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“This book covers relevant subjects around lithium niobate (LN) nanophotonics, including fabrication 
of LN nanostructures, investigation of nonlinear optical effects, and development of a new generation of 
devices. It also discusses the state of the art of LN nanophotonics and potential applications, providing 
timely information to graduate students, researchers, and industrial engineers who are interested in 
creating innovative photonic integrated devices and systems with high performance and functionality.”

Yongfeng Lu
University of Nebraska-Lincoln, USA

“Lithium Niobate Nanophotonics provides a comprehensive review of the development of functional 
nanophotonic structures and photonic integrated circuits on lithium niobate (LN) thin films. The book 
is well organized, covering both the early steps in LN nanophotonics and the milestone achievements in 
this area. The author is one of the developers of nanofabrication technology for high-quality LN photonic 
structures, such as microresonators and waveguides, and numerous technical details are provided for 
readers. This is not only an essential book for researchers and graduate students currently working with 
LN thin films but also a suitable read for those looking for photonic integration solutions based on other 
material platforms.”

 Hui Hu
Shandong University, China

Photonic integrated circuit (PIC) technology holds great potential for breaking through the bottlenecks 
in current photonic and optoelectronic networks. Recently, a revolution has been witnessed in the field 
of lithium niobate (LN) photonics. Over the past decade, nanoscale LN waveguides with a propagation 
loss of ~0.01 dB and a radius of curvature on the level of ~100 μm have been demonstrated. The 
revolution mainly benefits from two technological advancements, the maturity of lithium-niobate-on-
insulator (LNOI) technology and the innovation of nanofabrication approaches of high-quality LNOI 
photonic structures. Using low-loss waveguides and high-quality-factor (high-Q) microresonators 
produced on the LNOI platform as building blocks, various integrated photonic devices have been 
demonstrated with unprecedented performances. The breakthroughs have reshaped the landscape 
of the LN industry. 

This is the first monograph on LN nanophotonics enabled by the LNOI platform. It comprehensively 
reviews the development of fabrication technology, investigations on nonlinear optical processes, 
and demonstrations of electro-optical devices, as well as applications in quantum light sources, 
spectroscopy, sensing, and microwave-to-optical wave conversion. The book begins with an overview 
of the technological evolution of PICs, justifying the motivation for developing LNOI photonics. The 
next four chapters focus on LNOI photonics. The book concludes with a summary of the milestone 
achievements discussed in these chapters and provides a future perspective of this area of research.

Ya Cheng is professor and dean of the School of Physics and Electronic Science, East 
China Normal University, and professor at the Shanghai Institute of Optics and Fine 
Mechanics (SIOM), Chinese Academy of Sciences. He obtained his BS from Fudan 
University, Shanghai, in 1993 and PhD from the SIOM in 1998. He developed slit-beam 
and spatiotemporal shaping techniques of femtosecond laser pulses for improving 
the spatial resolution in 3D micromachining, as well as photolithography-assisted 

chemomechanical etching for fabricating dense PICs on LN. Prof. Cheng has co-authored more than 
200 peer-reviewed articles and co-authored/co-edited 5 books. He has given ~150 invited talks at 
international conferences and served as the chair or committee member of numerous international 
conferences. He is also a fellow of the Institute of Physics, UK. 
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ixPreface

Photonic integrated circuit (PIC) technology holds potential 
for breaking through the bottlenecks of current photonic and 
optoelectronic networks [1]. Until now, various types of materials, 
including silicon, indium phosphide, fused silica, lithium niobate 
(LN), and polymers, have been investigated as candidate platforms 
for constructing PICs. In a broad sense, LN is recognized as a 
“decathlon winner” owing to the fact that the material properties of 
single-crystalline LN are among the best considered. For instance, LN 
has a wide transmission bandwidth, low optical absorption, and high 
electro-optic as well as second-order nonlinear optical coefficients. 
The initial attempts of developing an LN optical modulator can date 
back to the 1960s, when communication applications based on 
coherent laser beams was beginning to attract attention [2]. The 
decades-long effort in the development and refinement of fabrication 
technologies has resulted in various types of LN waveguides, 
including Ti-diffused waveguides, proton-exchanged waveguides, 
ion-implanted waveguides, laser-written waveguides, and LN 
ridge waveguides. However, conventional LN-based waveguides 
are inherently unfavorable for high-density photonic integration 
applications mainly owing to the large bend radii.
 Recently, a revolution has been witnessed in the field of LN 
photonics. Over the past decade, nanoscale LN waveguides with 
a propagation loss of around ~0.01 dB and a radius of curvature 
on the level of ~100 μm have been demonstrated. The revolution 
mainly benefits from two technological advancements, namely 
the maturity of lithium-niobate-on-insulator (LNOI) technology 
[3] and the innovation of nanofabrication approaches of high-
quality LNOI photonic structures [4–6]. Using low-loss waveguides 
and high-quality-factor (high-Q) microresonators produced on 
the LNOI platform as building blocks, various LN devices have 
been demonstrated with unprecedented performances. The 
breakthroughs have reshaped the landscape of the LN industry.
 This book starts with an overview on the technological evolution 
of PICs, by which the motivation of development of LNOI photonics 
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will be justified. Focus is on LNOI photonics in the next four chapters. 
Chapter 2 describes the fabrication technology of LNOI photonic 
structures. Chapters 3 and 4 focus on nonlinear optical processes 
and electro-optic tunable devices based on LNOI photonic structures, 
respectively. Chapter 5 discusses a miscellaneous collection of LNOI-
based PICs and integrated devices for a wide range of applications. 
Finally, the book is concluded with a chapter that summarizes the 
milestone achievements discussed in the previous chapters and 
provides future perspectives of the area of research.
 Y. C. acknowledges the support for his work from the Minister 
of Science and Technology in China, the National Natural Science 
Foundation of China, the Chinese Academy of Sciences, and the 
Science and Technology Commission Shanghai Municipality. He 
also thanks Min Wang, Junxia Zhou, and Renhong Gao for their kind 
assistance.
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