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February 1st (Fri.), 2019, Reception Hall

2019%F2R18 (&) ==:WRIELETVaVik—)b

10:00-10:10 [Opening Remarks / FHRIRE]

Kazuhito Hashimoto (President, National Institute for Materials Science, Japan)
A RS (s - ok re s B2

Ministry of Education, Culture, Sports, Science and Technology/ 3G Fl 224

10:10-10:45 [Plenary Lecture / Bi5EE]

Yoshinao Mishima

(The Chair, Committee on Nanotechnology and Materials Science, MEXT)

28 RIE /77 uy—  WEREERERS  B8)

“R&D Strategy for Nanotechnology/Materials Science toward Super Smart Society”

[RFEHARRRICATI T /T 0./ 0I— - HRDEFOM SRR

10:45-11:15 [Special Lecture / $§7l58iE]

Masayoshi Esashi (Tohoku University, Japan)

VL IR Gloekss)

“MEMS Toward Realizing Super Smart Society”
[BA~Y— b=IC@ElF e MEMS OERIE]

11:15-12:05 [Session 1]
Sensor - Actuator / Y — « POF21I—5—

11:15 -

11:40 -

Jin Kawakita (National Institute for Materials Science, Japan)

NES 1 e - woRBreke)

“R&D of sensors and actuators toward agriculture and healthcare applications”
[BEINIVATTZDOIAZBRELCEYY - 7OF 1 T -5 DMFEHHE]

Kiichi Niitsu (Nagoya University, Japan)

Wit FE— nmEk)

“Nanotechnology-enabled Sub-nano-Watt Integrated Healthcare loT

~Stand-Alone Energy-Autonomous Continuous Blood Glucose Monitoring Contact Lenses ~”
[F/TORAY T /Ty hEBANIVAY 7 loT ~BEMEMERTRE - B8 ILRHEIE
TEZHUYIAVE T b~]

12:05 - 13:05 Lunch / BB

13:05-13:30 [Session 2]
nanotech 2018 award lecture / nano tech XE 2018 &8

13:05 -

Shinichi Yorozu (NEC Corporation, Japan)
B fh— (BRmakRa
“Nanotechnology in loT era”

[oT BFXDF/Fo./0I—]



13:30-15:00 [Session 3]

Overseas Nanotechnology User Facility Programs / ;8% 7./ 7O X RAEEEBN

13:30 - Thirumalai Venky Venkatesan (National University of Singapore, Singapore)
“Road to ultra-low switching Energy Memories to artificial neurons”
[Ca—3SIVEFTI\A ANDE]

14:00 - Peter J. Cumpson (University of New South Wales, Australia)
“Open Access Analytical Services for Nanotechnology, with emphasis on Surface Analysis”

[REDMZERE Vot —EADF -T2V 7 I RRIE]

14:30 -  Mitsuhiro Murayama (Virginia Tech, USA)
“Emerging understanding of anthropogenic and natural nanoparticle impacts on Earth systems
—a new paradigm for earth science—"

[ARNRUOBERT/ RFDOHIRD 25T LNDREDFH UVIEE — IR 2 (CHIF DIMTIIE/INS T A Li—]

15:00 - 15:20 Coffee Break / {48

15:20-16:40 [Session 4]

Characteristics of Facilities and their Applications in Nanotechnology Platform /

F/79./09=T5y b x—LORKENIIEE & DA
F/570./09—-T5vhT3— LOFHENB il EFIFASEHEDREN

15:20 - Katsuaki Sato (Program Director for Nanotechnology Platform, MEXT)

i W Coopblr B 77 /09 =998 70— 28 FUTIRFALY 5 —)

“Toward further development of nanotechnology platform”

[F/70./09-=T3y b I4—LDESKEDIRRZDHT LTI
15:40 - Kanako Inoue (Osaka University)

IE L MZEY OB BS54 —2)

“Improvement of chemical fixation effect by oxygen nanobubble

-Cytological analysis of Ralstonia solanacearum-”

(B3R / I\ TIVICKDEEHNEENRDE L — Ralstonia solanacearum DRI HIEEMT— |
16:00 -  Yoshio Mita (The University of Tokyo)

SHOEHEE Gk BN TS b7 — A)

“More chance with Nanotechnology Platform: Next Generation MEMS R&D model”

[REISRINDIT: 7/ 720./0I—T5 v b T4 —LTHUTHEL LimER MEMS]
16:20 -  Masahiro Goto (Kyusyu University)

B HEE ONIE BT WEEKRT T v b7 4 —2)

“Biopharmaceutical Application of Nanotechnology —Development of Transdermal Vaccine—"

[INAAEERNDF/T0./0I—0DE —BDDIF VHRFE—]

16:40-16:45 [Closing Remarks / BiRRIS]

Shigeo Tanuma

(Chairperson of the Organizing Committee of JAPAN NANO 2019 / Director, Center for Nanotechnology Platform, National Institute for Materials Science, Japan)

HE B (JAPAN NANO 2019 MUkZ H IS, W - MEBIERM T 2 72 / 0V =759 b 74—t Y 5 —5)
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[ A< — ME& I 72 MEMS O % 1L
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T IEE Oleks)
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B — (nABAkEL)
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“R&D Strategy for Nanotechnology/Materials Science toward
Super Smart Society”
[RERMSRRIC@ITcF /T ./0I— - MEDEFORR R
Yoshinao Mishima (The Chair, Committee on Nanotechnology and Materials Science, MEXT)
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“Nanotechnology in loT era”
[loT BXDF/ 5o/ 09—

Shinichi Yorozu (NEC Corporation, Japan)
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“Road to ultra-low switching Energy Memories to artificial
neurons”
[Za—SIVEFTI\A A DE]
Thirumalai Venky Venkatesan (National University of Singapore, Singapore)

“Open Access Analytical Services for Nanotechnology,
with emphasis on Surface Analysis”
[REDHEREE ULDY—ERDF—TV 7 O RBIE]

Peter J. Cumps()n (University of New South Wales, Australia)

“Emerging understanding of anthropogenic and natural
nanoparticle impacts on Earth systems —a new paradigm for
earth science-"

[ANBHRUBART /RFOMIRD X5 LNDRZEDFH UVVIEMF
— HERRIRICBIF DHFINS S A L]

Mitsuhiro Murayama (Virginia Tech, USA)
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Road to ultra-low switching Energy Memories to artificial neurons

T. Venkatesan', Sreetosh Goswami', Li Changjian', Chen Jingsheng',
Abhijeet Patra', Viknish Krishnan Kutty' and Sreebrata Goswami’

'NUSNNI, T-Labs Building, National University of Singapore, Singapore 117411
*Association for Cultivation of Sciences, Jadavpur Kolkata, India 700032

Abstract

Artificial intelligence (Al) has been heralded as the flagbearer of the fourth industrial revolution. But it
comes with a cost and that is computing power. It is projected that by 2040, we will need more computing
energy than the total terrestrial energy. Memory devices are responsible for a significant fraction of the
energy consumed in electronic systems- typically 25% in a laptop and 50% in a server station. Reducing
the energy consumption in memories is an important goal. For the evolving field of artificial intelligence
the compatible devices must simulate a neuron in order to meet the low energy required for brain-like
functions. We are working on three different approaches towards these problems- one involving an
organic metal centred azo complex, the other involving oxide based ferroelectric tunnel junctions and the
last involving real live neuronal circuits.

Experimental Results

Organic Approach: With our organic resistive memories built on oxide surfaces (Fig. 1) are robust,
stable (operating from -40 to 80C for >10"6s) and enduring (>10"12 cycles) exceeding the ITRS
roadmap specification significantly demonstrating the viability of this system for practical applications.
Besides meeting industrial metrices, this work implements in-situ spectroscopic platforms to detect
molecular states of devices while in operation - an elusive goal in organic electronics. The mechanistic
understanding thus developed leads to the realization of several hitherto unforeseen scientific paradigms
such as voltage-controlled charge disproportionation, sequential layered redox mechanism leading to
even 29-state devices. Such devices can offer a boon to the neuromorphic technology and brain inspired
computing which are still in search of ideal material candidates for neuromorphic devices.

Our devices are scalable from micron size to 50nm’ (measured with a c-AFM tip). With scaling the
switching voltage drops from a maximum of 4 Volts (in a micron device) to 120mV (to a nano-device) (Fig.
2)! The nano structures act as seeding points of locally enhanced fields significantly lowering the charge
injection barrier. With these devices, we are now able to reach100al switching energy, at least 4 orders
superior to any other resistive memory.

Gold (100nm)

1 .
NVAASN Ru(PAP),
-\qr_’_,uf.':,/_‘_“_\_f . (10-100nm)
\ ITO (100nm)

pEN H Complex -_\-‘“-\,\
H [Ru(L*) ] YSZ
Me (Rl L*p]"
K . oy M
Cl (R L50]

B

Fig. 1. The molecule is a Ru centred Azo ligand based complex. The azo group can have three charged (redox)
states and these molecules are spin coated on an ITO film with metal electrodes on top".
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5 i -2 ] Fl & B 8 08 Bd 82 o n2 04 08 OB o3 837 D1 8 @81 bz B3
“olbmge (Vo Viohags (Voh) Tip o tngn (o}

Fig.2. As the device size is reduced (micron®) the switching voltage progressively decreases from 4V to 0.12V (50nm?).



Table 1

ITRS Projection Achieved Values |Best Organic Device

Read Current >10nA 200 fA at 400nm’
WI/E time ~ns <30ns ms

Write Cycles >10" >10" 10*

Write Voltage <0.6V 0.15V 1.5V

Read Voltage <0.2V <.05V AV

Write energy <lpJ jgs?lﬂif;e; Oig,nlr?; L Not reported

Oxide Approach: On the oxide front the significant results are that ferroelectricity is seen even in one
or two atomic layers of BaTiO3 or BiFeO3 resulting in ferroelectric tunnel junctions with usable On/Off
ratios””. Oxygen vacancy motion can also play an important role in changing the device characteristics
leading to synaptic characteristics and lead to multiple memory states (Fig. 3).

Live Neuronal circuits: Last but not the least, oxide surfaces can be utilized to force neurons to
grow at specific places on a surface giving the potential for fabricating live neuronal circuits. Using
lithographically etched channels the axons could be guided to create a 2D matrix of neurons and if such
circuits could be made reproducibly with live neurons this would lead to a significant understanding of
neuronal communications and also understanding neurodegeneration process and also developing drugs to
combat neurodegeneration.

a b c d
10° 10° 10° 10°
v - 1Rt e M
. iyt . At . e . . d
o 10 PO ] 10 g . 10 - = 10 - -
I 7 - L 4 - bt - ) J
- F) ? =
10° 7 : 10° - 4 10° r 4 - 10° -
- - L] 0.1 Tornd 0.1 Torr
_.ﬁw""-"""’- 0.05 Torr “‘:—i'#lﬂ'-""" 0.1 Tarr -‘Ln——l-—' 10 mins|OA ”_-n-m-ﬁ 3hOA
2 2 2 2
10 -4 -2 [0} 2 4 10 -4 -2 o 2 4 10 -4 -2 o 2 4 10 -4 -2 o 2 4
Voltage (V) f Voltage (V) Voltage (V) h Voltage (V)
¢ ] g R s
I . L~ | e 10¢) BTO
g 104 7 J! 0% | = 10° - g |sro
= : ' S
x 1 : - 0.1 Torr ul 0.1 Torr T .
10° ' 0.1 Torr Ig 30 mins OA | 3hoa . 10
e ' o |
| F———— 10°] mppiarnsrame e . - , a
10 -4 -2 o 2 4 -4 -2 (o) 2 4 10 -4 -2 0 2 4 10 o 10 20 30
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Fig. 3. Combination of ferroelectric tunnel junction and oxygen vacancy motion can lead to multi-state memory*

References
1. Sreetosh Goswami, et al., Nature Materials, 16, 1216 (2017)
2. C.J. Li, et al., Nano Letters 15 (4) 2568-2573 (2015)
3. Han Wanget al., Nature Comm. 9, 3319 (2018)
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5. Rui Guo, et al., ACS Applied Materials and Interfaces, 10, 12862 (2018)

T. Venkatesan- A Short Biography

Prof. T. Venkatesan is currently the Director of the Nano Institute at the National Univer-
sity of Singapore (NUSNNI) where he is a Professor of ECE, Physics, MSE and NGS. He
wore various hats at Bell Labs and Bellcore before becoming a Professor at University of
Maryland. As the inventor of the pulsed laser deposition (PLD) process, he has over 740
papers and 30 patents and is globally among the top one hundred physicists (ranked at 66
in 2000) in terms of his citations (Over 42,700 with a hirsch Index of 105-Google Schol-
i ar). He has graduated over 45 PhDs, 35 Post Docs and over 35 undergraduates He is also
the founder and Chairman of Neocera, a company specializing in the area of PLD and magnetic field imaging systems.

Close to 10 of the researchers (PhD students and Post Docs) under him have become entrepreneurs starting over 17 dif-
ferent commercial enterprises. He is a Fellow of the APS, winner of the Bellcore Award of excellence, Guest Professor at
Tsinghua University, Winner of the George E. Pake Prize awarded by APS (2012), President’s gold medal of the Institute
of Physics Singapore, Academician of the Asia Pacific Academy of Materials, Fellow of the World Innovation Forum,
was a member of the Physics Policy Committee (Washington DC), the Board of Visitors at UMD and the Chairman, Fo-
rum of Industry and Applications of Physics at APS. He was awarded the outstanding alumnus award from two Indian
Institute of Technologies- Kanpur (2015) and Kharagpur (2016), India.
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Open Access Analytical Services for Nanotechnology,
with emphasis on Surface Analysis

'P. J. Cumpson

"University of New South Wales,
Mark Wainwright Analytical Centre, UNSW, Sydney, NSW, 2052, Australia

Abstract

The development of any new technology involves a “Make — Measure — Modify” cycle. In nanomaterials
applications the most difficult and capital-intensive step is often the measurement and characterisation step.
Nanodevices *never* work first time; in other words, they fail their first functional tests. Unlike macroscop-
ic machines, rework is typically impossible. Access to nanoanalytical tools to find out why the functional
test failed is absolutely essential to avoiding “dead-end” research leads.

We will discuss how nano-analytical tools can diagnose faults in materials and devices. We discuss the role
and economics of “open access” facilities and the management/funding models that have been used in sev-
eral countries over the last 30 years. We will then look specifically at surface analytical facilities (X-ray pho-
toelectron spectroscopy, XPS and Secondary lon Mass Spectrometry, SIMS) as examples of cutting-edge
spatio-spectral analytical methods.

Analytical tools, on their own, are useless. They need skilled operation and interpretation of the results. We
shall see that domain knowledge (for example from the fabrication of a device) *and* analytical knowledge
(from scientists and engineers specialising in analytical methods) are both necessary for problem-solving at
this level, and must be combined. Integration of these two strands of problem-solving is a sociological, not
just an engineering problem. We look at some examples of this collaboration (both successful and unsuc-
cessful) in the UK and Australia.



Prof. Peter J. Cumpson

Executive Director,
Mark Wainwright Analytical Center (MWAC),
University of New South Wales

Professor Peter Cumpson is currently Executive Director of the Mark Wainwright Analytical Centre at the
University of New South Wales in Sydney, Australia. This centre has a staff of 90 people, and provides
access to cutting-edge analytical facilities to a wide range of researchers in physics, chemistry, biology
and medicine. He previously ran the open-access National EPSRC XPS Users Service (NEXUS) in the
UK, after working on the metrology and standardisation of surface analytical methods (e.g. XPS) at the
UK National Physical Laboratory (NPL). He holds BA and PhD degrees in physics from the University of
Cambridge, UK, and was recently awarded the Riviere prize by the UK Surface Analysis Forum for sig-
nificant long-term contributions to surface analytical science.
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Emerging understanding of anthropogenic and natural
nanoparticle impacts on Earth systems
- a new paradigm for earth science -

“%3 M. Murayama, > MLF. Hochella, Jr., ’ T.R. Pruitt

' Professor, Department of Materials Science and Engineering, Virginia Tech, Blacksburg, VA 24061, USA
2 Energy and Environmental Directorate, Pacific Northwest National Laboratory, Richland, WA 99354, USA
* NanoEarth*, Blacksburg, VA 24061, USA

Abstract
This presentation will introduce the NSF-Virginia Tech National Center for Earth and Environmental
Nanotechnology Infrastructure (NanoEarth) and its long-term academic goals.

L. INTRODUCTION

NanoEarth is supported by the U.S. National
Science Foundation (ECCS 1542100). The
center, funded as a member of the National
Nanotechnology Coordinated Infrastructure
(NNCI) network in September 2015, is designed
to provide a network node that supports external
researchers who work with nanoscience- and :
nanotechnology-related aspects of the Earth CONTINENTS ©
and environmental sciences/engineering at 107¢]
local, regional, and global scales, including
the land, atmospheric, water, and biological
components of these fields. This includes
enhancing our ability to apply nanotechnology = 109 .
to solve challenges in the Earth sciences and ers are TS
far-reaching and critical environmental issues, Figure 1. The global budget for néiturally 6occurring inor-
including climate change science and engineering. ganic nanoparticles. (1 Tg = 10" g = 10" metric tons.)
NanoEarth is a new concept within the former
National Nanotechnology Infrastructure Network (NNIN) and current NNCI Network as a dedicated site
in areas related to “Earth and environmental sciences/engineering” that have heretofore been only minor
players in this particular NSF-driven nanoscience and technology infrastructure model.

The plobal budget for naturdl Sfeuffing inorganic nanoparticles

II. LONG-TERM ACADEMIC GOALS

One of our academic goals is to understand the interaction between natural, incidental, and manmade
nanomaterials and their impact on Earth systems. Despite nanomaterials’ ubiquity, only in the last 20
years or so have their impacts on Earth systems been studied intensively, this mostly due to a much better
understanding of the unique behavior of materials at the nanoscale, and multiple advances in analytic
techniques. It is clear that NPs are embedded and intertwined with all atmospheric, hydrospheric, and
solid Earth processes, that NPs are relevant from molecular to planetary dimensions, and that they operate
from the shortest to the longest Earth time-scales (Fig. 1). This also leads some fundamental questions to
the classical earth sciences, for example, adherence to the classic definition of a mineral has undoubtedly
left large numbers of natural non-crystalline (amorphous) and poorly crystalline materials on the
periphery, or worse, understudied and even unnoticed. Environmental mineralogy and nanomineralogy
recognize that such materials are of exceptional importance in near-surface aqueous, soil, and atmospheric
environments. These are some of the most important factors in environmental science as a whole.

Reference
[1] M.F. Hochella et al, “Natural, Incidental, and Engineered Nanomaterial Impact on the Earth System” Science, in press.
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“Toward further development of nanotechnology platform”
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“Improvement of chemical fixation effect by oxygen nanobubble
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“More chance with Nanotechnology Platform: Next Generation
MEMS R&D model”
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Yoshio Mita (The University of Tokyo)
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“Biopharmaceutical Application of Nanotechnology
-Development of Transdermal Vaccine-”
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ABSTRACT

Ralstonia solanacearum causes wilting symptoms in various kinds of economically important
agricultural crops, which leads to a significant reduction in harvesting rate. It is an urgent matter to
develop an effective control method against R. solanacearum. It is necessary to understand the tomato
roots infection strategy of R. solanacearum by cytologically analyzing the infection site specific
morphological differentiation of R. solanacearum and the change of cell structure of R. solanacearum and
tomato roots. However, the sample prepared by using the conventional chemical immobilization method
has insufficient protein fixation by glutaraldehyde and therefore has low cell structure preservation.
Consequently, it is difficult to judge the change for each infection stage. We focused on the reaction
mechanism of glutaraldehyde and amino group of protein, which requires a large amount of oxygen,
and investigated whether protein fixation is improved by adding oxygen to the sample. We used oxygen
nanobubble water, which is thought to have good permeability into the inside of the cell. As a result, it
was revealed that the dissolved oxygen absorption rate in the case of immersing the sample in the oxygen
nanobubble water is significantly higher than that in the case of distilled water. Furthermore, in order to
investigate the protein fixation effect of these samples, sections cut out from the resin block produced by
the chemical fixation method were analyzed histologically by optical microscope and cytologically by
transmission electron microscope. As a result, improvement of protein fixation effect was found in the
sample immersed in oxygen nanobubble water. The results of this experiment led to the development of a
method for preparing biological samples that is good at preserving proteins by using oxygen nanobubbles.
These established methods can be expected to be very useful for cytologically analyzing the interaction
between tomato roots and R. solanacearum.

INTRODUCTION

Ralstonia solanacearum is a multipotent soil pathogenic bacterium which infected from roots of more
than 200 kinds of crops such as tomato and other solanaceous crops and cucumber, ginger, perilla, banana
etc. and caused wilting symptoms. R. Solanacearum which reached the roots of the tomato first adheres to
the surface of the roots and penetrates into the intercellular space from the roots opening or wound. Then,
after forming the biofilm at the intercellular spaces, it takes an infection mode of invading the conduit by
secreting plant cell wall degrading enzyme [1] [2]. Despite the fact that these processes are very important
for pathogenicity, details on behavior of R. solanacearum at the intercellular space and interaction with
roots have not yet been elucidated. The reason for this is stagnation of fine structure analysis by electron
microscopy. In the case of prepareing roots with relatively many opening sits and the cell structures of R.
solanacearum (1-5 pm) is prepared by conventional chemical fixation method, damage of the cell structures
is large because of insufficiency of protein fixation. Improvement of protein fixation is necessary to
identify the change of cell structure and localization of R. solanacearum in invasion process, and change
of root cell structure. Glutaraldehyde used as a protein fixative produces dihydropyridines in the presence
of amino groups of proteins. The oxidation reaction of this dihydropyridine forms a pyridinium salt which
is thought to be important for glutaraldehyde-protein crosslinking structure [3] [4] [5], and this oxidation
reaction requires a large amount of oxygen [5] [6] [7].

It is meaningful to evaluate cytologically the glutaraldehyde fixing effect to cells of R. solanacearum
and tomato roots which added with oxygen in advance.



MATERIALS AND METHODS
I. Quantitative analysis on oxygen absorption of tomato roots

Tomato roots cultured for 2 weeks were immersed in distilled water and oxygen nanobubble solution
for 30 minutes, and the amount of dissolved oxygen was measured by a dissolved oxygen measuring
instrument.

I1. Histological and cytological evaluation of protein fixation effect by oxygen nanobubbles

Samples immersed in distilled water and oxygen nanobubbles were fixed with glutaraldehyde and
subjected to histological evaluation using an optical microscope by toluidine blue staining, and cytological
evaluation using an electron microscope by double staining with uranium acetate and lead citrate.

RESULTS AND DISCUSSION

As a result of comparing the dissolved oxygen absorption rate of the sample immersed in distilled
water and oxygen nanobubble water, the dissolved oxygen amount of oxygen nanobubble water
remarkably decreased. This result suggested that tomato roots efficiently absorbed oxygen nanobubbles
inside the cells.Furthermore, as a result of analyzing the fixing effect of the protein histologically
and cytologically, the dyeability of organelles and cytoplasm of the sample immersed in the oxygen
nanobubble water was improved (Fig.). These results revealed that oxygen nanobubbles penetrate deep
into the cell and have the effect of drastically promoting the reaction of glutaraldehyde and amino group.

FIGURES

TEM images of R. solanacearum which incubated in distilled water (left) and in ozygen nanobubble water
(right). Bars=500nm.
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Abstract

Rapid deployment of electro information device is one of the keys for realizing super smart society. In
such society, humans will be supported by a number of network sensors and actuators. Nanotechnology must
play a major role to add unique feature to electro information devices. The author’s quarter-century experience
concludes such rapid R&D scheme becomes possible by forming a team of application, device, and process/
material engineers and making them play on the platform. The author call such new style an “agile-style” R&D
scheme. In the presentation, some device examples on CMOS-MEMS integrated devices will be presented.

L. INTRODUCTION

Sensing and Actuation are the key elements for smart society. Sensors collect phenomena in the universe and
convert into electrical information. The information is then processed by either or both of integrated or inter-
networked computers, then fed back to the universe (actuation). Providing unique applications accompanied with
efficient devices as quickly as possible is important to win in such competitive world of development. To do that,
shortening the path from research to deployment is mandatory. In the software research and development, such
acceleration became the issue two decades earlier. One of the “new” software research and development scheme
as an alternative of traditional scheme (waterfall model [1]) is “agile development [2]”. The author is giving a
flipped-class-style lecture of electro information device in his university [3] based on such R&D principle. The
author has been trying to extend the “agile-style” to R&D of input / output devices [4].

II. “AGILE-STYLE” RESEARCH ON NANOTECHNOLOGY PLATFORM

The principle of “agile-style” can be identified as quick development with close collaboration of engineers in
three layers: application, information processing, and device / process (Fig.1) [4,5].

Traditional development model of MEMS was also waterfall model; big device company developed internally
and software engineers could only access through a market. Instead, the author propose that engineers form a
team from the beginning and try to deploy as soon as the first version of device is released. The device may not
satisfy all the expected demands; the “users” of the different level in the same team may adapt themselves so as
to provide system-level usefulness. It is therefore possible to produce first engineering model while device layer
continue development for the next release.

Level3

Application Layer Application Engineer

Social Depolyment

Level2 el =10 Algorithm Engineer *Control Theory
Information Processing -:_—:%_-\ .Jﬂ System Design and «Informatics
and Control Layer T Implimentation *Design Methodology
= 11
aay =1 .n
- i
Levell
Device and Process . . .'I#_EH . . 2
Layer Circuit Engineer Device Engineer Process Engineer
Control/Sensing Circuit MEMS Design MEMS Fabrication

Figure 1. Close collaboration of engineers in three-layers accelerates R&D for smart society.
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III. “AGILE-STYLE” RESEARCH OF CMOS-MEMS WITH UTOKYO VDEC

Such “agile-style” R&D requires an established platform to test their new idea. Nanotechnology Platform as
well as VLSI Design and Education Center of the University of Tokyo is offering such platform to companies
and researchers. The author have established an integrated VLSI-MEMS fabrication scheme through such
platform (Fig.2) [5]. Using that platform, the team can quickly test his/her idea in a very inexpensive way. Trial
is one of the best way for engineer to learn by him/herself what he/she have omitted. In the presentation, the
author try his best to share his experience accompanied with example devices such as on-chip power source and
integrated chemical sensor.

Unique laboratory who have real access to
VLS| w/MEMS process in Class 1 supercleanroom

Researcher A

s,

Researcher B

d Design

Il :\\
Japanese LSI Industry /

Reliable
VLS| Wafer

T
Integrated Device with
Unique Functionality

Figure 2. CMOS Post-Process Research and Development Scheme at UTokyo VDEC
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Biopharmaceutical Application of Nanotechnology
-Development of Transdermal Vaccine-
(S FBEEF~NOF )77 70V -0l -85 7 7 F VBT -)

2M. Goto

' Department of Applied Chemistry, Graduate School of Engineering, Kyushu University
744, Motooka, Nishi-ku, Fukuoka 819-0395, Japan

*Center for Advanced Transdermal Drug Delivery Systems,
744, Motooka, Nishi-ku, Fukuoka 819-0395, Japan

Abstract

In the last two decades, different drug delivery methods have emerged with various targeted delivery
routes; for instance, transdermal, topical, oral, injection and nasal. Among the different routes, a
transdermal drug delivery (TDD) method is considered as a safe and a non-invasive technique for drug
administration. TDD has attracted attention for several advantages over conventional oral or injection
route, such as bypassing first-pass effect, safe and painless route, etc., whereas the barrier function of the
skin inhibits the drug delivery through the skin. My talk focuses on the TDD system that utilizes nanodrug
carriers. Transcutaneous immunization using the skin’s immune system is increasingly attracting attention.
In contrast to conventional immunization by injection, transcutaneous immunization requires only topical
application of antigens to the skin and is a simple, non-invasive method that does not require medical
personnel. However, the major problem is that the stratum corneum (SC) serves as a hydrophobic barrier
at the skin surface.

To overcome the SC barrier and induce immunity, various
antigen formulations have been developed. Our approach is
to coat the antigens with hydrophobic surfactant molecules
using water-in-oil emulsification, followed by freeze-drying
to produce oil-dispersible antigen—surfactant complexes.
Because hydrophobic materials are more permeable
through the hydrophobic SC than hydrophilic materials,
oil dispersions of the complexes, namely solid-in-oil (S/O)
nanodispersions, can improve the delivery of antigens into
the skin. Using this S/O technique, we demonstrated antigen-
specific antibody production by transcutaneous immunization,
without physical enhancement or pre-treatment of skin.

In this lecture, we applied this nanodispersion technique to the induction of cancer immunity. Cancer
immunotherapy by activation of immune system against cancer has recently received attention for its
feasibility in the treatment of malignancies with little toxicity. The key step for inducing the cancer
immunity is the delivery of cancer-specific antigens to dendritic cells (DCs), followed by the antigen-
presenting by the DCs. Our investigation revealed the ability of this approach to induce antigen-specific
cellular immune responses against cancer by evaluating the growth of OVA-bearing tumors and the
production of cytokines from splenocytes. Inhibition of tumor growth was achieved, demonstrating the
applicability of S/O nano carriers to the induction of cancer immunity. We will show you an example to
create a novel vaccine by utiliziing nanotechnology.

Figure 1. Nano technology has a high potential for

pharmaceutical application’?.
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