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Abstract

Optical technology is important for achieving the All-Photonics Net-
work, a key element of NTT’s Innovative Optical and Wireless Network
(IOWN). This article introduces basic research on optical technologies,
including large-capacity optical transmission system/device technology,
photonics-electronics convergence technology, the LASOLV™ coherent
Ising machine, and optical lattice clock network. It is based on a special

session presented by Tetsuomi Sogawa, senior vice president and head of
NTT Science and Core Technology Laboratory Group, at NTT R&D Forum 2019 held on November 14

and 15, 2019.
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1. Introduction

Internet traffic continues to dramatically increase,
resulting in more power consumed by information
technology equipment called upon to process huge
amounts of data. At the same time, Moore’s Law, the
scaling law involving the evolution of large-scale
integrated circuits, is approaching its limit. The min-
iaturization of semiconductor devices generates leak-
age currents and heat, thus, degrades performance.
Though the amount of data that must be processed
continues to increase, the inability of scaling up com-
puting power at its traditional pace is becoming a
fundamental problem.

2. What is the All-Photonics Network?

One target for the All-Photonics Network, a key
element of Innovative Optical and Wireless Network
(IOWN), is a 100-fold increase in power efficiency
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(Fig. 1). To this end, we are studying technology for
transmitting signals using light from the network to
terminals and studying new devices such as photonic-
electronics convergence devices. We also aim to
increase transmission capacity 125 fold, so we are
studying large-capacity optical transmission system/
device technology using, for example, new optical
fibers such as multicore fiber. Furthermore, to reduce
end-to-end delay by 1/200, we are researching vari-
ous technologies to, for example, transmit informa-
tion with no compression when communications do
not allow for delay.

3. Role of increasingly important
optical technology

Easy-to-use electronic technology has been used
for chips that perform a variety of operations in com-
puters. However, the recent trend toward high-density
integration has been accompanied by an increase in
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Fig. 1. Target performance of All-Photonics Network.

the heat generated by wiring within a chip and the
resultant constraint on performance. For this reason,
we set as a target a new chip that integrates optics and
electronics with lower power consumption by intro-
ducing optical communications technology in the
chip’s wiring section that incorporates high-speed
computing technology characteristics of optical tech-
nology. Therefore, the use of optical technology in an
end-to-end manner in conjunction with network opti-
calization plays an important role in making IOWN a
reality.

This article focuses on four research themes toward
achieving the All-Photonics Network.

4. Large-capacity optical transmission
system/device technology

Compared with the 1980s when optical communi-
cations first got underway, communication speeds
using optical fiber have increased by as much as six
orders of magnitude over the last forty years (Fig. 2).
This has been enabled by key inventions such as
semiconductor lasers, planar lightwave circuits, and
fiber amplifiers, and transmission capacity has
recently dramatically increased through the develop-
ment of digital signal processors for digital coherent
communications.

NTT reported in 2019 on a successful experiment
to transmit 1 Tbit/s-per-wavelength optical signals in
35-wavelength division multiplexing at the laborato-
ry level [1]. We also reported on the successful trans-

NTT Technical Review Vol. 18 No. 3 Mar. 2020

mission of 1 Tbit/s-per-wavelength optical signals at
a practical level for over 1000 km under a commercial
environment using laid optical fiber [2]. The current
outlook is for transmission on the level of 1 Pbit/s per
fiber using, for example, a new fiber structure called
multicore fiber that, as the name implies, incorporates
many cores in a single fiber.

Devices applied to the core, metro, and access net-
works must evolve steadily, and devices that intercon-
nect datacenters, the demand for which is growing
dramatically, will become increasingly important.
Therefore, there is a need for making as many end-to-
end connections, including those between datacen-
ters, as possible by optical means, and that is exactly
what we want to achieve with IOWN.

5. Photonics-electronics convergence technology

Although it was very difficult to handle light in the
past, a structure called a photonic crystal (Fig. 3), in
which the refractive index is changed periodically,
has made it possible to confine light to a small area
and improve the interaction between light and mate-
rial. Basic low-power operation of a variety of devic-
es based on photonic crystals, such as optical switch-
es, optical lasers, optical memory, and optical ran-
dom-access memory, has been demonstrated experi-
mentally.

The roadmap for photonics-electronics conver-
gence technology is shown in Fig. 4. In Step 1, the
plan is to achieve a structure that integrates circuits
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Fig. 2. Progress in photonics technology enabling traffic growth.

Fig. 3. Photonic crystal.

mounted using silicon photonics with fibers, analog
integrated circuits (ICs), etc. and achieve high con-
nection speeds with elements outside the chip. In
Step 2, the plan is to directly interconnect chips by
short-range optical wiring, and in Step 3, the plan is
to make inter-core connections within a chip by opti-
cal wiring to achieve ultra-low-power consumption.
Step 3 will further improve the performance of
chips by taking advantage of the arithmetic process-
ing that is characteristic of light. While passing
through a typical n-step logic gate would generate
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n-step worth of delay, the form of optical switches
and optical circuit as a logic circuit, which we call an
optical pass gate, can obtain a calculation result
instantaneously with just the time taken to pass
through the optical circuit [3]. Although we are at the
basic evaluation stage with just a small number of
bits, we are also studying the application of optical
pass gates and optical transistors [4].

6. LASOLV™ coherent Ising machine

Next-generation computers, many of which have
been announced in recent years, are expected to solve
complex problems requiring a huge amount of com-
putational resources that have been difficult with
conventional computers [5, 6]. Against this back-
ground, we are researching solutions to combinato-
rial optimization problems—one type of complex
problem—through the use of our coherent Ising
machine called LASOLV™ that uses optical technol-
ogy, one of NTT’s main focus areas. There are many
combinatorial optimization problems in the real
world. They involve a massive number of combinations
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that are generated when the number of options
increases, a situation that has been difficult with cur-
rent computers.

Combinatorial optimization problems can be con-
verted to graph problems, and an Ising machine is a
computer based on the new concept of conducting
physical experiments to derive solutions to such
graph problems. For example, if we were to arrange a
magnet oriented to either the S-pole or N-pole at each
node of a graph according to certain constraints then
release our hold on those magnets, the total energy of
the system would take on its smallest value as the
magnets orientate themselves to their most stable
configurations. This would, in effect, derive an
answer to that graph problem.

LASOLYV uses optical technology to create a situa-
tion equivalent to this magnet experiment. Specifi-
cally, it inputs 2000 optical pulses into an optical fiber
1 km in length and passes them any number of times
through a special optical amplifier to amplify them
repeatedly. The system eventually settles into a state
whereby the phase of each optical pulse is either 0 or
n. If we compare the oscillation of an optical wave to
that of a playground swing, we can say that it settles
into a state whereby the swing is either ahead or
behind. In addition, the machine takes some of the
optical pulses from the optical fiber and measures
their phase states, sets constraints in the graph prob-
lem in terms of optical interactions, and returns these
pulses to the optical fiber overlaying them on the
original pulses. Repeating this process while circulat-
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ing the optical pulses about 1000 times through the
optical fiber provides a solution to the problem
(Fig. 5).

On comparing LASOLV with quantum annealing
developed by another company, it was found that
LASOLV exhibited superior performance the more
complex the graph structure became, even when solv-
ing relatively small problems. It has also been recent-
ly found that LASOLV can even be useful in solving
larger-size problems [7].

LASOLV can be applied to complex wavelength-
allocation problems in the All-Photonics Network of
IOWN and perform high-load processing in machine
learning.

7. Optical lattice clock network

The optical lattice clock invented by Professor
Hidetoshi Katori of the University of Tokyo loses
only one second every 30 billion years, which is more
accurate than the advanced cesium atomic clock by
three orders of magnitude. The optical lattice clock
can also be read out by laser, which opens up the pos-
sibility of clock transmission over optical fiber. We
are studying what this feature has to offer by con-
structing a network of optical lattice clocks installed
in many of NTT’s central offices.

As suggested by the general theory of relativity,
clocks run faster at higher altitudes, so optical lattice
clocks that have achieved 10~!3 of total accuracy of
clock frequency allow us to compare remote locations
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and measure differences in altitude as small as 1 cm.
In Japan, an earthquake-prone country, this means
that minute crustal movements and massive gravita-
tional movements can be detected, which points to
the possibility of constructing a very effective, safe,
and secure infrastructures.

However, when carrying such ultra-high-accuracy
signals by optical fiber, it is necessary to control
drops in accuracy caused by optical fiber fluctua-
tions. We are currently conducting a trial of an optical
lattice clock network that connects various bases by
NTT EAST optical fiber and includes relay equip-
ment installed in NTT central offices (relay stations)
to cancel such optical fiber fluctuations while main-
taining high accuracy (Fig. 6). In the future, we
would like to see an optical lattice clock network
introduced into IOWN for developing new types of
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time-related business.

8. Toward Achieving the All-Photonics Network

Going forward, we will promote research and
development efforts to achieve world-best, world-
first, and impressive technology. We will promote
further research and development of photonics-elec-
tronics convergence technology, the key to achieving
the All-Photonics Network.

We also plan to make IOWN a reality in collabora-
tion with experts in a wide array of research and
technology fields while holding discussions with
various companies and universities via the IOWN
Global Forum [8]. To all parties involved in this
effort, we look forward to your support and coopera-
tion.
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