combines both electron spin and charge. This work explores a promising use of spin-
tronics: terahertz (THz) emitters. Conventional spintronic THz emitters (STEs) use ferromagnet-
heavy metal heterostructures. This thesis investigates novel THz emitters utilizing heterostructures
of antiferromagnetic materials and quantum materials with the heavy metal platinum (Pt). This

approach allows us to investigate the fundamental physics of these novel STEs.

We employed insulating antiferromagnets, namely NiO and a-Fe,05, alongside the quantum ma-
terials, Fe;Sn (a ferromagnetic Weyl semimetal) and FeSn (an antiferromagnetic Dirac semimetal).
The thesis focuses on the optimization of the epitaxial growth of these materials and the subsequent

characterization of their THz emission properties.

We demonstrate the epitaxial growth of NiO films on MgO and Al,O; substrate by employing
pulsed laser deposition (PLD). We show that the existence of crystalline twins in NiO films on
Al, O substrate reduces the THz amplitude from the NiO/Pt system by an order of magnitude while
simultaneously changing the azimuthal dependency of the THz amplitude. We demonstrate the
epitaxial growth of @—Fe, ;5 in three distinct orientations, namely R-, A-, and C-planes, employing
PLD. By using the R-plane a—Fe,05/Pt, we demonstrate a substantial enhancement of the THz
signal, nearly one order of magnitude greater compared to the A- and C-planes a—Fe,O5/Pt. Our
investigations on both NiO/Pt and a—Fe,O5/Pt establish that the sample azimuthal dependence of
THz emission in these systems is linked to the spin domain distribution as well as the crystalline
symmetry of the thin films. Furthermore, in both cases, the mechanism is believed to arise from

impulsive stimulated Raman scattering- a highly non-linear optical process.

In the case of quantum materials, epitaxial thin films of Fe;Sn and FeSn are successfully grown
using a Pt seed layer. We report a significant THz emission in the Pt/Fe;Sn system, which is
twice the amplitude of that from a 1 mm ZnTe crystal. The mechanism of THz emission in the
Pt/Fe;Sn system is attributed to spin-charge conversion. In the case of Pt/FeSn, we observe a
strong helicity-dependent THz emission, which is a signature of the circular photogalvanic effect

(CPGE)-an indication of the quantum property of FeSn.

In summary, the thesis demonstrates the influence of crystal structure, material properties, and
incident laser parameters on the THz emission characteristics of novel STEs. This study is
significant not only for uncovering the fundamental physics of these STEs but also for the future

application of THz radiation in defense, communication, space, and medical fields.
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