DOCTORAL STUDIES COURSE UNIT DESCRIPTION

Name of subject Scientific Field Center Center/Institute/
Department
Ultrafast Semiconductor | Materials Center for Physical | Optoelectronics
Devices Engineering T 008 Sciences and
(7,5 ECTS credits) Technology
Student’s workload Number of credits Student’s workload | Number of credits
ECTS ECTS
Lectures Consultations — 8
hours

Individual study — 120 7,5 Seminars — 2 hours
hours

Course annotation

Fundamentals of charge transport in ultrafast sesmiconductor devices. Hot electron effects
in strong electric fields: negative differential conductivity, impact ionization, drift velocity
overshoot. Hot optical electrons: characteristic time scales and the main effects. The role of
contact phenomena in ultrafast devices.

Photonic devices. Ultrafast semiconductor lasers. Dynamics of laser diodes. Photoresistors, p-
i-n , and avalanche photodiodes. Saturable absorbers for ultrafast mode-locked lasers. Ultrafast
light modulators. Optical switches.

Devices using quantum phenomena. Resonant tunnelling diodes and resonant tunnelling
transistors. Single electron transistors. Quantum dot and quantum well laser diodes. Quantum
cascade lasers.

Terahertz frequency range electronics. Optoelectronic methods of THz generation and
detection. Emission of terahertz radiation from femtosecond laser-illuminated semiconductor
surfaces. Passive components of terahertz electronics systems: filters, lenses, modulators,
absorbing and non-reflecting structures. Applications of terahertz radiation in materials
research, spectroscopy of chemical and biological materials, and imaging.
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Subject submission and evaluation

Doctoral students prepare individually, it is planned to provide at least three consultations for
each of them. During the last consultation, the day before the exam, the doctoral student is
notified of the main questions of the exam. Before the examination, the doctoral student must
make a presentation in the seminar on a topic discussed in advance with the lecturers.
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