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Abstract

This lecture explores the fascinating field of optical crystal science and its key appli-
cations in laser physics. It covers laser crystals such as neodymium-doped yttrium
aluminium garnet (Nd:Y3Al5O12), commonly known as Nd:YAG, as well as Nd:YLF,
Nd:YVO4, and titanium-doped sapphire (Ti :Al2O3), shortly Ti:sapphire. The discussion
extends to electro-optic crystals such as monopotassium phosphate (KH2PO4), known as
KD*P, potassium dideuterium phosphate (KD2PO4), known as KDP, and lithium niobate
(LiNbO3). It also covers nonlinear optical crystals such as beta barium borate (BBO),
lithium triborate (LBO), potassium titanyl phosphate (KTP), lithium niobate (LiNbO3),
and infrared crystals such as AgGaS2, GaSe, and ZnGeP2, among others. These materials
are widely used in modern laser systems and photonic devices for frequency conversion,
harmonics generation, parametric amplification, and other nonlinear processes, enabling
laser beam generation, modulation, mode locking for ultrashort pulses and wavelength
conversion across a broad spectral range—from the mid-infrared to the ultraviolet. Con-
sequently, these crystals are fundamental building blocks for extending the capabilities of
advanced laser systems applied in laser spectroscopy, laser ablation, laser surgery, laser
light detection and ranging (LIDAR), and photonic integrated circuits (PICs), among
many others. Such laser systems are widely used in academic research, industry, and
medicine. The lecture will discuss the fundamentals of optical crystals and the criteria for
selecting materials for specific applications, as well as highlight the author’s own research
contributions in this field.
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