
© Hitachi, Ltd. 2016. All rights reserved.

MicroEnergy2017 07/07/2017

Energy dissipation 

in single -electron devices

at high -frequencies

M. Fernando Gonzalez -Zalba

Hitachi Cambridge Laboratory, Cambridge, UK



© Hitachi, Ltd. 2014. All rights reserved.

1. Transistor downscaling

3. Dissipation in single-electron devices at high frequencies

Contents

1

2. Introduction to single-electron devices

4. Conclusions



© Hitachi, Ltd. 2014. All rights reserved. 22

The MOSFET: workhorse of the ME industry

Microprocessor

5.5 billion transistors

18-core Xeon Haswell -EP

Flash memory

256 billion transistors

weighting 0.5 g
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Downscaling drives the semiconductor industry

Å The failure of the International Technology Roadmap for Semiconductors after 
нлмо ǇǊƻǾƛŘŜǎ ŜǾƛŘŜƴŎŜ ƻŦ ǘƘŜ ŜƴŘ ƻŦ ǎŎŀƭƛƴƎ ŀƴŘ ŀƭǎƻ ƻŦ aƻƻǊŜΩǎ ƭŀǿ
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Is this really the end of more powerful computing?



© Hitachi, Ltd. 2014. All rights reserved. 5

New computing paradigms: Beyond CMOS

Quantum computing

Single Electron Devices

Spintronics Devices



Gate -based RF readout for QIP

Single Electronc Devices
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Single -electron devices

Coulomb Blockade
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Single -electron devices

Coulomb Blockade
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Energy of the system with N electron

Energy difference between N and N -1 electrons
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Single -electron devices
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© Hitachi, Ltd. 2014. All rights reserved. 1111

Single -electron devices
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Switching Characteristics - Subthreshold Slope

MOSFET
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Single -electron Transistor/

Quantum Dot Transistor
(also known as Single -atom transistor )
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