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NanoelectronicsNanoelectronics

World’s Smallest MOS Transistors
Nanofabrication
NanoBridge
Carbon Nanotube Applications
Quantum Bit Devices



World’s Smallest Si MOS TransistorWorld’s Smallest Si MOS Transistor H.Kawaura, 
T.Sakamoto,

et.al.
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NanofabricationNanofabrication

“10nm-EB lithography with Calix Arene resist”

SEM image of 
Calix Arene resist pattern 

Molecular Structure for
Calix Arene

Commercially available from Tokuyama Corp. 

Nanofab. Group (Ochiai et.al.)



CMOS devices show proper transistor operation by careful design 
and fabrication even when the gate length is reduced to 5nm. 
However, we encounter many problems.  In particular,

Difficulties to suppress the fluctuation of device parameters
gate length, impurity profile (number of impurities) and others

Difficulties of high-through-put production for small structures
with nm-scale or even atomic-scale accuracy
Difficultiers of the transistor design due to appearance of 
quantum effect

To utilize self-assembled nanostructures,
CNTs, metallic nano-pipe structures (NanoBridge),
molecular devices and so on.

To utilize quantum effects as an operation principle,
Quantum computing devices (Q-bits)
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Atom (ion) transfer through solid electrolyte
Electrochemical reaction on both electrodes

Principle of NanoBridge
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T.Sakamoto et al. (APL, 2003)
with NIMS Dr.Aono’s Group



Programmable CBIC
Conventional FPGA switch

(SRAM & pass Tr.)
Huge (120F2)
Resistive (2kΩ)
In logic plane

NanoBridge
Tiny (4F2)
Low resistive (50Ω)
On logic plane

Improvement of
signal delay by

20～40%

FPGA Programmable
CBIC

Replacement
with NanoBridge

~1/2 ~1/2

Logic cell

Xbar switches

Small scale
circuit cell

Circuit area
reduction to

½～¼

T.Sakamoto et al. (ISSCC2004)
with NIMS Dr.Aono’s Group



4x4 Xbar switches

(X0, X1, X2, X3) = (0, 0, 1, 0)
(Y0, Y1, Y2, Y3) = (–, 0, –, –)
(C0, C1, C2, C3) = (0, 1, 0, 0)
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OFF OFF OFFON

Xbar circuit on 
CMOS substrate
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Extra Tr. is used for cell selection 
because of broad distribution of 

switching voltage
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ON/OFF state
at each Xpoint
is selectable. 2020µµmm2020µµmm

NanoBridge

SiO2Cu

Cu2SInsulator
Au/Pt/Ti



Programming operation
of 4X4 Xbar switches
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Y1
Y2
Y3

Y0

Y1
Y2

Y3

Y0

Output #1 Output #2

Pattern #1 Pattern #2
X0 X1 X2 X3

Y1
Y2
Y3

Y0

Input (1.8V)

X0

X1

X2
X3

10μsec



Application of programmable CBIC
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NEC

NEC

Any time
Any where
Anything Ubiquitous Society

Realization of electronic products with low cost 
and high performance to fulfill the market needs
Add-on new function later

Realization of 
many functions 
on a single chip
by connection

reconfiguration 

GPS
mp3

Digital TV

movie

Pattern
Recognition



Applications of Carbon Nanotubes
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Single-walled Carbon 
Nanotubes

1.3 nm

Single-walled Carbon 
Nanotubes

1.3 nm

Single-walled Carbon Nanohorn AggregateSingle-walled Carbon Nanohorn Aggregate

Iijima, S. et al. 
Chem. Phys. Lett.
309, 165 (1999). 

Iijima, S. 
Nature (1993)



Carbon Nanotube Transistor Structure Model, Scanning Probe 
Micrograph Image, Transistor Characteristics
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“Excelling present Si
transistors in performance”

F.Nihey et al.



Fabrication of Single Wall 
Carbon Nanohorn

Laser Ablation   (Iijima Group, JST)

ナノホーン：
純度 90％以上

(700 Torr)

CO 2

3~5 kW, φ3mm
500ms, 10 Hz

R.T.
Nanohorn

Ar Gas
(700 Torr)

CO 2 Laser

3~5 kW, φ3mm
500ms, 10 Hz

Carbon

Iijima, Yudasaka,
et.al.



Principle Diagram of Portable Fuel Cell

Carbon 
Nanohorns

Platinum Catalyst
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Principle Diagram of Portable Fuel Cell
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Carbon Nanotube Fuel CellsCarbon Nanotube Fuel Cells CNT Technologies Group
(Y.Kubo et.al.)



TEM images of Nanohorn with Pt catalyst  

Carbon nanohorn
Conventional carbon material

(acetylene black)

※ Black particles : Pt catalyst

・ Finer Pt catalyst is dispersed homogeneously on the surface of carbon nanohorns
・ Finer particles have better catalyst capability



Average Power  14W
Maximum Power  24W

Note PC with DM-Fuel Cell insideNote PC with DM-Fuel Cell inside

Demonstration of the operation 
in 2003 World-PC in September, 2003.

CNT Technologies Gr.
(Y.Kubo et.al.)



Superconducting quantum bit 

Ground Electrode Cooper-Pair Box

++++

- - - -

Tunnel Junction

Cooper-Pairs

Gate Electrode

1 extra cooper1 extra cooper--pair in a boxpair in a box

No extra cooperNo extra cooper--pair in a boxpair in a box

Mixed state of no extra and single extra cooperMixed state of no extra and single extra cooper--pair in a boxpair in a box

Quantum-Bit Device for Quantum ComputerQuantum-Bit Device for Quantum Computer

Quantum coherence control
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Logic operation truth table
for C-NOT gate

Input Output

Tsai, Nakamura, Yamamoto, Pashkin*, Astafiev* (* RIKEN)

Possible highPossible high--speed computing speed computing 
Factoring,  
Date search, 
Quantum-simulation, 
NP problems 

Nature, 30 Oct., 2003



1 µm

Target bit

Inverting of target bit 
only when control bit is “0”SEM of C-NOT Gate 

Scematics of the device

Connecting 
capacitor

When control bit is “0”,

Taget bit is not inverted

Taget bit is inverted

“0”

Cooper pair tunnelingCooper pair tunneling

“１”

When control bit is “1”,

Probe 2 Probe 1

Operation Principle of C-NOT Quantum BitsOperation Principle of C-NOT Quantum Bits
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Experimental results of C-NOT gate operationExperimental results of C-NOT gate operation
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Nanobio Technology
& Nanophotonics

Nanobio Technology
& Nanophotonics

DNA and Protein Separation by Nano-Pillar Gel
Surface Plasmon Technology



High-resolution separation of DNAs and proteins by using artificial    
gel fabricated by nanotechnology         health care chip 

Nanobio TechnologyNanobio Technology

Features
High through-put, high resolution, and high reproducibility
Control of dynamic range and separation band by the design

natural gel (random) artificial gel (uniform)
with 200nm diameter

DNA (100- or more several ten nm), and protein (several ten nm)

Kawaura et.al.

DNA and Protein separation by using nano-pillar gel
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Fluorescence 
Microscope

1µm

DNA Flow Direction

DNA Size-Separation Chip with Artificial Nanostructure
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Nature, vol. 391, p. 641, 12 Feb. 1998

Surface Plasmon Technology

Ebbesen et.al.
(presently, Leus Pastuer University)



λ = 700 nm λ = 637 nm

d = 200 nm

P = 600 nm

t = 300 nm

Incident lightIncident light

FDTD simulation

Ohashi. et. al.Enhancement of photon 
tunneling

Enhancement of photon 
tunneling



DVD Red

<10 Gbits/inch2

Blue

<100 Gbits/inch2

Nano-light

1 Tbits/inch2

Laser Light

Bit Size

Small aperture

Concept of Nano-light RecordingConcept of Nano-light Recording

Diffraction 
limit

Plasmon 
enhancement



Near-Field Recording by  Plasmon HeadNear-Field Recording by  Plasmon Head

φ ~ 100 nm

Pits are recorded on a 
DVD medium (GeSbTe) 
by near-field light.HDD-Type Plasmon Head

Strong near-field light from a nano hole


