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Overview

The annual power consumption of datacenters in Japan
accounted for 1% of Japan’s total power consumption in 2015. As
the speed and capacity of data processing and transmission
increases, power consumption is steadily increasing, and reducing
that consumption is becoming a serious issue. To address this
issue, Dr. Shinji Matsuo, a senior distinguished researcher at NTT

Device Technology Laboratories and NTT Basic Research Labo-
ratories, is researching and developing innovative technologies
for high-density integration of compound semiconductors on silicon substrates to enable photonics-
electronics converged integrated circuits. We interviewed him about the progress of his research and his

attitude as a researcher.
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One aim of the IOWN initiative is to achieve
ultra-low power consumption

—Would you tell us about your current research?

In 2015, when I was last interviewed, we had just
established the basic technology for fabricating semi-
conductor lasers on silicon (Si) substrates. Since
then, our team’s efforts have paid off, and we have
moved from the research phase to the development
phase. At that time, some people were skeptical about
our technology because it was new, but now I feel that
things are changing favorably. Research on this tech-
nology embodies the very characteristics of NTT
Device Technology Laboratories, which is engaged
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in an integrated approach from basic research to
applied research on semiconductor devices then to
practical application and development of such devic-
es.

We are currently investigating technology for mak-
ing our devices more socially acceptable and usable,
and working on two major themes. One is developing
device technology for high-density, low-power,
short-range optical interconnections [1]. The devel-
opment of the Internet-of-Things and the expanded
use of artificial intelligence will increase the speed
and capacity of data processing and transmission, and
power consumption is expected to increase. There-
fore, reducing power consumption is a serious issue,
and achieving ultra-low power consumption is one of
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Fig. 1. Fabrication procedure and structure of an LD on Si.

key themes of the Innovative Optical and Wireless
Network (IOWN) initiative that NTT has been pro-
moting. To address this issue, we are conducting
research and development on optical interconnection
to increase the speed and reduce power consumption
of electronic equipment used for data processing and
transmission by applying optical technology to short-
range communication on printed circuit boards of
equipment installed in datacenters, etc., which have
traditionally been connected by electrical wiring.
We are developing thin-film (membrane) directly
modulated laser diodes (LDs) fabricated on Si sub-
strates as a light source for intra-board optical inter-
connection (Fig. 1). By fabricating LDs on Si sub-
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strates, Si photonics technology can be applied to
fabricate optical devices, such as wavelength-multi-
plexing circuits and photodetectors, with high density
and at low cost. Forming LDs on a silicon-dioxide
(Si02) layer having a low refractive index makes it
possible to achieve smaller and lower-power-con-
sumption LDs. To fabricate LDs with even lower
energy consumption, we are currently developing
LDs using photonic crystals. We want to contribute to
the development of future information-processing
infrastructure by increasing transmission capacity
and enhancing high-density integration of LDs as
well as integrating LDs with arithmetic processing
circuits such as central processing units and graphics
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Fig. 2. Directly modulated laser on SiC substrate with bandwidth of over 100 GHz (world’s fastest).

processing units.

The other theme is developing a directly modulated
laser with the world’s fastest bandwidth of over 100
GHz (Fig. 2). In collaboration with Tokyo Institute of
Technology, we fabricated a membrane laser that
uses an indium-phosphide (InP) compound semicon-
ductor on a silicon carbide (SiC) substrate, which has
a high thermal conductivity. This laser is the world’s
first directly modulated laser with a 3-dB bandwidth”
exceeding 100 GHz and can transmit signals of 256
Gbit (256 billion bits) per second over 2 km. This
achievement was published in the online breaking-
news version of the British scientific journal Nature
Photonics in 2020 [2, 3].

Although directly modulated lasers are now widely
used in datacenters, their limited modulation speed
has been an issue. We believe that our technology for
fabricating such lasers makes it possible to cope with
the expected increase in traffic at low cost and low
power consumption, and if research and development
of this technology further advances, it will contribute
to enabling the high-capacity optical-transmission
infrastructure for supporting IOWN. We aim to
develop a high-speed, high-capacity communication
infrastructure beyond the limits of conventional infra-
structure by using innovative technologies centered
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on optical technology.

—What do you consider important when searching

for research themes?

I think it is essential that researchers collect infor-
mation. I actively participate in academic conferenc-
es and talk directly with researchers both inside and
outside the company to carefully monitor the trends
of NTT’s technologies and the technologies that com-
petitors are focusing on. When [ was inexperienced, I
was sometimes reluctant to attend conferences
because I was worried that I would not understand
what was being presented or be able to talk to senior
or highly respected researchers. However, as I gained
experience, those worries have eased. I am now
closer to the generation of eminent researchers and
speakers and have been invited to give lectures. When
I think about the fact that [ am now being approached
by people to whom I once thought it would be diffi-
cult to even speak, I realized the importance of accu-
mulating experience and only experience and effort

*  3-dB bandwidth: A frequency band in which the output power of
the laser, which decreases with increasing frequency, attenuates
t0 70.7%.
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make it possible to earn an appreciation from others.

When [ was younger, I felt more comfortable study-
ing through papers than interacting with researchers
at conferences because I was not used to speaking
English. However, I realized that it is difficult to
receive new stimuli just by studying in the laboratory
and recognized the usefulness of attending a venue
such as an academic conference and intensively col-
lecting information and making decisions.

It is also important for your research to be under-
stood by others so that you can continue it. As my
interactions with researchers around the world have
increased, I have seen them express their ideas in a
straightforward and appealing manner, and I have
come to understand the importance of expressing
ideas assertively. In consideration that research is
about creating a brighter future, it is only natural that
if you cannot convey to the people in front of you how
your research envisions a brighter future, they will
not understand it. Moreover, people have an image of
researchers being steady and hardworking, and I
think we take pride in that reputation; however, con-
sidering that we are corporate researchers, I think it is
also important to pursue research by thinking about
what we can do for our company and society. There-
fore, it is necessary to take into account trends such
as what our company is focusing on and what issues
it is facing.

NTT’s laboratories give us annual opportunities to
review research plans, discuss them with our group,
and promote our plans and learn about the require-
ments that are being placed on us. While it is impor-
tant to promote your research to a large external audi-
ence, [ also want to take advantage of such opportuni-
ties to get people close to me to understand the value
of my research.

The role of a researcher varies with depth
of experience

—Researchers are required to have various skills and
roles other than those needed for research, right?

As well as collecting information and building
human networks, identifying research themes is an
important job for researchers. When identifying a
research theme, I consider the personnel, equipment,
and facilities and ask myself whether we can bear the
responsibilities of using such assets. When it comes
to purchasing equipment and other necessities, the
financial cost is huge, so a research theme is carefully
selected on the basis of whether the pursuit of the
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theme will benefit society.

On top of the financial costs, research results
always come with responsibility. Regarding research
on higher-performance semiconductor devices that
we pursue, it is important to develop devices and
demonstrate the correctness of our fabrication tech-
nology. In the development stage, how easily the
device can be fabricated is important. However, we
should not be bound by these guiding principles.
While it is a prerequisite to be able to create some-
thing on our own, we also value our sense as research-
ers that something looks interesting or useful. It is
also better to keep in mind that the prospect of “I can
fabricate it” differs from person to person.

I believe that the concept of a researcher changes
with one’s depth of experience. For example, for the
first 10 years or so, I thought that a researcher would
be able to think of an idea for himself/herself and
make that idea a reality on his/her own; however, I
later learned the magnitude of the influence of those
around me. [ am currently a board member and com-
mittee member of academic societies and interna-
tional conferences as well as a senior distinguished
researcher at NTT laboratories. Through these expe-
riences, I have come to believe that it is the role of a
researcher to think about the research field and the
community of researchers in ways like how to create
a fruitful research environment for junior researchers
and other researchers in the field.

—1I heard that you are sometimes asked to give invited
lectures at international conferences. Would you tell
us about some episodes related to such lectures?

It is a great honor for a researcher to be asked to
give an invited lecture. I feel that the invited lectures
not only motivate me but also help me self-reflect,
reaffirm my position in my research field, and look to
the future. My first invited lecture was around 1993,
which was five years after I joined NTT. I talked
about how to fabricate an LD on a complementary
metal-oxide-semiconductor, which is relevant to my
current research. At that time, our fabrication technol-
ogy was highly regarded as innovative, and I was
invited to three or four conferences. After I was
invited to these conferences, [ was desperate not to do
anything embarrassing. I had little experience in
making presentations in English, and I was given
twice as much time as usual to speak, so I practiced
hard enough to memorize the presentation.

I have good memories of giving a tutorial-style
lecture as a leading expert in the research field at a
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conference held in Europe in 2015. I don’t know if it
was just a coincidence that the atmosphere was like
that or if it was normal, but as soon as I took the stage,
there was a round of applause. It was an indescribable
feeling of elation. In tutorial lectures, experienced
lecturers talk about the history of the field and the
positioning and vision of their research at the begin-
ning of their lectures. Therefore, I can organize my
thoughts by telling my own version of the past, pres-
ent, and future, and the fact that I can see where I am
in the history of my research field and what I am
responsible for motivates me to move forward. It is
also quite instructive to read through past papers to
improve the content of my lecture.

I’m also happy to give lectures to young people. In
2019, I was selected as one of the five lecturers for the
Institute of Electrical and Electronics Engineers
(IEEE) Photonics Society’s Distinguished Lecturer
Programs and traveled around and gave lectures in
the United States and Canada. In addition to giving
lectures on research to graduate students in depart-
ments of electronic engineering, I look forward to
having the opportunity to interact with students. I'm
glad that they listen when I tell them my thoughts on
what they should do now. We were also planning to
visit India and Brazil; unfortunately, due to the coro-
navirus pandemic, those trips have been put on hold.

An essential quality of a researcher is persistence

—What would you like to say to young researchers?

Researchers today find it difficult to find time for
their research activities, so I fully understand their
feeling of impatience. However, in my case, I was
able to achieve my current results with a theme
launched after I became a midcareer researcher;
therefore, I’d like to tell them that they don’t have to
worry if they don’t seem to have enough time or accu-
mulated knowledge.

I work with the belief that what I am doing will go
well, and maybe this mindset is what led to my
achievement thus far. I think whether you can believe
that things will go well affects your motivation. Of
course, plenty of studies won’t go well even if you
believe in them, and I think a large part of success
depends on chance and luck. No matter how brilliant
you are, some things can go wrong, and some things
can go right. I don’t know what’s causing what, and
there is no point thinking negatively, so I’'m research-
ing and trusting that it will go well. However, even
when it goes well by chance, the sense of not letting
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go of the opportunity in front of you is crucial. There-
fore, it is necessary to collect information. In addition
to participating in conferences, actively becoming a
committee member or organizer of a conference will
greatly expand your opportunities to collect informa-
tion.

An essential quality of a researcher is persistence.
Naturally, research doesn’t always go well, and
sometimes you will feel pressure from the people
around you; however, you can handle that pressure by
persistently maintaining your core skills and ideas
while being flexible enough to adapt to the times and
environment.

Moreover, you should remember that we are mem-
bers of society. Explain to your immediate seniors
and the people around you about what you want to do
and convince them of the significance of your
research. If you don’t have their understanding, you
can’t continue your research. Then, listen to and
incorporate the opinions of those around you as you
proceed with your research. It is important to have a
sense of balance between assertiveness and accep-
tance to build a cooperative relationship with the
people around us.

One last thing, from the lessons I have learned
through my international activities, it is better to pol-
ish your English skills from a younger age. If you
develop an open mind that lets you talk easily with
researchers from all over the world, your future
research activities will be more enjoyable. I also
believe that casual conversations between researchers
in preparation for and after a conference presentation
can lead to opportunities for joint research and
expand your research activities. Therefore, cherish
the friends you make at conferences.
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