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We would like to celebrate Prof. Bimberg’s 80th birthday, 10 July 2022, through the
publication of this Special Issue. Prof. Bimberg is one of the great pioneers, having con-
tributed decisively over many decades to the nanomaterials and nanophotonics community.
His work stands for remarkable discoveries on the growth and physics behind nanostruc-
tures. Based on these fundamental discoveries, he developed many novel concepts for
photonic and electronic devices, including high-speed QD- and QW-based VCSELs that
have significantly improved the energy efficiency of data communication.

In a world first, he and his research team demonstrated in 2011 that VCSELs can
have an extremely low energy-to-data ratio (50 fJ/bit) in terms of their application to data
communication. This unprecedented breakthrough led to the resurgence of the use of
VCSELs emitting in the near-infrared. In this Special Issue, we highlight recent progress in
the application of ultra-high-speed VCSELs to advanced data/telecommunications. Prof.
Si-Cong Tian et al. reviewed the progress in short-wavelength (850 nm) energy-efficient
high-speed vertical-cavity surface-emitting lasers for data communication [1]. In addition,
by combining these state-of-the-art high-speed 850 nm VCSELs with high-performance
pre-distorted laser driving circuits for advanced modulation formats, Dr. Urs Hecht et al.
have demonstrated high-quality >100 Gbit/sec transmissions per channel [2]. In order to
further enhance the bit-rate-distance product of VCSEL-based transmitters, increasing the
lasing wavelength from 850 to 1550 nm is the most obvious means to achieve this goal.
Prof. Andrey Babichev et al. reviewed the recent progress in long-wavelength (1550 nm)
high-speed VCSELs with single-mode performance for data communications [3]. Moreover,
he and his team have demonstrated a novel type of wafer-fused high-speed VCSEL with
excellent performances at 1550 nm [4]. In contrast to VCSELs that use traditional distributed
Bragg reflector (DBR) mirrors, the use of high-contrast grating (HCG) structures as the
top mirror is an alternative solution in high-speed VCSELs. Recently, HCG VCSELs
have shown significant potential in terms of further suppressing relative-intensity noise
(RIN) and benefiting the high-speed transmission of VCSELs. Here, Prof. Anjin Liu et al.
demonstrated that surface-emitting lasers with surface metastructures could attain this
goal [5].

In addition to the use of for high-speed VCSELs in data transmission, high-power
VCSELs are emerging as killer applications in relation to sensing, such as in the case
of structured light and time-of-flight LiDAR. Due to the small cavity length and DBRs,
VCSELs exhibit much smaller wavelength drifts in the case of temperature variations.
Compared with their edge-emitting counterparts, VCSELs can be tested on wafers and
be directly integrated with driver circuits. Here, Dr. Takashi Kondo et al. demonstrated
an all-monolithically integrated self-scanning addressable VCSEL array with a compact
module size and excellent performance in 3D sensing applications [6]. In addition, Dr.
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Ching-Yao Liu et al. demonstrated a high-peak-power pulsed laser diode driver based
on advanced GaN HEMT technology [7]. In addition, further pushing VCSEL lasing
wavelengths to blue and UV regimes will definitely lead to novel applications for sensing,
visible light communication, and data storage. Prof. Tatsushi Hamaguchi reviewed the
recent progress in GaN-Based VCSELs with the example of a monolithic curved mirror with
excellent characteristics [8]. Moreover, Dr. Nathan C. Palmquist et al. demonstrated such a
GaN-based VCSEL with the capability of CW lasing under room-temperature operation
with a narrow divergence angle of its far-field patterns [9].

The exploration of new active layers of semiconductor lasers is, of course, one of the
most important ways to fundamentally improve laser performance. Recently, lasers that
use QD as the active layer have shown superior dynamic and static performances to those
that use QW active layers under high-temperature operation (around 85 ◦C or even higher).
In addition, QD lasers are more resistant to dislocation defects QW lasers when used as
a reference on the Silicon photonic platform. Here, Kaiyin Feng et al. demonstrated a
QD laser directly grown on 300 mm silicon wafers with high yield and reliable results
ready for commercialization and scaled production [10]. In addition, Fedor Zubov et al.
demonstrated a novel microring laser with a dot-in-a-well active layer design to improve
the gain of traditional QD active layers [11]. Due to the smaller density of states in the
QD active layer than those in QW examples, some potentially abnormal behaviors have
been observed in QD lasers with the promise of some novel applications. Here, Dr. Ivan
Makhov et al. demonstrated two-state lasing using microdisk laser diodes with QD used
as the active region [12].

In summary, the development of high-speed and high-power VCSELs and QD semi-
conductor lasers are currently competitive research areas. Continuous improvements in
the performance of VCSELs and QD lasers promise to aid in increasing the data rate from
fiber channels to the end user. We hope that the present Special Issue, which highlights
some parts of Prof. Dieter Bimberg’s great academic achievements, may not only serve as a
summary of different research lines but also be an inspiration for current researchers and
those who are just beginning their professional association with these exciting fields.
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