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HOW THE PROJECT WAS DESIGNED 
AND ORGANIZED? 

Introduction 
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Background of the Project 
ÅSilicon crystals used for semiconductor integrated circuits 

represented by CMOS are regarded as the most basic 
ƳŀǘŜǊƛŀƭ ǎǳǇǇƻǊǘƛƴƎ ǘƻŘŀȅΩǎ ƭƛǾƛƴƎΦ  
ÅSemiconductor manufacturing technologies are indivisibly 

related to nanotechnology, since they become more and 
more sophisticated as exemplified by the fact that the 
manufacturing accuracy of the CMOS micro-processing 
plunges into the nanometer range.  
ÅConsequently the limit of 22 nm half pitch is approaching, 

which in turn requires device development based on new 
concepts and/or new principles beyond conventional 
silicon CMOS technologies.  
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Three ways to overcome the limit 

ÅITRS (International Technology Roadmap for 
Semiconductors) published a roadmap to 
overcome the limit (2005)  
ïMore Moore: extension of the limit by invention 

of novel technologies 
ïMore than Moore: addition of higher 

functionalities by integration of different 
technologies 
ïBeyond CMOS: development of devices based 

on new concept 
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ITRS   International Technology Roadmap for Semiconductors 2005 

ITRS roadmap 2005 
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Demand for more integration : Mooreôs Law 
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 Intel CPU plots, except Iyv Bridge, are shown in http://www.intel.com/jp/technology/mooreslaw/index.htm?iid=jpIntel_tl+moores _law 
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Demand for more miniaturization  
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ERM (Emerging research 
materials) 

ÅITRS assigned the following materials as ERM. 
Å Low Dimensional Materials(Nano-mechanical memory, Nanotube, 

Nanowire, Graphene  

Å Macromolecules(Molecular memory,  Molecular devices, Resists, Imprint 

polymers  

Å Self-Assembled Materials(Sub-lithographic patterns, selective etch  

Å Spin Materials (MRAM by spin injection, Semiconductor spin transport, FM 

semiconductors  (Spin-injection MRAM is already out of ERM in 2012)  

Å Multiferroics (Complex Metal Oxides) 

Å Interfaces and Heterointerfaces (Electrical and spin contacts) 
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How the Project was designed   

ÅAccording to the ITRS roadmap Japanese 
government determined Nanoelectronics Projects  

Å  project (from 2006 FY)  

Å METI  Nanoelectronics project 
Non- Si channel, Nanowire, XMOS  (from 2007FY) 

Å MEXTĄStrategic Sectors for beyond CMOS (2007FY)  

ï JST Sato- PRESTO project 

ï JST Watanabe- CREST project 

Å Cabinet selected 30 Researchers for Cutting Edge Research Support 
Program(FIRST)(Yokoyama, Ohno, Arakawa, Esashi, Kawai, )(2009FY)  

Å Tsukuba Innovation Arena (TIA)[Japanese version of IMEC](METI, MEXT, 
AIST, NIMS, Tsukuba Univ.) 

Å   
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Strategic Sector (Target of Research)  
from MEXT for Next-Generation Devices 

ÅάwŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŀǘŜǊƛŀƭǎ ŀƴŘ 
nano-processes to realize devices with novel 
ŎƻƴŎŜǇǘΣ ƴƻǾŜƭ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ƴƻǾŜƭ ǎǘǊǳŎǘǳǊŜέ 

ÅIt lists following fields as important targets 
1. Development of non silicon materials for beyond-CMOS 

2. Pioneering materials for novel concept-devices by using 
combined functionalities of photon, electron and spin 

3. Development of novel devices based on nano-scale fabrication 

4. Development of thin flexible resilient materials 
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METI  Nanoelectronics project 
(Non- Si channel, Nanowire, XMOS) 
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 Japanôs National Projects for Next 

Generation Nanoelectronics Devices 
2006    2007     2008      2009     2010      2011     2012     2013      2014     2015 

 

Cabinetôs Cutting Edge Research Support Program 
(FIRST)   30 Researchers 

(Yokoyama, Ohno, Arakawa, Esashi, Kawai, )  

METI, MEXT, AIST, NIMS, Tsukuba Univ. 

Tsukuba Innovation Arena  (TIA) 

FY 

JST Watanabe- CREST project (2007start)  

JST Watanabe- CREST project (2008start)  

JST Watanabe- CREST project (2009start)  

JST 

CREST 

JST 

PRESTO 

JST Sato- PRESTO project 

JST Sato- PRESTO project 

JST Sato- PRESTO project 

Personal Type 

Team Type 

METI 

MEXT/JST 



Sato-PRESTO Project 

ÅThe PRESTO* ǇǊƻƧŜŎǘ άMaterials and Processes for 
Next Generation Innovative Devicesέ  
started in 2007 FY 
ÅThe scope of this project involves 
ÅSpintronics devices and materials 

ÅSemiconductor nano-electronics 

ÅWide-gap semiconductors 

ÅMolecular and organic electronics 

 
* Precursory Research for Embryonic Science and Technology (Sakigake) 
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Organization 

Suprevisor 

Advisors 

33 Researchers 

stage (1): 11, stage (2): 10, stage (3): 12 

JST Staffs 

Office 

  Research Manager 

Administrative Manager 
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Duration and Budgets 

ÅDuration: 3.5 years 

ÅBudget: 40MYen (~400KEuros) per person 

ÅMembers: 33 (Total 1.4BYen~14MEuro) 

ÅAverage age at adoption: 34.5 years old 

ÅAffiliation: Universities: 25, Government Agencies: 8 

For Comparison: Case of Watanabe-CREST 
 Duration Max 5.5 years 
Budget  150-500 M Yen (1.5-5 M Euro) per team 
Teams:  18    
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Research Themes 

1st stage   themes 

Researchers Research Themes 

S. Kasai 
Research on stochastic resonance nanodevices and their integration for novel noise-robust 
information processing systems 

E. Saitoh Spintronics based on spin currents and spin-photon coupling in dielectrics 

S. Shiraishi Spin current control in molecules 

Y. Takahashi Development of half-metal at RT for spintronics devices 

T. Taniyama Control of spin polarization and its application to tunable spin sources 

A. Tsukamoto Ultrafast manipulation and measurement of spin dynamics by femtosecond laser pulse 

N. Fukata 
Development of semiconductor nanowires for the realization of vertical three-dimensional 
semiconductor devices 

S. Murakami Unified theory of spin and heat currents and its applications 

T. Yasuda 
High-performance organic field-effect transistors using intrachain carrier transport along 
uniaxially aligned p-conjugated polymers 

A. Yamaguchi 
Study in novel electromagnetic properties of modulated and/or periodic magnetic strucure 
composed of nanoscale magnets 

K. Wakabayashi 
Design and physical properties forecast of nano-carbon electronic devices based on 
computational methods 

spintronics wide-gap semiconductor molecules/organics others 



Research Themes 

(2nd stage) 10 themes 

Researchers Research Themes 

R. Katayama Novel optical function using photonic nano-structure of polar wide-gap semiconductors 

I. Kawayama 
Creation of an optically-generated-flux-quantum nano-device with superconducting 

nanobridges 

Y. Kangawa 
Fabrication of III-nitride substrate for optoelectronic integrated circuit and control of its 
heat transfer 

W. Kobayashi Development of materials for thermoelectronics 

T. Susaki New functionalities at the interfaces of wide-gap oxides 

M. Takenaka Ge Nano Electro-Optic LSI for intrachip optical interconnects 

T. Nakaoka Charge/spin/photon hybrid single-electron device based on quantum dot 

K. Hamaya Development of single-electron spin transistors with silicon-based nanostructures  

T. Fukumura Wide-gap ferromagnetic semiconductor devices 

N. Mizuochi 
Quantum information devices by single paramagnetic color center in wide-bandgap 
semiconductor 

spintronics wide-gap semiconductor molecules/organics others 



Research Themes 

(3rd stage) 12 themes 

Researchers Research Themes 

H. Kaiju 
Creation of novel high-performance non-volatile memory using spin quantum cross 
devices 

H. Kumigashira 
Development of memory with low environmental stress using nano-capasitor 
structure 

Y. Takahashi Silicon Raman laser using photonic crystal nanocavity 

K. Tomioka 
Control of Si/III-V super-heterointerface and development of nanowire-based 
tunneling FETs 

K. Nakano 
Development of high-performance organic field-effect transistors through the control 
of molecular arrangement 

H. Nakano Spin manipulation in dielectric-channel transistors 
J. Nishinaga New devices using fullerene / III-V compound semiconductor heterostructures 

H. Noguchi 
Development of organic single-electron transistors controlled by photo-induced gate 
signal 

S. Noda Facile implementation of nanocarbons with selectable higher-order structures 

M. Higashiwaki 
Interface control and device application of III-oxide/nitride semiconductor composite 
structures 

T. Machida Physics and application of quantum dot devices based on graphene 

H. Yamamoto Development of novel organic devices based on electronic correlation 

spintronics wide-gap semiconductor molecules/organics others 
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ACHIEVEMENTS 

Spintronics devices and materials 

Semiconductor nanoelectronics 

Wide-gap semiconductors 

Molecular and organic electronics 
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