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Taking the challenge of applying silicon 
single-electron devices to high-accuracy 

electric-current standards

—Could you give an overview of your current 
research for the readers?

My current research is focused on (i) developing 
ultimate electronics on the basis of high-precision 
and high-speed charge manipulation, detection, and 
control of electrons using silicon-based semiconduc-
tor nanodevices and (ii) applying this technology to 
high-accuracy electric-current standards, ultra-low-
energy information processing, ultra-sensitive sens-
ing, and quantum technology (Fig. 1).

Computers and smartphones, which have become 

everyday tools, use semiconductor circuits made of 
silicon. By passing an electric current through a semi-
conductor circuit or applying a voltage across it, the 
current can be amplified or switched on/off. The cur-
rent flowing through the semiconductor circuit con-
sists of moving electrons, which are tiny particles 
with a negative charge. In my research, I am testing 
the limits of how far we can control and manipulate 
each electron in a silicon semiconductor. Such con-
trol and manipulation of single electrons will be 
applicable to ultra-low-energy information process-
ing and ultra-sensitive sensing. Units such as the 
meter (m) for length and kilogram (kg) for mass are 
defined as basic international standards for weights 
and measures. Regarding the ampere (A), which is 
the unit for electric current, we are aiming to establish 
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a quantum electrical standard on the basis of an accu-
rate current generated by a silicon single-electron 
device.

—What triggered you to target a new international 
standard for electric current?

In 2003, when I was a visiting researcher at the 
National Institute of Standards and Technology 
(NIST, Gaithersburg, USA) and evaluating the char-
acteristics of a silicon single-electron device devel-
oped by NTT, I realized that the field of standards—
which pursues extreme accuracy—is the most suit-
able application of the device. After ten years of per-
sistent research, I began to receive interest from 
Europe as well. 

The technology I am pursuing was not adopted 
when the International System of Units (SI) was 
revised in 2019 as well as the definition of the 
ampere. However, believing that it will be adopted in 
the future, I am continuing my research while work-
ing hard with researchers around the world. Being 
recognized for such efforts, I was honored to be ele-
vated to an IEEE (Institute of Electrical and Electron-
ics Engineers) Fellow in 2018 and JSAP (Japan 
Society of Applied Physics) Fellow in 2020. I am glad 
that I did not give up on my research.

I am currently working on establishing high-accu-
racy single-electron current standards and achieving 
the quantum metrology triangle, which is an experi-
ment to verify the consistency of quantum electrical 
standards. Specifically, I am working on (i) the char-

acteristic evaluation of devices fabricated at NTT 
using a semiconductor-manufacturing line for 
research purposes and (ii) computational analysis of 
such devices using a device simulator, which we 
developed when we were teleworking during the 
novel coronavirus pandemic (Fig. 2). Following the 
revision of the definition of the ampere in 2019, elec-
tric current is now defined as the number of electrons 
that constitute the current carried per second, and we 
are currently focusing on how to transfer one electron 
accurately and quickly while minimizing as much 
error as possible. Silicon single-electron devices also 
have the potential to be applied to quantum comput-
ers, which is a hot topic of research; however, it is 
very difficult to produce many identical devices 
because of their extremely small size. Therefore, I 
believe that it is important for us to focus on applying 
such a device in electric-current standards in which 
one device will be good enough to demonstrate its 
usefulness.

Collaboration is a vital part of this research. About 
five years ago, we issued a press release about the 
results of our joint research with the National Physi-
cal Laboratory (NPL) in the UK, announcing that we 
could generate accurate currents at the world’s fastest 
operating speed [1]. We have also begun joint 
research with the National Institute of Advanced 
Industrial Science and Technology (AIST), which 
manages Japan’s national standards.

For practical use of a high-accuracy current stan-
dard that will enable the revised “new ampere,” we 
will have to further improve the accuracy of the  

Fig. 1.   Ultimate electronics using silicon nanodevices.
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currents generated by a silicon single-electron device. 
To break the world record and take the global lead, we 
are working with AIST and other teams to complete 
the quantum metrology triangle using single-electron 
current standards.

Verify your research fairly

—Is it important for researchers to take up the chal-
lenge of being the best in the world?

Research, whether basic or applied, is carried out as 
a community, and in each community, many com-
petitors aim to be the best in the world. I believe that 
this situation is good for all because by competing 
together, even if one of us loses, we can all learn. 
Such friendly rivalry will lead to contributions to the 
field as well as society. The development of the 
research community may lead to not only the com-
mercialization and implementation of our products in 
society but also the creation of new research themes 
and business.

I sometimes naturally feel disappointed when I am 
competing with overseas researchers. Although Japan 
is excellent in the field of science, the United States 
and Europe, the birthplace of modern science, are 
even better and have more resources, including a 
deeper pool of researchers. I even have moments 

when I feel that Japan is losing and accept that fact 
with humility, but I am also sometimes frustrated 
with my lack of ability.

Under these circumstances, I try to evaluate and 
verify my own research fairly. For example, you can 
judge the quality of your research results, their sig-
nificance, and their contribution to the community by 
the response from the community and leading 
researchers. Of course, it is important to have your 
own beliefs, but I try not to be complacent and evalu-
ate myself objectively so that I can grow further. 

I have been active as a researcher for a long time 
and feel that the environment surrounding research is 
becoming more difficult every year. In Europe and 
the United States, the competition is very fierce, and 
it is a tough environment in which you have to keep 
producing outstanding results to survive under severe 
competition for acquiring research funds and human 
resources. In quite a few cases, people leave their 
home countries in search of a research environment 
and place in which they can be themselves and live 
their lives as researchers. China is producing good 
results with its large organizations and resources; 
even so, I have heard that in some cases, young 
researchers are only allowed to work as research 
assistants. Compared with those countries, Japan is a 
good environment for creating new ideas in a harmo-
nious relationship among researchers but lacks the 

Fig. 2.   �Characteristics of silicon single-electron current standards (experimental results) and potential analysis using a 
device simulator.
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intensity as in other countries. Still, it is difficult to 
obtain employment as a researcher in Japan, and, as 
has been reported in the media, it is also difficult for 
young researchers to find an academic post at a uni-
versity.

Under these circumstances, the choice of a research 
theme can be a fork in the road for researchers. For 
example, research in a popular field is, in a sense, 
secured by the fact that it is needed by society, so a 
certain number of posts are available. Working on 
research in such a field that is currently needed or 
popular is one meaningful choice; however, you run 
the risk of being carried away by superficial trends 
and your research not becoming significant enough. 
In the case of basic research, it is important to take a 
more long-term perspective and read the trends. If 
you find a field in which you can use your strengths 
or a theme that only you can tackle and has the poten-
tial to make you a leading researcher, you should 
compete in that field, even if it is a narrow one.

I am conducting research on electric-current stan-
dards with this mindset, and striving to make the most 
of my skills, one step at a time. For the rest of my 
research life, I want to pursue what only I can do 
while evaluating my research fairly from time to time 
so that I do not become complacent.

—You have been pursuing the issues that will impact 
future society rather than the issues facing us today, 
right?

Science is a process of knowledge accumulation, so 
even if my research is not useful right now, I want to 
conduct research that prompts people to say things 
like, “This is really new.” and “This is one step for-
ward.” I believe that it is very important to aim for 
research that is valued by the research community. 

I think that my research has been successful to 
some extent by having this attitude, therefore I cher-
ish the research community and colleagues. If you 
understand what has been done in the community by 
your predecessors, you will come to respect them. If 
you focus on adding something new to the commu-
nity, the community will grow and the researchers 
who belong to the community will be able to continue 
their research, creating a virtuous cycle. It is impor-
tant to build up the community and become a valued 
member so that you can exchange useful information 
and obtain the cooperation of other researchers. To 
that end, I want to continue to engage in friendly 
rivalry with world-class researchers. It is vital to have 
people around you with whom you can have serious 

discussions about your research and continue learn-
ing from the results of those discussions, and I am 
happy to have such a community around me now. I 
work in an environment in which I can form collab-
orative teams with my colleagues and have come to 
realize the importance of collaborative research.

I think that the culture of Japanese companies and 
the mindset of researchers still have a strong tendency 
to do everything on their own. Japanese researchers 
have a strong respect for craftsmanship and are will-
ing to do work with their hands in every aspect, 
including everyday maintenance of experimental 
equipment. Although I think that mindset is com-
mendable, in Europe, the work of technicians is sepa-
rate from that of researchers, and many companies 
seem to think that what they don’t have in-house, they 
can obtain from outside. Partly due to cultural differ-
ences, international companies are probably more 
accustomed to doing things collaboratively. Both 
domestic and international companies have advan-
tages and disadvantages, but if you can produce good 
results and new value by complementing what you 
don’t have with what others do have, I think joint 
research is essential. 

I used to be less than enthusiastic about collaborat-
ing. It was the advice from Tetsuomi Sogawa, head of 
the NTT Science and Core Technology Laboratory 
Group (who was then head of NTT Basic Research 
Laboratories), that changed my mind. Regarding the 
joint research with NPL on electric-current standards 
I mentioned earlier, he encouraged me to, “Not only 
work within our lab but also collaborate with outside 
parties to give your research a visible presence.” I am 
also encouraging mid-career and young researchers 
to follow that advice. Joint research involves a lot of 
tasks due to intellectual property issues and piles of 
paperwork, but I transfer the necessary skills to these 
researchers and assure them that they can go ahead 
and form collaborations without hesitation if they 
need to. That said, I try not to say too much or be too 
forceful so as not to put too much pressure on our 
young researchers; in other words, I just try to make 
sure that my advice is one of their options.

Research mottos: “friendly rivalry,” “take 
advantage of every opportunity,” and “dig deep”

—What has been important to you in your research 
activities?

I believe that basic research is not immediately use-
ful or helpful to anyone; however, even if you face 
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difficulties, create something new and valuable while 
building on the achievements of your predecessors. 

With that belief in mind, I continue my research 
activities with the mottos of “friendly rivalry,” which 
I have mentioned several times already, as well as 
“take advantage of every opportunity,” and “dig 
deep.” I believe that research is about learning from 
your failures, and even though I have had many fail-
ures, I have tried to learn from them. When I was 
young, sometimes the devices I created did not work 
as expected, but as I searched for the cause of the 
problem, I discovered new phenomena. At that time, 
I remember how happy I was when one of my senior 
colleagues said to me, “Mr. Fujiwara, even if you fall, 
you get up and learn from your failure.”

Research is often described as “digging deep and 
wide.” It is important to dig deeper and deeper into 
your topic. You need to understand more about the 
topic than anyone else to come up with new ideas. It 
is also very important to dig horizontally and culti-
vate the area surrounding your research topic. Doing 
so will help you understand the position of the 
research you are working on, and you will learn that 
it actually has a close relationship with unknown 
fields. That’s why I often tell young researchers to 
take both approaches. If you only dig deep, you will 
become complacent, and if you only dig horizontally, 
you will end up with research without depth. I’m also 
trying to find a good balance between digging deep 
and digging horizontally.

—Finally, do you have any advice for young research-
ers on how to interact with leading researchers?

I think it is quite intimidating for a young research-
er to suddenly meet a “big name” in their field. It may 
sound like a cliché, but the first thing you should do 

is try to get people to remember your face. It is also 
important to ask questions and make impactful pre-
sentations at international conferences. When you get 
the opportunity to make a presentation, I hope you 
will practice hard and impress the audience in such a 
manner that they will think, “What an impressive 
young person!” 

If you feel uncomfortable asking a leading research-
er a question, ask a talented person of your generation 
first or someone who is more approachable. In that 
sense, coffee breaks at a conference are valuable 
times to meet and ask questions. In fact, quite impor-
tant information about research is exchanged at such 
meetings, so don’t drink coffee alone because you are 
tired; instead, listen to the detailed stories that you 
couldn’t hear at the presentations and the stories 
about the presenters’ difficulties. All top researchers 
have such lively exchanges of information during 
coffee breaks.

At times, I feel that I am not yet part of that circle, 
even though I am saying things that sound great. At 
other times, I find it difficult having conversations 
with native speakers of English and feel that I am still 
in the process of learning. Therefore, let’s take the 
challenge and get into such conversations without 
hesitation. You tend to be hesitant if you think you’re 
not good enough or don’t understand what’s being 
said. Well, that’s just the way I am. Instead of hesitat-
ing, it’s okay to say, “I don’t really understand the 
topic, but may I join the conversation anyway?” You 
don’t have to pretend to know more than you do.
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