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Abstract of Thesis

Terahertz (THz) radiation generally refers to the electromagnetic wave from 0.1 to 10 THz. In recent years, THz
radiation has been widely used in many research fields such as semiconductor characterization, imaging,
chemical sensing, and spin dynamics. To meet various needs, researches keep developing new THz emission and
detection techniques. In this thesis, we introduce the THz emitters based on the spin currents and detection
techniques for THz magnetic near-fields and strong THz beams.

The emission with a bandwidth of 1.5 THz based on the spin current in the ferromagnetic heterostructure Co/Pt
is demonstrated. The spin transient launched by the NIR femtosecond laser pulse in the Co/Pt is converted into
the in-plane charge current due to the inverse spin Hall effect, which gives rise to the THz emission towards free
space. The dependence of the THz emission on the Pt-layer thickness is investigated. To optimize the geometry
structure of the new type of emitter, we developed the theoretical model by carefully analyzing the spin transport.
Our model reveals the importance to take into account the interfacial spin loss. It can be used to analyze more
complex heterostructures.

Besides, a magnetically and electrically polarization-tunable THz emitter that integrates a ferromagnetic
heterostructure and large birefringence liquid crystals is demonstrated. The emitter is pumped by NIR
femtosecond laser pulses. The heterostructure Co/Pt and the liquid crystal cell act as the broadband THz source
and the phase retarder between the ordinary and extraordinary waves, respectively. The metallic Co/Pt layers are
also re-used as the electrode on the front side of the liquid crystal cell in addition to the THz source. The few-layer
porous graphene with a high transmittance serves as the rear electrode. The polarization state of the THz wave is
switched between linear and circular polarization through changing the direction of the external magnetic field.
The phase retardation is continuously adjustable over a range of /2 by applying a voltage lower than 8 V on the
electrodes when the frequency is higher than 1 THz. This economical, compact, broadband, and easy-to-regulate
THz emitter can be widely used in polarization-sensitive research and engineering applications.

In addition, the direct detection of the enhanced THz magnetic near-field using the magneto-optic sampling
with a Th3Ga5012 crystal is demonstrated. The substantial enhancement of the magnetic near-field is achieved
by the combination of a tapered metallic waveguide and a metamaterial resonator. The magnetic near-field at the
resonant frequency is enhanced by more than 30 times through the combination of the waveguide and the
resonator. The peak amplitude of the magnetic field with a damped oscillation waveform in the time domain is up
to 0.4 T. Various resonant frequencies can be detected by adopting different resonator designs. This direct
detection technique can be used to monitor ultrafast spin dynamics that are excited by the THz magnetic
near-fields.

At last, the visualization of strong THz beams by utilizing the yellow emission of the high-conductivity ZnO
crystal is demonstrated. The strong THz beam is provided by gyrotrons with output power up to 60 W. During
strong THz beam irradiation, the high-conductivity ZnO crystal exhibits intense emissions with a spectrum peak
of around 2 eV (600 nm) and a longer wavelength tail. The spatial distribution of the yellow emission reflects the
beam pattern. Since the intensive emission is visible for bare eyes and can be easily recorded by digital cameras,
the emission from high-conductivity ZnO crystals can be utilized for the quick diagnosis of strong THz beam

patterns and positions.
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