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Innovating the world-of MEMS by

overcoming problems:through
Ingenuity
Chinatsu Kawakami completed her masters course at Toyohashi University of Technology

in March 2021. Since her time as a student in a KOSEN - National Institute of Technology,
she had always aspired to be involved in the development of medical devices.

I Research Highlights

@ MicroLED neural probe for neuroscience
&

\ o
™

4

Optogenetic control and recording technology for elucidation of
brain funCtion...........oi 5

A

Semiconductor chip that detects exhaled gas with
high sensitivity at room temperature

Toward the realization of loT chemical sensors capable of diagnose
diseases through breath testing .....................o, 6

Prompting appropriate behavior change in drivers
with a “little nudge”

The development of a new driving agent based on the ‘Nudge
TR0y 7

Modulating helical nanostructures in a liquid
crystal phase by molecular design

The ester bond direction in liquid crystal dimers impacts the
helical pitch in the twist-bend nematic phase........................ 8

I Pick Up

TUT originated startup company “Power Wave” established for wireless
power transfer technology for vehicles and robots................................ 11

Toyohashi Heart Center and TUT establish collaborative research program
.............................................................................................................................. 12



Eeature Story

Innovating the world of MEMS by overcoming
problems through ingenuity

Chinatsu Kawakami

Chinatsu Kawakami completed her masters course at Toyohashi University of Technology in March 2021. Since her time as a student in a KOSEN - National In-
stitute of Technology, she had always aspired to be involved in the development of medical devices. Her particular interest was to research MEMS (Micro Electro
Mechanical Systems), which are a key technology in this field. After being admitted to Toyohashi University of Technology, she joined the research lab of profes-
sor Kazuaki Sawada. She worked on the development of ion image sensors, focusing on designing a method for creating a structure that inhibits problematic
ion diffusion. Additionally, she studied abroad at KAIST in South Korea where she successfully created a micrometer-sized (um) LED probe with a 3D printer for

use in optogenetics. This success was the fruit of Kawakami's originality and her serious approach to research.

In addition, she was also an active member of the inauguralclass of students to join TUT's Global Technology Architects course, established as part of the Top
Global University Project. In this capacity, she became a leading figure in on-campus, local and international activities , contributing to the globalization of TUT.

Interview and report by Madoka Tainaka

Attempting a structure that

inhibits ion diffusion
The lon image sensor is a biosensor that
combines of integrated circuit and sensor
technology to directly image the distribution
and movements of ions. By attaching an en-
zymatic membrane to the sensor and mea-
suring the ions detected by the enzymatic
reaction, it is possible to indirectly image
neurotransmitters, making it an innovative
sensor that will be useful for the advance-
ment of brain science and early diagnosis
of diseases.

At Toyohashi University of Technology,
advancements in this research have been
primarily led by professor Kazuaki Sawada,
the inventor of the ion image sensor.
He has already successfully visualized
multiple neurotransmitters released from
hippocampal slices taken from mice. Now,
through industry-academia collaboration,
the company is accelerating its efforts to
commercialise the technology.

One of the key challenges in developing this
ion image sensor has been ion diffusion.
Chinatsu Kawakami, who started working on
creating a sensor structure under professor
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Sawada, explains the reason in the following
way.

“In order to measure the ion concentra-
tion, the measurement must be made in a
solution. However, the ions diffuse in the
solution. Therefore, the problem was that
localized imaging could not be performed.
Only an image with a vague, blurred outline
could be obtained. Recently, a sensor was
finally developed that can measure at the
cellular level with a 2 pm pitch, but the close
proximity of the pixels increases the effect
of ion diffusion. Therefore, | started to work
on creating a structure that inhibits ion dif-
fusion.”

At first, the instruction from professor
Sawada was to create a well-shaped struc-
ture with a 2 um pitch and a depth of 5 pym,
using the photolithography technology used
to fabricate integrated circuits. An enzyme
membrane is formed on the sensor, and the
well-shaped structure is formed above that.
lons that react to the enzyme are held in the
well, which prevents lateral diffusion and al-
lows high-definition images to be obtained.

“However, even if the well-shaped pattern

can be made on the surface with photoli-
thography, the effects of light diffraction,
etc., prevented the imaging of depth. Also,
even minor alignment deviations would
result in all of the pixels being covered
by the structure, causing it to be a failure.
Through trial and error, | abandoned photo-
lithography due to its limitations, so | looked
for a more appropriate materialand found it:
porous alumina membrane.”

New ion imaging sensor

2 pm pitch
256 x 256 pixels

- cell
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Successful high-definition imaging
through the adoption of a porous
alumina membrane

The porous alumina membrane is a thin mem-
brane material with a self-organizing nanopore
arrangement. The small pores have a diameter
of 180 to 400 nm. Also, the deciding factor for
the adoption of this material is its biocompat-
ibility, as the membrane is used in biosensors.
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Kawakami explained, “If this could be crimped
to the structure, there would be multiple holes
open for each pixel, and minor alignment
deviations would not be a problem. A 54 pm?
enzyme membrane was formed on a semi-
conductor. This was exposed to light, and the
enzyme membrane that degrades acetylcho-
line (ACh) was patterned at a 64 um pitch. The
porous alumina membrane was then crimped
above that. As a result of this experiment, we
proved that it is possible to inhibit ion diffusion
and obtain a high-definition image.”

When acetylcholine was dripped on a sensor
without a structure, the ions generated by
the enzyme reaction diffused, and as time
elapsed, the pattern disappeared. In contrast,
for a sensor with a structure, the square-
shaped pattern of the ACh sensor part and
the surrounding hydrogen ion sensor part was
maintained even after time elapsed. For confir-
mation, the change in electric potential of the
ACh sensor part and the hydrogen ion sensor
part were investigated by plotting the electric
potential, and it was understood that ions were
only detected by the ACh sensor part when the
sensor had a structure.

“Ultimately, we were successful in imaging
with an enzyme membrane with a 16 pm
pitch. Since the size of a single cell ranges
from several um to 50 pm, we were able to
show that multiple types of neurotransmitters
released by a single cell can be detected in
high definition.”

In the future, professor Sawada’s research
team will will study the optimal thickness of
the alumina fim and increase the number
of neurotransmitters that can be detected
through animal experiments in collaboration
with companies and research institutes.

Successful creation of micro-LED
probes with a 3D printer

In actuality, Kawakami had difficulty coming
up with the process for the structure during her
fourth year as an undergraduate. She arrived
at the idea for the porous alumina membrane
during her first year as a graduate student.
However, the challenge of successfully crimp-
ing the alumina still remained. In the end, she
was able to adeptly attach the membrane by
meshing a water-soluble photosensitive resin
as a connecting layer. As it turned out, the final
breakthrough success came just before the
research grant meeting, when she finally
succeeded in producing a higher resolution
image.

https://www.tut.ac.jp/english/newsletter/

‘| was worried that | would finish my graduate
degree without achieving any results. | was
under pressure, because Professor Sawada
had said that he wanted results no later than
one month prior to the research brief, but | was
relieved at getting a positive evaluation in the
end.”

Her inquiring mind and ability to act were also
on display when she studied at KAIST (Korea
Advanced Institute of Science and Technol-
ogy) as her overseas internship during her
final undergraduate year and the first year of
her Masters. She was involved in research
on optogenetics, a field of technology which
is aftracting attention as a way of controlling
the functions of brain cells with light. In just 5
months, she succeded in creating a pm-sized
LED probe (ULED) for irradiating cells with
light.
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“In order to directly emit light into brain cells,
the probe needed to be created from a thin
material that was more flexible than silicon and
that would not cause damage. Generally, this
would be created in a cleanroom at a semi-
conductor factory, but the professor wanted
me to create it in the lab with a 3D printer. At
first, | was instructed to create electrodes for
the YLED by cutting and attaching aluminum
foil. I thought this would be impossible, but |
explored methods while using literature for
reference. In the end, | printed a structure with
grooves and turned it into a mold. | applied
a silver paste and formed it with a blade to
create the electrodes. Ultimately, | attached an
um-sized LED. This creation process was very
simple.”

At first, Kawakami was skeptical about creat-
ing with a 3D printer, but it turned out to be a
simple and inexpensive process. The shape
and size can be freely adjusted, and she
became confident that this would be useful
for on-site medical research in developing
countries.

“At the start of my study abroad period, | had
trouble speaking in English, and | was also the
only girl in the lab. | felt a bit isolated, but as |
produced results, | started to open up. | think
my experience of making things on my own in
KOSEN gave me confidence.”

The results were published in “Advanced

Feature Stor!

Functional Materials”, an international, high-
impact factor journal related to MEMS, and
Kawakami was listed in the article as a key
author of the paper. Also, a drawing of the
probe designed by Kawakami was used on
the cover of the journal.

She states, “I didn't think that | could achieve
results like this as a graduate student.
After graduation, | will work at Shimadzu to
develop analytical
machines and
medical devices.
| want to use my
experiences from
school to help me
achieve my goal of
developing medi-
cal devices.” We
look forward to her
future activities.

ADVANCED
MATERIALS

Reference

Juhyun Lee, Kyle E. Parker, Chinatsu
Kawakami, Jenny R. Kim, Raza Qazi, Junwoo
Yea, Shun Zhang, Choong Yeon Kim, John
Bilbily, Jianliang Xiao, Kyung-In Jang, Jordan
G. McCall, Jae-Woong Jeong, “Optogenetic
Probes: Rapidly Customizable, Scalable
3D-Printed Wireless Optogenetic Probes
for Versatile Applications in Neuroscience”,
Advanced Function Materials 46/2020, 12
November 2020,
https://doi.org/10.1002/adfm.202070305

Reporter’s Note

Ms. Kawakami is the first student to appear
in TUT Research Feature Story. The way she
steadfastly pursued her dreams is an inspira-
tion to us all. Aiming to become a world-class
engineer, she joined the inaugural class of the
Global Technology Architects Course (GAC) ,
established by Toyohashi University of Tech-
nology as a part of the Top Global University
Project. She gained useful experiences along
the way by living with international students on
campus in Global House (a shared apartment
style of student accomodation) and through
studying abroad. Beyond language skills,
she acquired the abilities required to be an
internationally-minded person.

Additionally, she worked part time at a special
nursing home for the elderly while she was
a student. Based on her experience of living
at home with a grandmother who required
care, she keenly understands the need for
very early diagnosis of Alzheimer’s. We hope
that she uses her characteristic persistence
to achieve results for the development of
medical devices. We're rooting for her future
successes!
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Researcher Profile
Chinatsu Kawakami

Chinatsu Kawakami graduated from National Institute of Technology (KOSEN), Anan College, before joining
the Global Technology Architects Course (GAC) at TUT. Having completed her masters degree, she started
working at Shimadzu Corporation in April 2021. Inher time as a student at TUT, she received multiple awards:
« Best Poster Presentation Award, The 36th Symposium on Sensors, Micromachines and Applied Systems

(November 21, 2019)

+ Best Presentaion Award, TUT 2020 Master' s degree thesis review (February 19, 2021) TUT Top Global

Leader Award (March 23, 2021)

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 Sci-
ence Technology at MEXT (Ministry of &
Education, Culture, Sports, Science and Technology)
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MicroLED neural probe for neuroscience

Optogenetic control and recording technology for elucidation of brain function

by Hiroto Sekiguchi

Associate Professor Hiroto Sekiguchi and Ph.D. candidate Hiroki Ya-
sunaga in the Department of Electrical and Electronic Information
Engineering at Toyohashi University of Technology have developed a

MicroLED neural probe for use in neuroscience. This MicroLED neu-
ral probe can optogenetically control and observe neural activity in
the brain. Neural activity was successfully recorded using this neural
probe, and confirmed that the MicroLED provided sufficient light output
to activate neural activity. The developed MicroLED neural probe is ex-
pected to contribute to the development of optogenetic technology in
the field of neuroscience, where light can be used to control neurons.

Information processes of advanced
brain functions are known to result from
complex interactions of interconnected
neurons. Optogenetic technology is ex-
pected to contribute to elucidating how
neural activity and animal behaviors are
linked because it uses light to precisely
target specific cells for manipulation
without affecting other cells in the brain.
Previously optical fibers have been
inserted in to the brain tissue of mice to
control neurons by optical stimulation,
there were some issues with damage
to the brain tissue as well as some dif-
ficulty in stimulating multiple locations.

In the field of engineering, microLEDs,
which vary from around one tenth to a
hundredth the size of a conventional
LED, are increasingly garnering atten-
tion thanks to the possibilities they are
opening up through the development
of high-brightness, highly efficient, and
high resolution displays. These displays
are created by arranging millions of
microLEDs in a single 1cm square. In
this study, the research team has fab-

ricated a new device that applies this
tiny LED in the field of neuroscience.
The micro-LEDs are very small, only
a few tens of micrometers square, but
they can produce light bright enough
to activate nerve cells. This new type of
neural probe tool can overcome many
of the problems presented by conven-
tional neuroscience tools, and its high
spatiotemporal resolution enables us
to control and record complex neural
activity control.

Associate Professor Hiroto Sekiguchi
said, “We have been developing LED
materials and researching LED micro-
integration technology for more than
10 years. As the industrialization of
LEDs progressed, | have been looking
for new research fields to utilize these
new types of LEDs. In the midst of this,
| happened by chance to meet a Phar-
macology researcher, and we ended up
chatting about our research. Six months
later, | received a consultation from the

(@)

] 15 Neural electrodes (15 x 15 um?)
12mm_6 (@:50 ym '

Pharmacology researcher, which led
to of this research result. | believe that
my simple and easy-to-understand
explanations, as well as my active inter-
est in discussing topics across different
fields, contributed to the development
of this interdisciplinary research project
combining pharmacology and engi-
neering.”

The research team hopes to contribute
to the development of neuroscience
by applying the developed MicroLED
neural probe to animal experiments re-
lated to in vivo optogenetics research. If
the understanding of brain functions is
advanced using this tool, it is expected
to be utilized for developing treatments
for various conditions, such as cancer,
psychiatric disorders, and epilepsy.
In addition, it is expected to have ap-
plications for brain-machine interfaces,
and in the field of Al concerned with the
development of new algorithms based
on brain functions.

This study was partially supported by
the Precursory Research for Embryonic
Science and Technology Agency (JP-
MJPR1885), Research Foundation for
OptoScience and Technology, and the
Nitto Foundation.

Reference

Hiroki Yasunaga, Toshihiro Takagi, Diasuke
Shinko, Yusei Nakayama, Yuichi Takeuchi, Atsushi
Nishikawa, Alexander Loesing, Mashiro Ohsawa,
and Hiroto Sekiguchi (2021). Development of
a neural probe integrated with high-efficiency
MicroLEDs for in vivo application.
http://dx.doi.org/10.35848/1347-4065/abcffa

(a) 3D schematic and (b) cross-sectional structure of the proposed
integrated Micro LED and neural electrode probe. (c) a MicroLED
neural probe mounted on a PCB board and (d) optical microscope
images of a neural robe before and during LED operation.

Neural probe integrated with MicroLEDs
and neural recording electrodes
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Semiconductor chip that detects exhaled gas

with high sensitivity at room temperature

Toward the realization of loT chemical sensors capable of diagnose diseases through breath testing

By Toshiaki Takahashi

Doctoral student Toshiaki Takahashi*, associate professor Kazuhiro Takahashi, and
their research team of the Department of Electrical and Electronic Information Engi-
neering at Toyohashi University of Technology developed a testing chip using semi-
conductor micro-machining that can detect volatile gasses in exhaled breath at the
ppm level at room temperature. A polymer that expands and contracts when gas is ab-
sorbed is formed on a flexibly deformable nanosheet, and the amount of deformation
that occurs when a target gas is absorbed is measured, allowing gas to be detected
at high sensitivity. The testing chip which is no more than a few square millimeters in
area thanks to semiconductor micro-machining technology, is expected to contribute
to telehealth as an loT gas sensor that can easily be used in the home for breath tests.

"The authors’ affiliation and title is at the time this research was conducted.

When measuring specific molecules
in the breath and blood as an index for
identifying the existence and degree
of progression of various illnesses,
there are several methods to choose
from. Amongst these methods, non-
invasive measuring by breath testing
has emerged as a promising and
patient-friendly option. It has been
identified that volatile organic com-
pounds found in exhaled breath will
increase in concentration in cases of
diabetes, renal failure, lung cancer,
and other illnesses. Consequently it
can be reasonably be expected that
these laboratory markers will be mea-
sured for use in patient screenings.

Up to now semiconductor gas sensors
have generally worked by using a film
formed on a sensor whose electrical
resistance and capacitance change
in reaction to a gas. Measurements
are then made by heating the film to
several hundred degree Celsius. How-
ever, in order to reduce the resulting
temperature increases in the periph-
eral circuits, it becomes necessary to
house them in a separate structure.
This in turn creates issues arising from
the increased complexity of the manu-
facturing processes and the decrease
of the integration per unit area due to
the isolation of elements. In addition,

loT chemical sensor that detects minute quantities of gas
molecules adsorbed on the surface of the thin nanosheet
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the increase in power consumption
caused by heating poses a problem
for applications in loT devices.

To counteract these problems, the re-
search team developed a new type of
sensor that forms a polymer material
which expands and contracts when
gas molecules are absorbed onto a
thin, flexibly deformable nanosheet.
It then measures the amount of the
target gas absorbed in terms of
the amount of deformation of the
sheet. The proposed sensor uses
the interferometric property of light
intensification through a narrow gap to
determine gas adsorption in terms of
color change. As a result of this tech-
nology, it is now possible to create a
testing chip that can measure gas at
room temperature without a heating
mechanism.

Also, this sensor can increase sensi-
tivity without increasing area because
of the formation of a narrow, sub-
micron air gap of up to a few hundred
nanometers between the thin flexible
nanosheet and the semiconductor
substrate. However, it was very dif-
ficult to merge the thin nanosheet
above the sub-micron air gap while
forming the gap, and it was neces-
sary to develop a new manufacturing
process to achieve the structure.

Therefore, the team focused on
the strong adhesive properties
of the thin nanosheet when heat
and pressure are applied. A new
manufacturing process was intro-
duced where two different silicon
substrates are adhered, and
then the substrate on one side
is removed to create a sensor

structure with a sub-micron air gap of
about 400 nanometers. In comparison
to traditional sensor structures formed
with a gap of a few micrometers, the
sensor response was demonstrated to
have improved by 11 times, and it was
possible to determine the deforma-
tion of the thin nanosheet due to gas
adsorption in terms of color change.

Additionally, it was demonstrated that
the testing chip that was developed
can detect ethanol gas, a typical
volatile organic compound, in ppm
level concentrations. The lower con-
centration detection limit is equivalent
in performance to the most sensitive
semiconductor sensors that can
measure at room temperature, and
compared to sensors that use the
same detection method, the detection
performance improved by 40 times,
while the area per single element was
reduced to 1/150. These properties
make it likely that this sensor can
be used in future as part of a small,
portable breath testing device.

The research team plans to demon-
strate the possibility of using the semi-
conductor sensor they developed to
detect various volatile gasses related
to illnesses. Also, they aim to con-
struct a small, portable sensor system
for breath monitoring that consumes
less power than traditional IoT gas
Sensors.

Reference

Toshiaki Takahashi, Yong-Joon Choi,
Kazuaki Sawada, and Kazuhiro Takahashi, A
ppm Ethanol Sensor Based on Fabry-Perot
Interferometric Surface Stress Transducer at
Room Temperature, Sensors.
https://doi.org/10.3390/s20236868
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Research Highlight

Prompting appropriate behavior change in drivers
with a “little nudge”

The development of a new driving agent based on the ‘Nudge Theory’

By Naoki Ohshima

The Interaction and Communication Design Lab (ICD-LAB), a
research group formed from Toyohashi University of Technol-
ogy’'s Department of Computer Science and Engineering and
the Electronics-Inspired Interdisciplinary Research Institute
(EIIRIS), have developed a new driving agent, (NAMIDA®, that
“applies small nudges with the purpose of modifying a per-
son’s behavior towards a desired outcome”. <NAMIDA®> uses

three agents to create ‘rapport talk (chit-chat) and makes it
possible for the driver listening to the chat to select the appro-
priate behavior based on his/her own judgement.

Conversation by traditional driving agents often
uses unilateral instructions directed towards the
driver, and leaves the driver with the impression
that their behavior is being forced by the agent,
or imposes a cognitive burden on the driver. A
research group from the ICD-LAB led by Lecturer
Ohshima in the Department of Computer Science
and Engineering at Toyohashi University of
Technology developed <NAMIDA?, a new driving
agent based on the Nudge Theory that “applies
small nudges with the purpose of modifying a
person’s behavior towards a desired outcome”.

The Nudge Theory is a new way of thinking that
is gaining attention in the field of behavioral
economics pertaining to prompting change in a
person’s behavior. The theory that “a small prompt
or ‘nudge’ is more effective than ‘nagging’ in guid-
ing a person’s behavior in the right direction” was
proposed by the University of Chicago’s Professor
Richard H. Thaler, winner of the Nobel Prize in
Economics in 2017.

An image of a vehicle equipped with the driving
agent{NAMIDA®>

There has been a continuous flow of proposals
for unique driving agents both overseas with MIT
Media Lab and Volkswagen's AIDA, as well as
domestically with KIROBO Mini (by Toyota Motor
Corporation), a small robot that supports com-
munication between the driver and the vehicle, but
the ICD-LAB of Toyohashi University of Technol-
ogy is the first in the world to incorporate Nudge
Theory to the communication between drivers and
driver agents. This method is designed to lead to
the fostering of consideration towards passengers
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and pedestrians and appropriate driver behavior.

O
(2 O

Unilateral instructions from the agent

Hmm, maybe | should
take more care
" N

Rapport-talk by the agent and the driver noticing

(NAMIDA®), the new driving agent offered by
the ICD-LAB, uses three agents to create ‘rapport
talk (chit-chat) and makes it possible for the driver
listening to the chat to select the appropriate be-
havior based on his/her own judgement. Choosing
one’s own behavior without being forced also
brings about a sense of satisfaction in choosing
that particular behavior.

One of the main features of <NAMIDA? is that
it provides a calm navigation environment in a
format in which is it possible to predict driver
behavior without neglecting the interaction with
the driver, nor forcing the driver into a particular
behavior.

A test run using a driving simulator (video)

ICD-LAB also conducted testing using a driving
simulator and succeeded in showing the useful-
ness of guidance by rapport talk. As shown in the
agent conversation example, by expressing the

_'FI'
|
e bl

agent's preference for a particular route, the driver
was nudged towards choosing that direction as if
on their own initiative (whereas in fact the driver
was being guided towards the path suggested by
the agent).

On the other hand, when the agents expressed
their separate opinions outside of a conversational
context there was no noticeable impact on the
driver's behavior. On the contrary, we discovered
that the driver formed a negative impression due
to the unfocused input of the agents. This type
of guidance technique using rapport talk can
therefore lead the driver to behave appropriately.

“hm@

-'F\‘-O

Conversation and provision of information using rapport talk

Driving agent (NAMIDA®)s interaction technol-
ogy can be applied to fields such as welfare and
nursing, as well as educational support interfaces,
and we are planning on developing it further in the
future. We plan to further challenge ourselves in
future endeavors aimed at the implementation of
{NAMIDA%s interaction technology in society
so that we can provide this driver agent's unique
technology in more familiar everyday living
spaces.

References

Momoko Fushiki, Kazuki Ota, Komei
Hasegawa, Naoki Ohshima, and Michio Okada
(2020) Application of ‘Nudge Theory’ for a
Driving Agent “NAMIDA”, Human Interface
Society Journal, Vol. 22, NO.4, 443-456.
https://doi.org/10.11184/his.22.4_443 (in Japanese)

For more information on ICD-LAB Activities:
Website:https://www.icd.cs.tut.ac.jp/
Twitter:https://twitter.com/lcdLab
Facebook:https://www.facebook.com/icdlab
Instagram:https://www.instagram.com/icdlab/
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Hesearch Highlights

Modulating helical nanostructures in a liquid crystal
phase by molecular design

The ester bond direction in liquid crystal dimers impacts the helical pitch in the twist-bend nematic phase

By Yuki Arakawa

A research team led by Assistant Professor Yuki Arakawa, from the Department of Applied
Chemistry and Life Sciences at Toyohashi University of Technology, has successfully de-
veloped sulfur-containing liquid crystal (LC) dimer molecules” with oppositely directed es-
ter bonds, which exhibit a helical liquid crystal phase, viz. twist-bend nematic (Ny5) phase?,
over a wide temperature range, including at room temperature. Collaboration with a team at
the Advanced Light Source research facility at Lawrence Berkeley National Laboratory, USA,
revealed that the ester bond direction in the molecular structures largely impacts the pitch
lengths of helical nanostructures in the Ny phase. Itis expected that this molecular design can
be used to tune the resultant physical properties of LC materials that would contribute to new
LC technologies, such as LC laser, photo-alignment, and display technologies.

This research paper was selected in “Materials Advances HOT Article Collection, 2020”,

The Nyg is a newly identified fluidic liquid
crystal (LC) phase, which possesses a
helical nanostructure with a pitch ranging
from single to double digit nanometers,
and which is attracting considerable
interest in the LC science community.
Recently, various approaches to applying
the Nz materials to wavelength-tunable
LC laser and photo-alignment technolo-
gies have been investigated. In terms
of practicality, it is desirable for LC
materials to form LC phases over a broad
temperature range of 100°C or higher
which encompasses room temperature.
Unfortunately however, molecules that
can maintain the Nz phase over a wide
temperature range, including at room
temperature, remain exceptionally rare.
This has impeded deep evaluations of
various properties and the development
of new applications.

Assistant Professor Yuki Arakawa and
his team from Toyohashi University of
Technology have been taking an interest
in developing novel sulfur-containing LC
materials, especially for high-birefrin-
gence materials and twist-bend nematic
LCs, based on thioether (R-S-R) linkages
that contain sulfur. Sulfur, which is found
naturally occuring in hot springs, is one

of the few surplus resources in Japan.
Sulfur or thioether bonds have high po-
larizability and are expected to be useful
functional moieties for improving certain
physical properties, such as refractive
index and birefringence, compared with
other bonds based on conventional
atoms, such as methylene (carbon) and
ether (oxygen).

Previously, Assistant Professor Yuki Ara-
kawa and his team had successfully de-
veloped thioether-based bent molecules
that exhibited the Nz phase. In this study,
we attempted to devise new LC dimers
by introducing oppositely directed ester
bonds (i.e., -COO- and -OCO-) to the
thioether-based bent dimeric molecules
and elucidating the influence of the ester
bond direction on the Nz phase behav-
iors. The team succeeded in developing
new molecules that exhibit Nz phases
over a wide temperature range, including
room temperature.

Furthermore, the team observed a phe-
nomenon, in which the helical pitches
(6-9 nm) of the molecules with COO
ester were approximately half (11-24
nm) of those with OCO ester. This is
because the COO-ester dimers have
more bent molecular geometries than the

1124 nm

Molecular structures of the synthesized LC dimers and images of the
resultant helical nanostructures with different helical pitches.
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OCO-ester dimers, resulting in a more
enhanced molecular precession in the
helical structure for the former than for the
latter. Finely tuning the molecular design
(i.e., the ester bond direction) enables the
manipulation of helical nanostructures,
which is particularly important for optical
applications.

According to Assistant Professor Ara-
kawa, “LC molecules that exhibit the
helical Nz phase over a broad tempera-
ture range, including room temperature,
remain rare. No studies have clearly
revealed the structure-property relation-
ship between molecular design and the
resultant helical structure, i.e. how the
helical nano-structures can be controlled
by molecular design. We believe that our
studies provide insights into this ques-
tion.”

This work was partly supported by the
Japan Society for the Promotion of Sci-
ence (JSPS) KAKENHI grant numbers
17K14493 and 20K15351, the Naito Re-
search Grant, and research grants from
the Toukai Foundation for Technology and
Toyohashi University of Technology.

Technical Terms

" A structure type of LC molecules in
which two rigid structures are con-
nected with a flexible alkyl chain
spacer.

2 A helical liquid crystal phase in which
bent molecules heliconically assemble
to make a helical nano-structure.

Reference

Yuki Arakawa, Kenta Komatsu, Jun Feng,
Chenhui Zhu, Hideto Tsuji. "Distinct twist-bend
nematic phase behaviors associated with the
ester-linkage direction of thioether-linked liquid
crystal dimers." Materials Advances, 2020.
https://doi.org/10.1039/DOMA0C0746C
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Pick Up

P

TUT originated startup company “Power Wave” established for wireless power transfer
technology for vehicles and robots

“Power Wave”, a university-based startup company was launched in March 2021 from the Laboratory of Professor Takashi
Ohira at Toyohashi University of Technology (TUT), which promotes the research and practical application development of
wireless power transfer to Electric Vehicles (EV) from the road while driving. This technology, which combines both power
transmission and charging, is attracting attention as a way to compensate for the limited range of EVs.

The CEO of the company will be Shinji Abe (29 years old), TUT =
Project Research Assistant and graduate of Sendai KOSEN
National College of Technology, who has been promoting
this research at TUT’s graduate school . The CTO will be TUT
Project Research Assistant Minoru Mizutani, a graduate of
Suzuka KOSEN and TUT’s Masters course. Finally, Professor

Takashi Ohira was appointed as Director and General Man- - way V\‘l
ager of the R&D Division. Power Wave was established with :
the cooperation of local private companies in Toyohashi City j /B ower Wav.

with Mr. Norito Oida, CEO of the IT-related start-up company
TASUKI, as CFO and Mr Koichi Obata, Director of a certified
public accountant firm, as auditor. Full-scale system verifica-
tion experiments will begin in October of this year jointly with
Toyota Group companies such as Aisin and Denso, with the
aim of providing a practical system from 2022 onwards. This - g
work is partially supported by “Knowledge Hub Aichi”, the CFO Norito Oida, CTO Minoru Mizutani, CEQ Shinji Abe, Professor Takashi

. . L Ohira, Auditor Koichi Obata (left to right
Priority Research Project from Aichi Prefectural Government. ( ont

Related TUT Research Articles

» Starting development of a wireless charging system for amusement park Go-karts, TUT Research No.23, Nov. 2020

» Social Implementation of Technology and the Role of Toyohashi University of Technology in Society, TUT Research No.11, Dec. 2017
e “Resonance Q Theory” — A Breakthrough Discovered by TUT, TUT Research No.11, Dec. 2017

e A new measure for wireless power transfer, TUT Research No.3, Nov. 2015

B E2BRMBFAFERE 25—V T Power Wave| #5537

ETPOESEEFEAN WA SETRICTI VLA TESEEXDVATLAOMREERLZHET D EBFHMBZEAFZOAXEZHIBOAREN
5 KEFRIY—N7Y TR EPower Wavel ’2021FE3BICII5 AW FLI EBERBEMILIECODAR IS EREEBEDETEHDOR I
EDRRE@BOBMELTEEINTIVET,
KEREUHERCEOICIASEERR 22 EE SEBHMBZERZORZRTRABMOMREHEL  RESBEMBZRZOFEHF FEEL (29
) EMEEIBE CTOICHENF K2 (BESEXE SBEFMHMZAZAZRET) BHER - HRBEABRICKEZHENIMELEL .2
BHRORBTEDHRH%EET Power WaveldBBiIS N BEE CFOZITEERY— 7y T ¥ [TASUKIIDCEOTEAEBE A K. EEBB A N\REE
TEHFRFFED/NEH— KA BOFET.AEI10OBLIMONEHNWEESHR O IIMD—BELT NIAZIIN—TDTA DT —HEE
HEFIERBEAERIEEBEL. 2022F BN SOERB U ATLDREZBIELET,

TUT Research B8&5C5

< ER TN —bk DA VL 2AREBIATLDRFEAERY—, TUT Research No.23, Nov. 2020
- BRifiDHEREREE/PMBZRFZDHZMIEE], TUT Research No. 11, Dec. 2017

DAV L ZEEDRRZZ 2D TUTED [HISQIER], TUT Research No.11, Dec. 2017

« A new measure for wireless power transfer, TUT Research No.3, Nov. 2015
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Hiok Up

l Toyohashi Heart Center and TUT establish collaborative research program

Toyohashi University of Technology and Toyohashi Heart Center have established a collaborative research program to real-
ize a smart hospital utilizing Al and loT robotics based around the principles of providing high quality medical care with
high efficiency and low labor intensity. A large-scale collaborative research project with a total research investment of 100
million yen will run for five years starting in FY2021. The research will focus on the following goals: implementation of an
Al automated medical consultation system using voice input, a medical record preparation support system using natural
language processing, a cardiovascular imaging diagnosis system using Al based on the image data and diagnosis results
accumulated at the Heart Center. At the same time, an educational program to develop human resources who can sustain-
ably adopt, utilize, and develop Al and loT technologies for use in medical care. Through this program, TUT will promote the
social implementation of the university’s research results in the medical field.
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