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Introduction to the Issue on Optical
Modulators—Technologies and Applications

W E ARE pleased to introduce the IEEE JOURNAL OF

SELECTED TOPICS IN QUANTUM ELECTRONICS (JSTQE)
Issue on Optical Modulators—Technologies and Applications.
The last decade has seen a convergence of photonics, com-
puting, and interconnect technology, and the optical modulator
has been central to these developments. In particular silicon
photonics-based devices have emerged as a leading candidate
for many short-reach applications, but they do not yet com-
pete for some more traditional applications such as long-haul
communications, or applications for deposited photonic circuit
technologies. Consequentially, the evolution of optical modu-
lators is fascinating, and the relative performance of devices
fabricated in different technologies, as well as the cost of these
solutions, will determine the dominance or otherwise of a given
technology in a given application area.

This issue focuses on recent work on modulators fabricated
primarily in silicon, lithium niobate, III–V semiconductors, and
polymers, and includes fundamental device work to parametric
optimization for specific applications. This issue contains 24
papers, including 10 invited and 14 contributed papers, authored
by some of the leading research scientists in the world. The
papers cover the broad scope of research representative of this
rapidly evolving field.

1) Silicon photonics In these papers, the operation, analy-
sis, and performance of silicon-based modulators are dis-
cussed. The typical performance parameters of interest are
modulation bandwidth, ease of fabrication, energy con-
sumption (Joules per bit), cost, ease of integration, and
scalability. Silicon photonics devices have emerged as the
leading candidates for short-reach interconnect, including
intrachip devices, but are also considered as a leading can-
didate for mass markets such as fiber to the home, lab on
a chip, and consumer device interconnects.

2) Lithium niobate The technology, which is involved in the
fabrication of lithium niobate modulators, is already ma-
ture, and such devices are widely implemented in optical
telecommunications networks and elsewhere. This is re-
flected in the contributions to this issue where, with the
exception of the discussion of using ferroelectric domain
engineering in the performance enhancement of lithium
niobate integrated optical devices, the majority of papers
are relevant to smart use of lithium niobate modulators in
optical signal processing applications.

3) III–V semiconductors These semiconductors provide a ba-
sis for compact and efficient modulators with very high
performance to be realized, as well as facilitating mono-
lithic integration with other photonic functions to cre-
ate high-functionality optical circuits. With high-volume
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production already well established, current research con-
tinues to expand the capabilities of III–V platforms and
offers exciting prospects for the future. Papers published
in this issue provide insights into the design, fabrication,
and performance characteristics of modulators and pho-
tonic integrated circuits based on GaAs and InP, thereby
providing a reference for the present state of the art, as
well as addressing specific applications in the telecommu-
nications and microwave photonics fields.

4) Polymer-based modulators Polymers have long held the
promise for modulator technology of increased speed and
reduced power consumption. The past several years have
seen significant advances in using polymers for modula-
tor, interconnect, and signal processing applications. The
papers on this issue deal with many different challenges,
including fabrication in a hybrid material system, differ-
ent types of optical wave modulation, material robust-
ness, photonic integrated circuits, and optical interconnect
demonstrations.

We hope you will find that this JSTQE issue on optical mod-
ulators stimulating, exciting, and a useful reference text. Fur-
thermore, we believe that this issue will serve as a benchmark
for the technology, and will stimulate further advances in this
rapidly growing field.
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