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Charmed by Plasma

Developing carbon film with the
properties of a diamond

At present, Professor Hirofumi Takikawa has his eyes set on a carbon thin film that has
properties similar to that of a diamond (commonly referred to as a “diamond-like carbon
(DLC) film”) and on developing a device that will synthesize this material.
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Eeature Story

Charmed by Plasma

Developing carbon film with the properties of a diamond

Hirofumi Takikawa

At present, Professor Hirofumi Takikawa has his eyes set on a carbon thin film that has properties similar to that of a diamond
(commonly referred to as a “diamond-like carbon (DLC) film”) and on developing a device that will synthesize this mate-
rial. The DLC developed by Professor Takikawa does not contain hydrogen and is a hard and smooth film. Because of the
absence of hydrogen, the film does not chemically react with metal or glass and exhibits superior characteristics for a DLC.
Industry-academia collaboration has already seen the application of DLC for various purposes, such as a coating film for
cutting tools and lens molds. Further application of this product is expected.

Interview and report by Madoka Tainaka

Creating a Hydrogen-free DLC
Using Vacuum Arc Deposition
Diamond-like carbon (DLC) is a hard,
amorphous carbon with desirable
properties such as low friction and
low wear. It is now gaining ground
as a coating film for cutting tools and

molds in place of hard nitride films.

DLCs can be divided into two cat-
egories — those which are purely
composed of carbon and those which
contain additional elements. The
properties of each type of DLC de-
pend on its composition and the way
it was synthesized. DLC development
researcher Professor Hirofumi Taki-
kawa outlined the reasons for this as
follows:

“What's really important is whether
a DLC contains hydrogen. Any DLC
that doesn’'t contain hydrogen will
display superior hardness, density,
heat resistance and refractive index.
However, current popular methods
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of synthesizing DLC films, such as
plasma CVD and ion vapor deposition
use hydrocarbon gas or hydrocarbon
vapor, which means that the resulting
DLC will always contain hydrogen.

In order to develop a hydrogen-free
DLC film, researchers have devel-
oped methods that use solid carbon
(graphite), which does not contain
hydrogen, as a raw material. There are
four synthesizing methods that use
graphite as a vapor source: vacuum
deposition, electron beam deposition,
sputtering deposition and vacuum arc
deposition. lons are required to make
DLC films, which limits us to sputtering
deposition or vacuum arc deposition,
although sputtering deposition has
low ion energy which results in a softer
DLC. This is why | use vacuum arc
deposition for synthesizing hydrogen-
free DLC films.”

Vacuum arc deposition is a method
that uses arc discharge, that is,

plasma (ionized gas), in a vacuum. In
this method, a cathode spot is formed
on a cathode solid surface, from
which the cathode material (graphite)
rapidly evaporates. At the same time,
a large number of thermions are
emitted and the evaporated graphite
is ionized. When this occurs, a high
ion energy is obtained and a super
DLC (tetrahedral amorphous carbon
(ta-C)), which has properties like a
diamond, can be synthesized.

Photographs of grooves carved with cutters into
an aluminum alloy plaque.

Left: Uncoated Cutter (with burr), Right: Super
DLC-coated Cutter (no burr)

Professor Takikawa says that, “A
cutting tool coated with a super DLC
that has been synthesized using this
method does not chemically react
with metal or glass during cutting be-
cause it does not contain hydrogen.
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This means that it can make clean
cuts without leaving a burr. Also, it
won't cause an unnecessary reaction
and stick to materials when used
in molds, which makes it suited for
manufacturing high-precision camera
lenses that need to be pressed at a
high temperature, for instance.

Using a pure diamond as a cutting tool
would obviously result in clean cuts,
but diamonds are too expensive to be
used for such applications. Diamonds
are also crystals, which means that
it's impossible to form an even thin
film. The properties of an amorphous
(non-crystalline) DLC makes it able to
produce an even and smooth film.”

I T-shaped Device to Prevent
Adherence of Microparticles
Vacuum arc deposition is required
to make hydrogen-free DLC, but this
method has its drawbacks. When
microparticles called droplets are
emitted from the cathode spot, these
droplets adhere to the film and cause
the film to lose uniformity or peel off.
Films in such conditions cannot be
used in cutting tools for micromachin-
ing and molds for camera lenses that
require precision. Torus-shaped (that
is, donut-like 3D-shaped) filters have
been developed to prevent droplets
from adhering to the film, but these
filters cannot remove all droplets and
require much effort to maintain.

Structure of T-shaped Filtered Arc Deposition (T-
FAD),Unbalanced Magnetron Sputtering(UBMS)

“Facing this problem, we developed
a device that has a T-shaped filter.
The main advantage of this device
is in transferring vacuum arc plasma
generated from the cathode to a
film-forming chamber with a magnetic
field generated using an electromag-
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net and an electric field applied to the
filter duct. Because the filter has a
T-shape, the plasma bends 90° while
the droplets proceed in a straight line.
In other words, the plasma and the
droplets can be separated from each
other, which results in a clean film. The
duct also has a simple straight shape,
making it easy to maintain.”

Using carbon which is a burnable
substance enables the film that cov-
ers the surface of the tool or mold
to be separated and removed in the
gaseous phase of oxygen plasma,
making maintenance simple. That is,
the DLC film can be easily removed,
meaning that expensive tools and
molds can be reused even if the thin
film coating them is damaged.

Expanding Scope of Research
to Meet Corporate and Social
Needs
Development of this device first began
decades ago as a joint research project
with Itoh Optical Industrial Co., Ltd., a
local manufacturer of lenses.

Professor Takikawa recalls, “Itoh Optical
knew that using ions to form a film with
vapor deposition resulted in a harder
film. They came to us for technical con-
sultancy on what was needed in order
to effectively apply this knowledge. After
some time, we developed a process of
making high-precision lenses in a mold
instead of polishing the lenses by hand,
as was previously done. That was the
first application of the results of our joint
research.”

Following this, Professor Takikawa
and his team developed the device
in collaboration with a manufacturer,
was granted a patent and made many
improvements to the device and manu-
facturing process. Currently, Professor
Takikawa is looking into how to create
laminated films by adding a sputtering
vapor source to the device.

“By laminating many films together, we
can add the functions of wear-resistance
and toughness. We are now applying
this technology to not just cutting tools
and molds but also many other products
in response to requests from various

Feature Stor!

companies.”

Professor Takikawa has also been
working on a range of other projects.
For instance, he has been developing
self-supporting DLC films with no base,
which are expected to be used in filters
and laser-driven heavy ion targets for
treating cancer. He has also developed
a nano-powder called a “carbon nano-
balloon,” which is a type of nanocarbon
used for electrode materials in electric
vehicle capacitors and which increases
electric capacitance. For all such
endeavors, Professor Takikawa has
searched for practical ways of applying
the results of his research through joint
research with companies.

While seemingly unrelated to the devel-
opments described above, Professor
Takikawa has also branched out into re-
search on spectroscopic pyranometers
for agricultural use and has developed
a method of more accurately obtaining
information on solar irradiance. This
method involves producing sensors at
low cost with a simple system, using
many of those sensors to detect abnor-
mal values and cancelling out the influ-
ence of shadows. Professor Takikawa’s
pyranometer is already being sold
by a manufacturer under a licensing
agreement. The prolific inventor is also
working on a device that can disperse
light every 100 nm and aims to further
develop his products in order to assess
harvesting times in greenhouses and to
achieve more efficient operation at plant
factories.

“Technology is made to be used, so |
want to keep monitoring the market and
applying my findings in the fields that
need them. Pyranometers and carbon
film research may seem completely un-
related to each other, but heat and light
energy emitted by the sun, which we
need to live, are the result of a nuclear
fusion reaction of hydrogen plasma. In
other words, plasma is the source of
all living things and materials. That is
why our research lab’s name bears the
words ‘Plasma Energy System.” We will
continue to research plasma in ways
that benefit society.”
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Researcher Profile
Hirofumi Takikawa

Toyohashi University of Technology

Dr. Hirofumi Takikawa received his M.S. and PhD degree in engineering in 1986
and 1992 respectively from Toyohashi University of Technology, Japan. Since he
started his career at Toyohashi University of Technology, had been involved in arc
plasma applications, cathodic arc deposition, and plasma ion process. He is currently
a professor at the Department of Electrical and Electronic Information Engineering,

Reporter Profile

Madoka Tainaka is a freelance editor, writer
and interpreter. She graduated in Law from
Chuo University, Japan. She served as a
chief editor of “Nature Interface” magazine,
a committee for the promotion of Information
and Science Technology at MEXT (Ministry of
Education, Culture, Sports, Science and Technology).
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Research HighlightH

A wall-climbing robot — inspired by the soft body of

a leech

180 degree rotation from one side of the wall to the other

by Tomoaki Mashimo

A research team led by Associate Professor Tomoaki Mashimo
of the Department of Mechanical Engineering at Toyohashi
University of Technology, in collaboration with Dr. Fumiya lida,
Reader in Robotics at the department of Engineering at the
University of Cambridge, has successfully developed a leech-
shaped robot, “LEeCH” (Longitudinally Extensible Continuum-
robot inspired by Hirudinea), which can climb vertical wall.
LEeCH is capable of elongating and bending its body without
any constraints; just like a leech. Thanks to its flexible body
structure and the suction cups, the robot has successfully
climbed a vertical wall and even reached the other side of the
wall. The study was published in Soft Robotics, an American
scientific journal, on March 27, 2019.

Wall climbing robots have a wide
range of potential applications, includ-
ing building inspections and mainte-
nance, and search and rescue duties
at disaster sites. For robots, climbing
straight up vertical walls is a fairly easy
goal to accomplish. In the real world
however, the robot may have to navi-
gate over obstacles on the wall, such
as steps, and transition to walls with
different facings. Even if it can reach
the top, the robot then faces the most
challenging task, which is to traverse
the summit over to the other side.

The research team has developed a
robot inspired by land leeches, which
are excellent climbers in nature. The
land leeches, usually found in forests or
mountains, can move around complex
terrain and walls using two suction
cups on each end of their soft exten-
sible bodies. Their bodies are so light
and soft that they are relatively shock
resistant should they fall from height.

The team designed a new motion
mechanism using the tubular structure
of a shower hose to mimic the useful
qualities of leeches, namely, to be
lightweight, flexible and extendable.
The flexible tube with a metal plate with
an S shaped profile spirally wound is
the same kind as found in household
use. A gear engages with the helical
groove on the surface of the tube. The
flexible tube moves back and forth
by rotational motion. The robot has
a body composed of three flexible
tubes that are connected in parallel.
The body can bend or elongate by
controlling the length of each flexible
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tube fed by the gear.

Movie of the wall-climbing robot experiment

The robot successfully achieved upward/
downward climbing and horizontal
transition on a vertical wall. By com-
bining these two transitions, the robot
is capable of moving freely on a two-
dimensional wall surface. The robot’s
flexible body, with large deformation,
enabled it to transition from one side
of a vertical wall to the other side.
Achieving this level of freedom of
movement for a soft and flexible robot
represents a world first.

The Ph.D candidate Ayato Kanada,
who is in charge of the development
and the lead author of the study,
says, ‘I came up with the idea in the
bathroom of my house. The shower
hose went wild as if it was alive when
| inadvertently turned on the faucet at
maximum. Then an idea occurred to
me that if | could manipulate a hose, |
might be able to make a robot which
mimics the dynamic movement of a
living creature.”

Making the most of the hollow struc-
ture of the shower hose, the team is
considering the possibility of chang-

a 3 .,_-':!

Tomoaki Mashimo (left) with Ph.D candidate, Ayato Kanada

ing the stiffness of the tube by pouring
fluid into the cavity. Robots with this
kind of flexible body structure are not
only highly adaptable to their environ-
ment, but also highly secure against
collision. As such, they show promise
in terms of their potential applications
to labor in proximity to humans.

(a) (b)

Schematic of proposed climbing robot. (a) Real leech.
(b) LEeCH (Longitudinally Extensible Continuum-robot
inspired by Hirudinea).

This work was supported by the
Grant-in-Aid for JSPS Research Fellow
(No. 17J04776), the United Kingdom'’s
Engineering and Physical Science
Research Council (EPSRC) DTP under
Award 1476475 and RG92738, and
Mathworks Ltd RG90950 378. Ayato
Kanada, the first author, was sup-
ported by the Program for Leading
Graduate Schools conducted by Japan
Society for the Promotion of Science
of the Ministry of Education, Culture,
Sports, Science and Technology.
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Hesearch Highlights

Discovery of the Photosensor for Yellow-Green

Light-Driven Photosynthesis in Cyanobacteria

By Yu Hirose

Cyanobacteria are a type of bacteria that performs photo-
synthesis, utilizing a photosensor to maximize their light-har-
vesting capacity under different light environments. A joint
research team lead by Toyohashi University of Technology, in
cooperation with the University of Tokyo and the National Insti-
tute for Physiological Science, has found a new photosensor
that regulates yellow-green light-harvesting antenna in cyano-
bacteria. Further analysis of the cyanobacterial genomes re-
vealed that this photosensor emerged about 2.1 billion years
ago or more and evolved through genetic exchange between

cyanobacteria.

Photosynthesis is a reaction that con-
verts light energy into chemical energy.
It is a fundamental reaction that sup-
ports all organisms living on the earth.
Cyanobacteria are prokaryotes that
perform oxygenic photosynthesis and
are found in all kinds of environments
throughout the world. Cyanobacteria
have three types of major antenna pro-
teins for harvesting lights: phycocyanin
(PC) for absorbing red light, phyco-
erythrin (PE) for absorbing green light,
and phycoerythrocyanin (PEC) for
absorbing yellow-green light. To date,
it has been known that the amount of
PC and PE are regulated by a photo-
sensor of the phytochrome-class, but
no research has been reported on the
regulation of PEC.

N

Phycoerythrocyanin (PEC)

400 500 600 700

Fig.1 Absorption spectra of cyanobacteria cells cul-
tured under yellow-green light or under red light.
The increase in the amount of PEC was only seen
in the cells cultured in yellow-green light.

Assistant Professor Yu Hirose at the
Department of Applied Chemistry and
Life Sciences, Toyohashi University of
Technology, in a joint research project
with the University of Tokyo and the
National Institute for Physiological
Science, discovered a new photosen-
sor regulating the amount of PEC. By
searching through the genome data-
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base, the research team identified sev-
eral cyanobacteria strains that harbors
both PEC and the photosensor genes.
Furthermore, they cultured one of the
cyanobacteria strains and showed that
the amount of PEC depends on the
color of the light (Fig.1).

Time axis Ancestral cyanobacteria

: Acquisition of PEC
A/

Acquisition of photosensor

About 2.1 billion years ago----f----------

Presence of PEC (o]
Light color regulation of PEC (0]

x |0

Fig.2 Phylogenic tree of cyanobacteria. Ancestral
cyanobacteria acquired PEC and the photosen-
sor, each only once, about 2.1 billion years ago
or more.

Further analysis of about 450 cyano-
bacteria genomes revealed that this
photosensor regulating PEC emerged
only once about 2.1 billion years ago
or more and evolved through a genetic
exchange between cyanobacteria
strains (Fig. 2 and 3), which is a pro-
cess called horizontal gene transfer.
The photosensor was preferentially
distributed among filamentous and
multicellular strains but not unicellular
strains. These cyanobacteria strains
may utilize different light colors for pho-
tosynthesis between cells and share
limited light energy.

PC and PE are currently used as
natural food color additives in some
foods. The result of this research can

be applied to the mass production
of PEC and the development of new
food products. This finding may also
be applied to the improvement of light
energy conversion of photosynthesis
and applied to research fields for the
regulation of genetic functions using
light illumination.

Cyanobacteria A with the
regulation of PEC

eet™%0

Horizontal gene transfer
of photosensor

OO0 — aeee
Cyanobacteria B without the
regulation of PEC

Acquisition of the regulation
of PEC in Cyanobacteria B

Fig.3 Acquisition of photosensor by genetic exchange
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Research Highlight

New concept for a fire extinguisher usable in space

Vacuum Extinguishing Method — A Fire Extinguisher designed for use in space

By Yuji Nakamura

Professor Yuji Nakamura and his research team at the Depart-
ment of Mechanical Engineering of Toyohashi University of
Technology, in collaboration with the Hokkaido and Shinshu
Universities, has developed a new concept of fire extinguish-
ing, named the Vacuum Extinguishing Method (VEM). VEM is
based on a complete “inverse” operation of the conventional
fire extinguishing procedure; It neutralizes the combustion by
sucking the combusting material, along with the flames and
the source of the combustion, into a vacuum chamber. This
concept is advantageous for use in space, as it prevents the
spread of harmful combustible material within the enclosed

cabin.

At present, fire extinguishers used in spacecraft or
space stations are mainly CO-spraying gas extin-
guishers, although water mist was partially consid-
ered as an alternative. However, it must be noticed
that the spraying type of extinguisher is not the best
choice for the space-environment because of the
limited volume of the cabin, resulting in the increase
of CO, concentration. It is, therefore, necessary to
wear an O, mask before actually being able to use
the extinguisher, and the resulting delay allows the
fire to grow. In addition, spraying CO. gas toward
the fire causes the combusting material and CO, to
scatter dangerously across the cabin. Cleaning up
these emissions is very likely to cause considerable
delay to the mission. Furthermore, the strain on the
CO, filter would necessitate frequent replacement;
thus creating a need to bring substantial stocks
of filters for longer space missions. Since these
factors are not critical on earth, the research team
focused their attention on the discovering the best
solutions for fires in space.

direction

Molten P

(a) Without suction operation (b) With suction operation

L Sensor
SR (Thermocoup! le)

Vacuuming: 9.5L/min
Fe-wire, $=0.0 mm

Fire extinguishing demonstration by vacuum-based suction
operation. (a) Flame appearance with/without suction opera-
tion. (b) time-sequential Schlieren images during the suction
extinguishment process. With the suction operation, the flame’s
color becomes blue, suggesting that the particulate matter
generated by the flame (e.g. soot) is suppressed by the reduc-
tion of residence time and harmful product gas components
as well as the burning source (molten polymer in this case)
are effectively drained into the suction box connected to the
suction pipe (where extreme vacuum condition is maintained).
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VEM is a state-of-art concept newly proposed by
the team lead by Professor Yuji Nakamura, which
is basically a completely “inversion” of the stan-
dard procdeure for fighting fire. It basically uses
a vacuum to suck the combusting material, along
with the flames and the source of the combustion,
into a vacuum container to be isolated, where it
can be safely extinguished. Should this method
be successful, it would negate the need for the
time consuming step of putting on an an O, mask,
and so respond quickly dealing with the fire. In
addition, any gas emissions would be effectively
removed from the cabin and so reduce damage
to the filter. Though this method sounds odd on
earth, it may turn out to be the best solution for
space.

Taichi Usuki, Prof. Yuji Nakamura’s former mas-
ters student from his time at Hokkaido University,
investigated the feasibility of this concept and
formulated the explanation of how it could be
implemented. Three types of extinction modes
were found and each extinction mode was
controlled by a suction flow rate. The article
summarizing this concept was accepted to be
published in a special issue entitled “Spacecraft
Fire Safety” in the prominent international journal
Fire Technology.

The leader of the research team, Professor Yuji
Nakamura, said, “The idea initially emerged
through informal discussions with US research-
ers. Though it was simple enough to test and con-
firm the concept, it proved far more challenging
to create a systematic study to demonstrate its
performance and to formulate the performance
based on a mathematical model. With the as-
sistance of Mr. Usuki, and their collaborator Prof.
Wakatsuki, the concept was confirmed and the
complete testing device was successfully devel-
oped. Controlled vacuuming was introduced by
an ejector system and all devices were activated
with sensors in the test to substantially improve

reproducibility. Fascinating flame suction images
show the results and provide high quality images
which show how the process should be modeled.
At present, space agencies are wary of introduc-
ing this concept because a functioning device
has yet to be developed and tested. However, we
will continue to refine and share the concept”.

The research team expects VEM to be adopted
as a technique for future space missions. They
note also that the technique would be applicable
for extinguishing certain rare types of blaze,
such as a metal powder fire, which can not
easily be dealt with by the current generation of
extinguishers. It is also expected to be useful for
tackling fires in clean rooms, where the spray of
fire-fighting agents could cause severe damage to
the structure and equipment, and so render them
unusable for a significant period.

Inthe future, if long-term space missions are to be
viable, then fire safety strategy will require recon-
sideration. Moreover, because non-specialists
such as newly recruited astronauts may in the
future be involved in space travel, or even staying
at a space hotel, the need for easy-to-use emer-
gency devices becomes clear. This concept could
eventually become the new standard for fire-fighting
devices in space. Even for home use, a “new”
vacuum cleaner may have special options with
this kind of fire extinguisher. Sounds ridiculous?
Maybe not.

This work was supported by Grants-in-Aid for
Challenging Exploratory Research, The Ministry
of Education, Science, Sports and Culture (No.
25560160).
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Harnessing Microorganisms for Smart Microsystems

Vorticella autonomously converts its linear motion to rotation

By Moeto Nagai

A research team led by Dr. Moeto Nagai of the Department of
Mechanical Engineering at Toyohashi University of Technology
has developed a method to construct a bio-hybrid system that
incorporates Vorticella microorganisms. The method allows mov-
able structures to be formed in a microchannel and harnessed to
Vorticella. The bio-hybrid system demonstrates the conversion of
motion from linear motion to rotation. These fundamental technolo-
gies help researchers to create wearable smart microsystems by
using autonomous microorganisms. The results of their research
were published in the IEEE/ASME Journal of Microelectromechan-

ical Systems on April 11, 2019.

Complex control systems are required
for the operation of smart microsys-
tems, but yet they need to be as small
as possible. It is thought that cells
may be applicable as alternatives for
these complex control systems. This
is because a cell integrates many
functions in its body and responds to
its surrounding environment, they are
intelligent and can be used in smart
micromechanical systems.

In particular, Vorticella convallaria
has a stalk (approximately 100 pm
in length) that contracts and relaxes,
and it works as an autonomous linear
actuator. The combination of stalks
and movable structures will form an
autonomous microsystem. However,
the construction of biohybrid systems
in a microchannel is difficult, as it is
necessary to establish a cell pat-
terning method and a biocompatible
assembly process for the structure
and cell.

Structure Integration and Motion Conversion by
Vorticella: A free-floating component is harnessed
to Vorticella and the component is autonomously
rotated and returned by means of a biohybrid ap-
proach.

The research team has developed
a method to construct a biohybrid
system that incorporates \Vorticella.
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“Harnessing microorganisms requires
that a batch assembly method be
applied to the movable components
in a microchannel. It is necessary
to pattern a water-soluble sacrificial
layer and confine the movable com-
ponents in a microchannel,” says
Moeto Nagai, a lecturer at Toyohashi
University of Technology and the
leader of the research team. Vorticella
cells were placed around blocks in the
channel by applying magnetic force.
These processes were applied to
demonstrate how Vorticella converts
the motion of a movable component.

Fig.1. Harnessing a structure to Vorticella: Integra-
tion of a structure with Vorticella (Upper, A, B).
Repetitive movement of a structure due to the
force of Vorticella and flow (Lower, C, D).

“The concept of harnessing a com-
ponent to a microorganism seems
simple, but it is difficult for even a
microfabrication expert to make
harnesses that can follow the mo-
tions of microorganisms. Hazardous
chemicals should be avoided, and
a multidisciplinary approach should
be taken,” says Nagai. His group is
familiar with microfabrication and has
conducted considerable research in
the field of microbiology. They found
a biocompatible approach for making
and releasing harnesses in a micro-
channel.

After permeabilized treatment, Vorticella
stalks respond to changes in calcium
ion concentration, and they can
operate as calcium ion-responsive
valves. The research team believes
that calcium ion-sensitive motors of
Vorticella will facilitate the realization of
autonomous fluidic valves, regulators,
and mixers, as well as wearable smart
microsystems, such as an automated
insulin infusion pump for diabetes.

Fig.2. Calcium-responsive valve actuated by
Vorticella: A channel is closed at low calcium-
ion concentration (Left). Vorticella opens the
channel at high calcium-ion concentration
(Right).

This work was supported by JSPS
KAKENHI (Grant Number 22810012,
25820087), the Ebara Hatakeyama
Memorial Foundation, and The
Foundation for the Promotion of lon
Engineering.
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Pick Up

TUT and Kobelco advances
“KOBELCO CONSTRUCTION MACHINERY ADVANCED CRANE LABORATORY”

In April 2019, TUT launched the “KOBELCO CONSTRUCTION
MACHINERY ADVANCED CRANE LABORATORY,” strengthening
the existing collaboration between TUT and Kobelco Construc-
tion Machinery Co.,Ltd, a leading manufacturer of construction
machinery in Japan. The aim of the collaboration is to create more
innovation through both our current research in automation, Al,
and the utilization of big data and research into the ideal form for
the next generation of cranes. This collaborative research system
will advance how a university and a company can work together
to offer great benefits to society and foster highly skilled engineers
through practical education.

B TUT establish a venture company to market a super small odor sensor

TUT established a new venture company, Aroma bit Silicon Sensor
Technology Co, LTD, to market the super small and high resolu-
1mm# tion CMOS type odor sensor which they developed. The venture
company plans to combine the the ion image sensor, which was
developed by TUT Professor Kazuaki Sawada’s research group,
with the odor receptor membrane developed by Aromabit. It is
the first university-launched venture company certified by the

aroma bt SST Toyohashi University of Technology.
LR The impressive potential of the sensor is evidenced by the fact that
. its 1,200 kinds of odor receptors, with the equivalent power of a

“dog’s nose”, will be packed onto an element of only 1 mm square.

The aroma bit silicon sensor technology Co, LTD aims to market
their product as a super small and low-cost sensor that can be
installed in smartphones and loT devices. Its potential applica-
tions could range from detecting deterioration in the quality of wine
after it has been opened to determining possible illnesses from a
breath test.
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H Toyohashi University of Technology

The Toyohashi University of Technology (TUT) is one of
Japan’s most innovative and dynamic science and technol-
ogy based academic institutes. TUT Research is published
to update readers on research at the university.
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