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Recent progress of ultrafast laser technology is now opening new prospects in various
fields, including not only conventional physics but also biophysics and medical sciences. This is
due to the fact that ultrafast lasers are capable of producing high-rate and stable optical pulse
trains with sufficiently high-peak power, which is vital for ultrafast spectroscopy or material
processing. As part of their many applications, ultrafast lasers are used as an excitation source
for the generation of electromagnetic waves in the far-infrared region, which is now known as
terahertz (THz) radiation. The generation and detection of THz-radiation has been widely
studied, due to its potential importance in a wide range of applications, including
sensing/imaging of biomaterials or identification of environmental contaminations. To facilitate
such applied research, there is an urgent need to develop a compact light source capable of
producing intense and ultrashort THz-radiation. To date, various THz-radiation sources
including photoconductive switches, semiconductor surfaces, and the nonlinear optical process
have been reported by utilizing ultrafast optical pulses. Among them, using semiconductor
surface has attracted a great deal of attention, since it provides intense THz-radiation without
chemical processes or microfabrication techniques for emitter preparation.

In this thesis, femtosecond-laser-irradiated InAs surface was used to generate intense
and ultrashort THz-radiation, and the excitation-fluence and magnetic-field dependence of
THz-radiation power was investigated. From these experiments, valuable results were obtained,
which give us a clear insight in exploring the physical origin of THz-radiation from InAs. From
the results of excitation-fluence dependence, it was found that there are two regions for the
excitation-fluence dependence of THz-radiation power. At low excitation fluence, a
quadratic-dependent enhancement of the THz-radiation power is observed with increasing
excitation fluence. In contrast, at high excitation fluence, the enhancement factor is gradually
reduced, and the radiation power becomes proportional to a logarithm function of the excitation
fluence. These results can be explained by considering the photo-Dember field as the source of
THz-radiation. It was concluded that the THz-radiation is mainly generated by the
surge-current, which originates from the different diffusion velocities between photoexcited
electrons and holes. For magnetic-field dependence, two completely different behavior were
observed depending on the excitation fluence. These results are explained by taking into
consideration the different mechanisms of magnetic-field induced enhancement of THz-radiation
power. At low excitation fluence, the enhanced THz-radiation mainly originates from the carrier
acceleration by the surface electric field. The Lorentz force changes the direction of carrier
acceleration toward surface parallel, and the THz-radiation power is enhanced regardless of
magnetic field direction. In contrast, at high excitation fluence, the surface electric field is
almost screened out and the diffusion process becomes significant. By applying a magnetic field,
the dipole is rotated to the direction in which the THz-radiation is efficiently or inefficiently
extracted from the surface, and the radiation power is either enhanced or reduced depending on
the magnetic-field direction. Moreover, the magnetic-field dependence of THz-radiation power
was measured up to 27 T, which is the strongest magnetic field ever reported. This is a
collaboration work with Tohoku University and some exciting phenomena were successfully
observed. From these results, it is found that THz-radiation power saturates at approximately 3
T and also at 13 T, and that the THz-radiation power at 3 T is much higher than that at 13 T.
This result leads to the conclusion that a 3 T magnetic field is optimum for the generation of
intense THz-radiation from an InAs(100) surface. Additionally, a peak shift of THz radiation
spectrum toward lower frequency was observed with increasing magnetic field, and also a clear
periodic structure in the THz-radiation spectrum at magnetic fields above 10 T. The physical
origin of these phenomena is still under discussion, however, one possible explanation is given by
the emergence of magneto-plasma effect. The experimental results prove that there is a big
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possibility of coming across really exciting results in the field of ultrafast laser technology in
cooperation with high magnetic field.

To generate the maximum THz-radiation power at much smaller magnetic field, other
promising material as a THz-radiation source was sought and focus was made on InSh(100)
surface irradiated by a communication-wavelength fiber laser. It is found that at 1560-nm
excitation, THz-radiation power from InSb is significantly enhanced by an external magnetic
field, and the maximum radiation power is obtained at magnetic field of 1.2 T. There are two
significant advantages of using InSb rather than InAs. One is the capability to use an Er:fiber
laser as an efficient excitation source, since more compact and high-average power fiber lasers
should be available in the near future with the rapid progress of these lasers for optical
communication. The other is the low optimum magnetic-field that can be easily achieved with
slight modification, or by scaling down the previously-designed 2-T magnetic circuit.

For the generation of broadband THz-radiation, focus was done on n-type InAs
irradiated by ultrafast optical pulses, and the magnetic-field dependence of THz-radiation power
was measured. The physical origin of the higher-frequency component is found to be the hybrid
modes of coherent plasmons and longitudinal optical phonons. Additionally, it is also found that
THz-radiation power from the hybrid modes can be enhanced by applying an external magnetic
field. From the viewpoint of engineering, this is the significant advantage of using n-type InAs
under magnetic field, since the broadband spectrum in this frequency region is strongly required
for spectroscopic works, which cannot be achieved by other schemes.

In conclusion, the intense and ultrashort THz radiation sources were successfully
developed by using semiconductor surfaces under magnetic field. For InAs irradiated by 800-nm
laser, the maximum radiation is achieved by applying a magnetic filed at 3 T, and some
interesting phenomena induced by the emergence of magneto-plasma effect are clearly observed
under the effect of high magnetic field. Additionally, using n-type InAs under magnetic field is
found to be the practical method to generate broadband THz-radiation, and the origin of
higher-frequency component is identified to the hybrid modes. For the application viewpoint, the
compact THz-radiation source is required, and InSb irradiated by 1560-nm laser is found to be
the promising light source, since more compact and high-average power fiber laser should be
available in the near future with the rapid progress of these lasers for optical communication.
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HBEARRENSRHINDEITIANINYBHRIEOKFEBEEZHAS ML, ERE/L &IRHR
LIC KL EREHERTIENTERE, TNEORBREITELETETHLIANENEEX
553, 2B, MEXRTEAITHCHZERDEND., INHICE-> T, BBEEREEL
(L%) ORMEZTIERNHZ2DDERD S,

B, ORBBRICBWTEEZENSEBRVUEMZNKZOLD., (DXaE—LV A
O, QXTHEHOFEE, XTAM) vy I/HIFORBEENBEZNEZN, WTHO
FECE L THAKAICETAEENEGEONZ. 2UmX UM THRFOXREBE R ERE
LTnaZE, ERESIEBVWTHEBEBTORREZRET > TSI ENS T 7RKEFERD
EHELTWSEHBLUE. /2. NERERRATBVNTHHEREZIH L THHHRRE %
T, BEFRIEL(ET@HICHEBL W EHEL &,

- 268 —





