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Abstract of Thesis

Terahertz (THz) emission microscopy is a versatile tool that can probe the ultrafast carrier dynamics in a
non—contact and non—invasive fashion in optically excited electronic materials and devices, which provides
precise local information. This technique can extract the especial behavior of ultrafast carrier dynamics
which is inaccessible with traditional optical and optoelectronic approaches in characterizing semiconductor
surfaces and interfaces. Recently, this technique is approaching real onsite applications in semiconductor
research and development. However, to further explore the charge transport in band bending regions and to
observe the multifunctional optical response in the complex multiple layer heterostructure semiconductor
materials. A better understanding of THz generation and emission from semiconductor surfaces is required
The primary cause of the THz emission from wide bandgap semiconductors is the surge current perpendicular
to the surface of the semiconductor. Therefore, the optical excitation angles of the incident femtosecond
laser and THz detection in THz emission microscopy are used around 45 degrees. That is due to the radiation
patterns of dipoles considering Snell’ s law and phased—array effect, the latter of which has not been studied
yet.

In this work, we first investigated how the phased—array affect the THz emission from the semiconductor
surfaces. We studied this optical phased-array effect in THz emission from semiconductor surface by angular
dependence THz emission mechanism from optically excited THz oscillating dipoles in semiconductor surfaces
at focusing and defocusing conditions. We observed that, at the focusing conditions, the THz emission remains
similar to a point source radiation pattern. At the defocusing conditions, a pronounced directivity is observed
for higher frequencies. Later, we studied ultrafast carrier dynamics in GaN single layer, GaN-based
heterostructures, and GaN-based multiple quantum wells (MQW) structures using THz emission microscopy. The
THz emission microscopy on a single layer reveals the majority of carrier types in GaN single layer. The THz
emission microscopy on multilayer GaN-based heterostructure shows the signatures of probing multiple
heterostructure interfaces. The THz emission microscopy on GaN-based MQW structures reveals multifunctional
optical responses attributed to electronic and lattice dynamics. We observed, ultrafast dynamical screening
of built—in bias in quantum wells, capacitive charge oscillations of excited carriers, and coherent acoustic
phonon—driven polarization surge at GaN interfaces

This thesis is composed of seven chapters. Chapter 1 gives the details of the motivation of this research
work. Chapter 2 reviews the principle of THz generation from a semiconductor and explains the general concepts
regarding THz generation from semiconductor surfaces. Chapter 3 deals with the study of the phased—array effect
from optically created THz transient dipoles in semiconductor surfaces. Chapter 4 deals with the THz emission
microscopy on differently doped single layer GaN layers. Chapter 5 focuses on the THz emission microscopy
on GaN-based field-effect transistor (FET) and high—electron—-mobility-transistor (HEMT). Chapter 6 focuses
on the THz emission microscopy on GaN-based multiple quantum well structures (MQWs). Finally, chapter 7

summarizes the thesis based on the findings from THz emission microscopy on GaN-based heterostructures
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