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This course is the elected course for graduate students in Optoelectronics Science and Technology. After
the completion of this course, students should know the following items. (1) The basic priciple of ultrashot
lasers, (2) Property of ultrashort pulse, (3) The modulation of ultrashort pulse, and (4) the application of]
ultrafast lasers. Students will need to grasp the basic principle of ultrafast short pulse, learn and cultivate the
ability to analyze and solve the problem in the filed of ultrafast photonics, and in-depth understanding of their|
physical concepts. It is essential for students to engage in research and development of optical information
technology in the future.
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Teaching Methods: lecture, tutorial, students will choose the related topics to present and discuss during
the lecture.

Innovations: This course will provide students first-hand opportunities to master problem-solving skills with
modern laser technology. In addition to theoretical teaching, this course will include a variety of modern laser|
technology applied to scientific research. This course will not only enable students to master the relevant
knowledge, but also can serve for their graduate research based on these advanced measurement
techniques.
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Week 1. Introduction: Brief overview and motivation of the course, discussing key attributes of ultrashort
laser pulses and some application examples. Important background material, including simple
electromagnetic and laser essentials, is reviewed.

Week 2 & 3. Ultrafast Laser Generation: Basic principles of laser mode-locking in some depth. The intent
is not only to cover one of the most interesting topics at the outset, but to use the discussion on mode-
locking as a physical context in which to introduce a variety of important ultrafast optical effects (e.g.,
dispersion, filtering, self-phase modulation), many of which are themselves treated in detail in subsequent
chapters.

Week 4 & 5. Amplification of Ultrashort Pulse: Femtosecond pulse amplification technique, leading to
realization of pulse with ultrahigh peak power, will be discussed in detail.

Week 6, & 7. Ultrafast Nonlinear Optics: 2™ and higher-order nonlinearities, including the second-
harmonic generation (SHG), refractive index, etc, Topic include self-phasemodulation, pulse compression,
solitons, continuum generation, etc.

Week 8 & 9. Time Resolved Photoluminescence: The important application of time resolved
photoluminescence will be introduced. Various kinds of measurement techniques including time correlated
single photon counting (TCSPC), streak camera and time resolved upconversion technique will be
discussed in detail.

Week 10 & 11. Ultrafast Transient Absorption: The basic principle of time resolved transient absorption
technique will be discussed in detail. The optical component, the basic principle and the application of]
transient absorption will be shown.

Week 12 & 13. Ultrafast Laser Micromachining: Theory of laser ablation, the fundamentals of laser-
material interaction and application to multiscale surface modification will be discussed. Moreover, laser
manipulation, laser synthesis of nanomaterials, and ultrafast laser micromachining and patterning will be
introduced.

Chapter 14 & 15. Introduction to THz: General introduction of THz and the THz time-domain
spectroscopy, a technique that provides exciting capability for materials characterization and sensing in a
spectral region that is difficult to access by either direct electronic or optical means, is discussed.
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it R B SE£%E Textbook and Supplementary Readings
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Andrew M. Weiner, Ultrafast Optics, Wiley, 2009

SERH

1) Orazio Svelto, Principles of Lasers, 5" Ed. Springer (New York), 2009

2) Wolfgang Demtroder, Laser Spectroscopy: Basic Concepts and Instrumentation, 3 Ed. Springer (New
York), 2013

Textbook:

Andrew M. Weiner, Ultrafast Optics, Wiley, 2009

Supplementary Readings:

1) Orazio Svelto, Principles of Lasers, 5" Ed. Springer (New York), 2009

2) Wolfgang Demtroder, Laser Spectroscopy: Basic Concepts and Instrumentation, 3™ Ed. Springer (New
York), 2013




