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This wide-ranging summary of bioelectronics provides the state-of-the-art in electronics integrated and interfaced with
biological systems in one single book. It is a perfect reference for those involved in developing future distributed diagnostic
devices, from smart bio-phones that will monitor our health status to new electronic devices serving our bodies and
embedded in our clothes or under our skin.

All chapters are written by pioneers and authorities in the key branches of bioelectronics and provide examples of real-
world applications and step-by-step design details. Through expert guidance, you will learn how to design complex circuits
whilst cutting design time and cost, and avoiding mistakes, misunderstandings, and pitfalls. An exhaustive set of recently
developed devices is also covered, providing the implementation details and inspiration for innovative new solutions and
devices. This all-inclusive reference is ideal for researchers in electronics, bio/nanotechnology, and applied physics, as well
as circuit and system-level designers in industry.

Sandro Carrara is a Faculty member (MER) at EPFL in Lausanne, Switzerland. He is former Professor of Optical and
Microelectronics Biosensors in the Department of Electrical Engineering and Biophysics at the University of Genoa, Italy.
He is Founder and Editor-in-Chief of the journal BioNanoScience, Topical Editor of the IEEE Sensors Journal, and Associate
Editor of IEEE Transactions on Biomedical Circuits and Systems.

Krzysztof Iniewski is R&D Manager at Redlen Technologies, Inc., a start-up company in Vancouver, Canada. He is also an
Executive Director of CMOS Emerging Technologies, Inc. In his career, he has held numerous faculty and management
positions at the University of Toronto, the University of Alberta, Simon Fraser University, and PMC-Sierra, Inc.
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“This book, edited by outstanding scientists, will be a great addition to any library, as it provides a valuable source of
information regarding bioelectronics-related topics. The topics provided are relevant and timely, and of broad interest for
students as well as seasoned scientists.”

Ali Khademhosseini, Harvard Medical School

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems
Sandro Carrara and Krzysztof Iniewski

Frontmatter

More information

Handbook of Bioelectronics

Directly Interfacing Electronics and Biological Systems

Sandro Carrara

EPFL, Lausanne, Switzerland

Krzysztof Iniewski
CMOS Emerging Technologies Research, Inc.

2 CAMBRIDGE

S
[ T
%.fJ UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems
Sandro Carrara and Krzysztof Iniewski

Frontmatter

More information

CAMBRIDGE

UNIVERSITY PRESS
University Printing House, Cambridge CB2 8BS, United Kingdom

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107040830

© Cambridge University Press 2015

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2015
Printed in the United Kingdom by T] International Ltd. Padstow Cornwall
A catalog record for this publication is available from the British Library

Library of Congress Cataloging in Publication data
Handbook of bioelectronics / (edited by) Sandro Carrara, Krzysztof Iniewski.
p. ; cm.
Bioelectronics
Includes bibliographical references.
ISBN 978-1-107-04083-0 (hardback)
I. Carrara, Sandro, editor. II. Iniewski, Krzysztof, 1960- , editor.
III. Title: Bioelectronics.

[DNLM: 1. Electronics, Medical - methods. 2. Biomedical Technology.
3. Bionics - methods. 4. Biosensing Techniques. 5. Electrical Equipment and
Supplies. 6. Nanotechnology. QT 36.2]

R856
610.28-dc23
2014025971

ISBN 978-1-107-04083-0 Hardback

Cambridge University Press has no responsibility for the persistence or accuracy of
URLs for external or third-party internet websites referred to in this publication,
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems
Sandro Carrara and Krzysztof Iniewski

Frontmatter

More information

Contents

List of contributors

1.

What is bioelectronics?
Sandro Carrara

PARTI ELECTRONIC COMPONENTS

2.

5.

Molecular components for electronics
Sandro Carrara

Nanogaps and biomolecules

Paolo Motto, Ismael Rattalino, Alessandro Sanginario, Valentina Cauda, Gianluca

Piccinini and Danilo Demarchi

Organic thin-film transistors for biological applications
Katharina Melzer and Giuseppe Scarpa

Protein-based transistors
Andrea Alessandrini and Paolo Facci

Single-molecule bioelectronics
Yongki Choi, Gregory A. Weiss and Philip G. Collins

Nanoscale biomemory device composed of recombinant
protein variants
Ajay Kumar Yagati, Junhong Min and Jeong Woo Choi

PART II BIOSENSORS

8.

10.

11.

Introduction to biosensors
Krzysztof Iniewski

CNT and proteins for bioelectronics in personalized medicine
Andrea Cavallini, Cristina Boero, Giovanni De Micheli and Sandro Carrara

CMOS nanowire biosensing systems

Monika Weber, Jason M. Criscione, Xuexin Duan, Tarek M. Fahmy, Jason Park,
Nitin K. Rajan, David A. Routenberg, Erin Steenblock, Eric Stern, Aleksandar
Vacic and Mark A. Reed

Cell-array biosensors
Michele Sessolo, Marc Ramuz, George G. Malliaras and Rdisin M. Owens

page ix

11

34

49

66

86

103

105

109

122

137

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems

Sandro Carrara and Krzysztof Iniewski

Frontmatter
More information

vi Contents

12. System-on-a-chip pulse radar for contactless motion sensing in
human-machine smart interfaces 155
Domenico Zito and Domenico Pepe

13. MagCMOS 170
Tiago Costa, Filipe A. Cardoso, Moisés S. Piedade and Paulo P. Freitas

14. Metamorphic neural interfaces with insects for remote controlled biobots 183
Alper Bozkurt

PART III FUEL CELLS 195

15. Biofuel cells 197
Sandro Carrara

16. Advances and applications in biofuel cells 202
Frank Davis and Séamus P. ]. Higson

17. Switchable electrodes and biofuel cells logically controlled by chemical
and biochemical signals 215
Evgeny Kaiz

PART IV BIOMIMETIC SYSTEMS 239

18. Biomimetic systems 241
Sandro Carrara

19. Epidermal electronics - flexible electronics for biomedical applications 245
Ravinder S. Dahiya

20. Bioelectronics brain using memristive polymer statistical systems 256
Victor Erokhin

21. Electronic modeling of synthetic genetic networks 266
Alexandre Wagemakers, Alvar Daza and Miguel A. F. Sanjudn

PART V BIONICS 275

22. Introduction to bionics 277
Krzysztof Iniewski

23. Bioelectronic interfaces for artificially driven human movements 281
Kevin A. Mazurek and Ralph Etienne-Cummings

24. The Bionic Eye: a review of multielectrode arrays 294
Kate Fox, Owen Burns, David J. Garrett, Mohit N. Shivdasani and Hamish Meffin

25. CMOS technologies for retinal prosthesis 313

Jun Ohta, Takashi Tokuda and Takashi Fujikado

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems
Sandro Carrara and Krzysztof Iniewski

Frontmatter
More information

Contents vii

26. Photovoltaic retinal prosthesis for restoring sight to the blind 325
Daniel Palanker, Yossi Mandel, Keith Mathieson, James Loudin, Georges Goetz,
Philip Huie, Lele Wang, Theodore 1. Kamins, Richard Smith,
James S. Harris and Alexander Sher

PART VI BRAIN INTERFACES 339

27. Introduction to brain-machine interfaces 341
Krzysztof Iniewski

28. ECG technology for the brain-machine interface 344
Ajay Bharadwaj

29. Reducing the implant footprint: low-area neural recording 352
Rikky Muller, Simone Gambini and Jan M. Rabaey

30. Electrical stimulation 365
Sudip Nag, Dinesh Sharma and Nitish V. Thakor

31. Biological channel modeling and implantable UWB antenna design
for neural recording systems 379
Hadi Bahrami, Leslie A. Rusch and Benoit Gosselin

32. Intracranial epilepsy monitoring using wireless neural recording systems 389
Giirkan Yilmaz and Catherine Dehollain

33. Low-power building blocks for neural recording systems 400
Mohamed Elzeftawi and Luke Theogarajan

34. CMOS circuits for intracellular brain-machine interfaces 414
Amine Miled and Mohamad Sawan

PART VII LAB-ON-A-CHIP 423

35. Lab-on-a-chip 425
Sandro Carrara

36. CMOS spectrally multiplexed FRET contact imaging microsystem
for DNA analysis 430
Derek Ho, M. Omair Noor, Ulrich J. Krull, Glenn Gulak and Roman Genov

37. CMOS electrochemical biosensors: instrumentation and integration 448
Xiaowen Liu, Lin Li and Andrew ]. Mason

38. Adaptive and reconfiguration-based error recovery in cyberphysical biochips 469
Krishnendu Chakrabarty, Yan Luo and Kai Hu

39. CMOS-based biomolecular sensor system-on-chip 489
Pei-Wen Yen and Chih-Ting Lin

PART VIII FUTURE PERSPECTIVES 507

40. Future perspectives in bioelectronics 509

Sandro Carrara

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems
Sandro Carrara and Krzysztof Iniewski

Frontmatter
More information
viii Contents
41. Real-time activity energy expenditure estimation for embedded
ambulatory systems using Sensium™ technologies 513
Su-Shin Ang, Ksawery Wieczorkowski-Rettinger and Miguel Hernandez-Silveira
42. Electronic systems for health management 543
Giovanni De Micheli
43. Linking the cyber and biological worlds: the Ensemble is the Function 550
Daniela De Venuto and Alberto Sangiovanni-Vincentelli
44. Conclusion: Personal electronics and distributed theranostics 565
Sandro Carrara
Index 569

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems

Sandro Carrara and Krzysztof Iniewski
Frontmatter
More information

Contributors

ANDREA ALESSANDRINI

CNR Istituto Nanoscienze, S3, University of Modena, and
Dipartimento di Scienze Fisiche Informatiche e
Matematiche, Universita di Modena e Reggio Emilia,
Modena

SU-SHIN ANG
Sensium Healthcare

HADI BAHRAMI
Laval University

AJAY BHARADWA]J
Cypress Semiconductor

CRISTINA BOERO
Ecole Polytechnique Fédérale de Lausanne

ALPER BOZKURT
North Carolina State University

OWEN BURNS
The Bionics Institute, Australia

FILIPE A. CARDOSO
INESC Microsistemas e Nanotecnologias (INESC MN)

SANDRO CARRARA
Ecole Polytechnique Fédérale de Lausanne (EPFL)

VALENTINA CAUDA
Politecnico di Torino

ANDREA CAVALLINI
Ecole Polytechnique Fédérale de Lausanne

KRISHNENDU CHAKRABARTY
Duke University

YONGKI CHOI
University of California, Irvine

PHILIP G. COLLINS
University of California, Irvine

TIAGO COSTA
Columbia University

JASON M. CRISCIONE
Yale University

RAVINDER DAHIYA
University of Glasgow

FRANK DAVIS
Cranfield University

ALVAR DAZA
Universidad Rey Juan Carlos

CATHERINE DEHOLLAIN
Ecole Polytechnique Fédérale de Lausanne

DANILO DEMARCHI
Politecnico di Torino

GIOVANNI DE MICHELI
Ecole Polytechnique Fédérale de Lausanne

XUEXIN DUAN
Tianjin University
DANIELA DE VENUTO

Politecnico di Bari

MOHAMED ELZEFTAWI
University of California, Santa Barbara

VICTOR EROKHIN
Italian National Council for Research and Parma
University

RALPH ETIENNE-CUMMINGS
John Hopkins University

PAOLO FACCI
National Research Council (CNR)

TAREK M. FAHMY
Yale University

PAULO P. FREITAS
INESC Microsistemas e Nanotecnologias (INESC MN)

TAKASHI FUJIKADO
Osaka University

KATE FOX
Royal Melbourne Institute of Technology (RMIT)

SIMONE GAMBINI
University of Melbourne

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems

Sandro Carrara and Krzysztof Iniewski
Frontmatter
More information

List of contributors

DAVID J. GARRETT
The Bionics Institute, Australia

ROMAN GENOV
University of Toronto

GEORGES GOETZ
Stanford University

BENOIT GOSSELIN
Laval University

GLENN GULAK
University of Toronto

JAMES S. HARRIS
Stanford University

MIGUEL HERNANDEZ-SILVEIRA
Toumaz Healthcare Ltd.

SEAMUS P.J. HIGSON
Cranfield University

DEREK HO
City University of Hong Kong

KAI HU
Duke University

PHILIP HUIE
Stanford University

KRZYSZTOF INIEWSKI
CMOS Emerging Technologies Research Inc.

THEODORE I. KAMINS
Stanford University

EVGENY KATZ
Clarkson University

ULRICH J. KRULL
University of Toronto

LIN LI
Michigan State University

CHIH-TING LIN
National Taiwan University

XIAOWEN LIU
Michigan State University

JAMES LOUDIN
Stanford University

YAN LUO
Duke University

GEORGE G. MALLIARAS
Ecole Nationale Supérieure des Mines de Saint Etienne

YOSSI MANDEL
Bar Ilan University

ANDREW J. MASON
Michigan State University

KEITH MATHIESON
University of Strathclyde

KEVIN A. MAZUREK
John Hopkins University

HAMISH MEFFIN
University of Melbourne

KATHARINA MELZER
Technischen Universitdt Miinchen

AMINE MILED
Laval University

JUNHONG MIN
Chung-Ang University

PAOLO MOTTO
Politecnico di Torino

RIKKY MULLER
University of California, Berkeley

SUDIP NAG
National University of Singapore

M. OMAIR NOOR
University of Toronto

JUN OHTA
Nara Institute of Science and Technology (NIST)

ROISIN M. OWENS
Ecole Nationale Supérieure des Mines de
Saint Etienne

DANIEL PALANKER
Stanford University

JASON PARK
Yale University

DOMENICO PEPE
Tyndall National Institute

GIANLUCA PICCININI
Politecnico di Torino

MOISES S. PIEDADE
INESC-ID, Lisbon

JAN M. RABAEY
University of California, Berkeley

NITIN K. RAJAN
Yale University

MARC RAMUZ
Ecole Nationale Supérieure des Mines de
Saint Etienne

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-04083-0 - Handbook of Bioelectronics: Directly Interfacing Electronics and Biological Systems

Sandro Carrara and Krzysztof Iniewski
Frontmatter
More information

List of contributors

ISMAEL RATTALINO
Politecnico di Torino

MARK A. REED
Yale University

DAVID A. ROUTENBERG
Yale University

LESLIE A. RUSCH
Laval University

ALESSANDRO SANGINARIO
Politecnico di Torino

ALBERTO SANGIOVANNI-VINCENTELLI
University of California at Berkeley

MIGUEL A.F. SANJUAN
Universidad Rey Juan Carlos

MOHAMAD SAWAN
Ecole Polytechnique de Montréal

GIUSEPPE SCARPA
Technischen Universitdt Miinchen

MICHELE SESSOLO
University of Valencia

DINESH SHARMA
Indian Institute of Technology, Bombay

ALEXANDER SHER
University of California, Santa Cruz

MOHIT N. SHIVDASANI
The Bionics Institute, Australia

RICHARD SMITH
University of California, Santa Cruz

ERIN STEENBLOCK
Yale University

ERIC STERN
Yale University

NITISH V. THAKOR
Johns Hopkins University

LUKE THEOGARAJAN
University of California, Santa Barbara

TAKASHI TOKUDA
Nara Institute of Science and Technology (NIST)

ALEKSANDAR VACIC
Yale University

ALEXANDRE WAGEMAKERS
Universidad Rey Juan Carlos

LELE WANG
University of California, San Diego

MONIKA WEBER
Yale University

GREGORY A. WEISS
University of California, Irvine

KSAWERY WIECZORKOWSKI-RETTINGER
Sensium Healthcare

JEONG WOO CHOI
Sogang University

AJAY KUMAR YAGATI
Sogang University

PEI-WEN YEN
National Taiwan University

GURKAN YILMAZ
Ecole Polytechnique Fédérale de Lausanne

DOMENICO ZITO

University College Cork and Tyndall National Institute

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107040830
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107040830: 


