Lecture Notes in Electrical Engineering 268

Corrado Di Natale
Vittorio Ferrari
Andrea Ponzoni
Giorgio Sherveglieri
Marco Ferrari
Editors

Sensors and
Microsystems

Proceedings of the 17th National
Conference, Brescia, Italy, 5-7 February
2013

@ Springer



Lecture Notes in Electrical Engineering

Volume 268

For further volumes:
http://www.springer.com/series/7818


http://www.springer.com/series/7818




Corrado D1 Natale » Vittorio Ferrari
Andrea Ponzoni ¢ Giorgio Sberveglieri
Marco Ferrari

Editors

Sensors and Microsystems

Proceedings of the 17th National Conference,
Brescia, Italy, 5-7 February 2013

@ Springer



Editors

Corrado Di Natale

Department of Electronic Engineering
University of Rome Tor Vergata
Rome, Italy

Andrea Ponzoni

SENSOR Laboratory, IDASC
National Research Council (CNR)
Brescia, Italy

Vittorio Ferrari

Department of Information Engineering
University of Brescia

Brescia, Italy

Giorgio Sberveglieri

Department of Information Engineering
University of Brescia

Brescia, Italy

Marco Ferrari

Department of Information Engineering
University of Brescia

Brescia, Italy

ISSN 1876-1100

ISBN 978-3-319-00683-3

DOI 10.1007/978-3-319-00684-0
Springer Cham Heidelberg New York Dordrecht London

ISSN 1876-1119 (electronic)
ISBN 978-3-319-00684-0 (eBook)

Library of Congress Control Number: 2013953711

© Springer International Publishing Switzerland 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this
publication or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s
location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)


www.springer.com

Contents

PartI Physical Sensors

Investigation of Seebeck Effect in Metal Oxide

Nanowires for Powering Autonomous Microsystems ...............ccocceevvennenne
Simone Dalola, Vittorio Ferrari, Guido Faglia, Elisabetta Comini,

Matteo Ferroni, Caterina Soldano, Dario Zappa, and Giorgio Sberveglieri

Piezopolymer Interdigital Transducers
for a Structural Health Monitoring System ...............cccccccovviiniiniiinieninnne
L. Capineri, A. Bulletti, M. Calzolai, and D. Francesconi

Noise and Performance of Magnetic Nanosensor
Based on Superconducting Quantum Interference Device .........................
C. Granata, R. Russo, E. Esposito, S. Rombetto, and A. Vettoliere

Nonintrusive IR Sensor for Real-Time Measurements
of Gas Turbine Inlet Temperature................ccccoeceiiiiniiiniiieniieneneeeeeeee
E. Golinelli, S. Musazzi, U. Perini, and F. Barberis

Thermally Actuated Microfluidic System for Polymerase

Chain Reaction Applications..............c.ccooviiiiinieniiienieieceecee e
D. Caputo, G. De Cesare, A. De Pastina, P. Romano, R. Scipinotti,

N. Stasio, and A. Nascetti

Microfluidic Sensor for Noncontact Detection of Cell Flow

ina Microchannel........................cocooiiiiiii e
M. Demori, V. Ferrari, P. Poesio, R. Pedrazzani, N. Steimberg,

and G. Mazzoleni

A Comparison Between Fresh and Thermally Aged Polyaniline
Prepared by Different Approaches: On the Conductivity

Under High PresSsure .............coocoeiiiiiiiioniiieeeeeeeeee et
C. Della Pina, M. Rossi, and E. Falletta



vi Contents

Thermal Sensor for Fire Localization...................c.ccccocoovviiniiiiniieeeee, 41
M. Norgia, A. Magnani, and A. Pesatori

Localization, Recognition, and Classification
of a Superficial Seismic Source in an Inhomogeneous Mean...................... 47
F. Lo Castro, M. De Luca, and S. Iarossi

Design and Fabrication of a Compact p—v Probe
for Acoustic Impedance Measurement..................cccoeeveeviieniienieniieeneenneenne 53
M. Piotto, A.N. Longhitano, P. Bruschi, M. Buiat, G. Sacchi, and D. Stanzial

Functional Comparison of Acoustic Admittance Measurements
with a CMOS-Compatible p—v Microprobe and a Reference One............. 57
D. Stanzial, M. Buiat, G. Sacchi, P. Bruschi, and M. Piotto

Design and Characterization

of a Micro-opto-mechanical Displacement Sensor................c..ccccocevenennne. 61
E. Schena, M. Cidda, D. Accoto, M. Francomano,

G. Pennazza, E. Guglielmelli, and S. Silvestri

Multisensor Acoustical Systems: Calibration and Related Problems........ 67
S. Ameduri, O. Petrella, V. Quaranta, G. Betta, and M. Laracca

Automatic System to Measure the Impedance of Piezoelectric
Actuators Used in Ultrasonic Scalpels ...............ccoccoevvevinviniicenicieceeeen 71
A. Bulletti, L. Capineri, and D. Floridia

Part II Chemical Sensors

Amperometric Determination of Strong Oxidising Species
Through Titanium Electrode Systems..............cc.ccccoovevvinininiencnncncncnn. 77
F. Terzi, B. Zanfrognini, J. Pelliciari, L. Pigani, C. Zanardi, and R. Seeber

Oligopeptides-Based Gas Sensing for Food Quality Control...................... 83
D. Pizzoni, P. Pittia, M. Del Carlo, D. Compagnone, and C. Di Natale

Dissolved Oxygen Sensor Based on Reduced Graphene Oxide.................. 89
S.G. Leonardi, D. Aloisio, M. Latino, N. Donato, and G. Neri

COST Action TD1105 on New Sensing Technologies

for Air-Pollution Control and Environmental Sustainability:

Overview in Europe and New Trends.............ccccccocvvniiniiiinieniennienieeceee, 95
Michele Penza

A Smart System to Detect Volatile Organic Compounds
Produced by Hydrocarbons on Seawater .................ccoceeevenieieneecieneeienens 99
A. Tonacci, D. Corda, G. Tartarisco, G. Pioggia, and C. Domenici



Contents vii

Electrical and Morphological Characterization

of TiO, Electrospun Nanofibers ..............ccoccooviiviiiiiiiniiinnieiiieieceeeeeeee 103
S. Capone, C. De Pascali, A. Taurino, M. Catalano, P. Siciliano,

E. Zampetti, and A. Macagnano

A Handy Method for Reproducible and Stable
Measurements of VOC at Trace Level in Air.................coooeviiiiiiiiiiniiennnn. 109
A. Demichelis, G. Sassi, and M.P. Sassi

UV Effect on Indium Oxide Resistive Sensors ...............cccccccoeevvevinieeeiennnnn. 115
S. Trocino, P. Frontera, A. Donato, C. Busacca, P. Antonucci, and G. Neri

P-Type NiO Thin Films Prepared by Sputtering

for Detection of Pollutants......................ccccoeeiiiiiiiiiiiic e, 121
Raj Kumar, C. Baratto, G. Faglia, G. Sberveglieri, E. Bontempi,

and L. Borgese

Well-Ordered Titania Nanostructures for Gas Sensing ...................c.......... 127
V. Galstyan, E. Comini, A. Ponzoni, N. Poli, G. Faglia, G. Sberveglieri,
E. Bontempi, and M. Brisotto

A Disposable Ammonia Sensor by Low-Cost
Ink-Jet Printing Technology..............cccoccooiiiiiiiniiiiiiceee e 133
B. Ando, S. Baglio, G. Di Pasquale, C.O. Lombardo, and V. Marletta

Reproducibility of the Performances of Graphene-Based

Gas-Sensitive ChemiresiStors..................coocoiiiiiiiiiiiiiiccc e 139
Ettore Massera, Maria Lucia Miglietta, Tiziana Polichetti,

Filiberto Ricciardella, and Girolamo Di Francia

Exfoliation of Graphite and Dispersion of Graphene

in Solutions of Low-Boiling-Point Solvents for Use in Gas Sensors........... 143
Filippo Fedi, Filiberto Ricciardella, Tiziana Polichetti,

Maria Lucia Miglietta, Ettore Massera, and Girolamo Di Francia

A High-Resistance Measurement Setup for MOX Sensing
Materials Characterization.......................coooooviiiiieiiiiii e 149
P.P. Capra, F. Galliana, M. Latino, A. Bonavita, N. Donato, and G. Neri

A Portable Gas Sensor System for Air Quality Monitoring........................ 155
Domenico Suriano, Gennaro Cassano, and Michele Penza

Part III Biosensors

Herbicide Analysis Using a New OPIE. A Case Study: Sunflower Oil ...... 161
E. Martini, M. Tomassetti, and L. Campanella

Electrochemical Immunoassay for Mucin 1 Detection

as a Diagnostic Tool in Ovarian Cancer...............ccccceeeveevieniienieniieenienieenne 165
Andrea Ravalli, Giovanna Marrazza, Anca Florea, Cecilia Cristea,

and Robert Sandulescu



viii Contents

Monitoring Photocatalytic Treatment

of Olive Mill Wastewater (OMW) in Batch Photoreactor

Using a Tyrosinase Biosensor and COD Test..................ccooieiininieninnnnnen. 169
E. Martini, M. Tomassetti, and L. Campanella

Electrochemical Antibody-Aptamer Assay

for VEGF Cancer Biomarker Detection ....................cccocoeeiiiiniiniiiniennnen, 175
Andrea Ravalli, Giovanna Marrazza, Lourdes Rivas,

Alfredo De La Escosura-Muniz, and Arben Merkoci

Electrochemical Liposome-Based Biosensors
for Nucleic Acid Detection.................ccoeeveeiiiiiieeiieiieeeeee e 179
Diego Voccia, Francesca Bettazzi, and Ilaria Palchetti

On-Chip Diagnosis of Celiac Disease

by an Amorphous Silicon Chemiluminescence Detector-............................. 183
D. Caputo, G. de Cesare, R. Scipinotti, N. Stasio, F. Costantini,

C. Manetti, and A. Nascetti

Development and Characterization of a Novel Antibacterial
Material Based on GOx Immobilized in a PVA Film ..............c..c.cccocee. 189
M.R. Guascito, D. Chirizzi, L. Giotta, and L. Stabili

Development of a QCM (Quartz Crystal Microbalance)
Biosensor to Detection of Mycotoxins ..........c..cccccuevveeriniencninencncneneneenes 195
K. Spinella, L. Mosiello, G. Palleschi, and F. Vitali

Label-Free Biosensor Based
on Copolymer-Functionalized Optical Fiber Long-Period Grating........... 199
F. Chiavaioli, C. Trono, A. Giannetti, M. Brenci, and F. Baldini

Part IV Optical Sensors

Chemiluminescence-Based Micro-Total-Analysis System

with Amorphous Silicon Photodiodes...................cccooconiniininiinieeee 207
D. Caputo, G. de Cesare, R. Scipinotti, M. Mirasoli, A. Roda,

M. Zangheri, and A. Nascetti

Optical Spectroscopy for Hogwash Qil Detection

in Soybean Chinese OIS ...............occooiiiiiiinieieee e 213
L. Ciaccheri, A.G. Mignani, A. Cichelli, J. Xing, X. Yang, W. Sun,

and L. Yuan

Ultra-compact Optical Fiber Fabry-Perot Interferometer
Based on In-Line Integrated Submicron Silicon Film................................ 217
A. Micco, G. Quero, A. Crescitelli, A. Ricciardi, and A. Cusano

Polymer Microflow Cytofluorometer ..................ccccoooveviroininienieeceeeene 223
G. Testa, G. Persichetti, and R. Bernini



Contents ix

On the Design of a Clad-Etched Fiber Bragg Grating Sensor

for Magnetic Field Sensing Applications..................coceevivniiieniiniienienneene 227
A. Saccomanno, D. Pagnano, A. Irace, A. Cusano, M. Giordano,

and G. Breglio

Moisture Measurement System for Brick Kiln ...............ccccoooeniivininnnen. 233
M. Norgia and A. Pesatori

Breath Figures onto Optical Fibers

for Miniaturized Sensing Probes ................cccooooeviiniiiiiniicenicec e 237
Marco Pisco, Giuseppe Quero, Agostino Iadicicco,

Michele Giordano, Francesco Galeotti, and Andrea Cusano

Sensitivity of Wood-Rayleigh Anomalies in Metallic Nanogratings........... 241
A. Ricciardi, S. Savoia, A. Crescitelli, V. Galdi, A. Cusano, and E. Esposito

Sensored Handheld Fiber-Optic Delivery System
for Controlled Laser Ablation.....................cccooiiiiiiiiiiiiieeeeeee e 245
I. Cacciari, A.A. Mencaglia, and S. Siano

Differential Pulse-Width Pair Brillouin Optical

Time-Domain Analysis Employing Raman Amplification

and Optical Pulse Coding...............ccoccoevieiiiiiieniiiiieece e 251
M. Taki, M. Soto, F. Di Pasquale, and G. Bolognini

Water-Jet Waveguide for Fluorescence Spectroscopy ...........c.cccceevevvvevenen. 255
G. Persichetti, G. Testa, and R. Bernini

PartV Microsystems

Moore’s II Law and Microsystems Manufacturing..............ccccoeceevvennnnne 263
U. Mastromatteo

Development of a Low Cost Planar Micro
Thermoelectric GENErator..................cccveieiiiiiiiiiieeieeeee e 267
S. Pelegrini, A. Adami, C. Collini, P. Conci, L. Lorenzelli, and A.A. Pasa

Dielectric Layers for MEMS Deposited at Room
Temperature by HMDSO-PECVD ........ccccooiiiiiiiiiieeeeeecee e 273
P. Colombi, A. Borgese, M. Ferrari, and V. Ferrari

Label-Free Detection of Specific RNA Sequences

by a DNA-Based CMOS BioMEMS ............cccooooiiiniiiieieeeeeee e 277
Lorena Tedeschi, Claudio Domenici, Vincenzo Russino,

Andrea Nannini, and Francesco Pieri

Thin Film Device for Background Photocurrent Rejection
in Biomolecular Analysis SyStems ...............cccccoevierieiiiniecienieieceee e 281
D. Caputo, G. De Cesare, R. Scipinotti, and A. Nascetti



X Contents

FEM Modeling of Nanostructures for Sensor Application ........................ 287
Adriano Colombelli, Maria Grazia Manera, Roberto Rella,
and Lorenzo Vasanelli

Part VI Sensor Electronics and Sensor Systems

Supervised Machine Learning Scheme for Wearable
Accelerometer-Based Fall Detector ....................ooovvvviiiiiiiiiiiiiieieeec e 295
Gabriele Rescio, Alessandro Leone, and Pietro Siciliano

A Compact Architecture for Heartbeat Monitoring................cccccoevvennnne 301
V. Stornelli, P. Mantenuto, G. Ferri, and P. Di Marco

MEMS Flow Sensor Based on a Sigma-Delta Modulator
Embedded in the Thermal Domain ......................cooooiiiiiiiiiiiiec e, 307
M. Piotto, A.N. Longhitano, F. Del Cesta, and P. Bruschi

Optimal Parameters Selection for Novel
Low-Voltage Vibration Energy Harvesters.............ccccccoeceeviiiniiniiineennennne 313
A. Giuffrida, F. Giusa, C. Trigona, B. Ando, and S. Baglio

Wireless Sensor Networks for Distributed Measurements
in Process AUtomation .................cc.oooviiiiiiiiiiiiiicc e 317
A. Flammini and E. Sisinni

An Ultrasonic Human—Computer Interface.................ccccoooveviiniiinennnnnn. 321
L. Capineri, M. Calzolai, and A. Bulletti

Power Management Circuit Analysis for an Inductive
EnNergy Harvester ..........cccccooiiiiiiiiiiiniieiecie ettt 325
A. Cadei, E. Sardini, and M. Serpelloni

Radio Frequency Energy Harvester for Remote Sensor Networks............ 331
V. Stornelli, A. Di Carlofelice, L. Pantoli, and E. Di Giampaolo

Development of an Attitude and Heading Reference
System for Motion Tracking Applications .................ccoocceeviiniinninniieneenen. 335
Daniele Comotti, Michele Ermidoro, Michael Galizzi, and Andrea Vitali

A Novel Method to Size Resistance for Biasing
the POSFET Sensors in Common Drain Configuration ............................. 341
Arun Kumar Sinha and Daniele D. Caviglia

A Novel Wireless Battery Recharge System
for Wearable/Portable Devices.................oooovivviiiiiiiiiiiiiceeceee e 347
M. Galizzi, M. Caldara, V. Re, and A. Vitali

Assessment of Performances of Optical Ceramics-Based
Device for Monitoring of Electrical Components ................c.ccoccocenenenen. 351
L. De Maria, D. Bartalesi, and N.C. Pistoni



Contents Xi

Characterization of a Novel Ultra-low-Power System
on Chip for Biopotential Measurement .................cccoecueevieriienieniieeneenneenne 357
M. Caldara, V. Re, and A. Vitali

A Gas Multisensor Platform for Biometric
and Environmental Applications ..............ccoooieviiiiiieniinniienceeceeeeeee 361
F. Armani, A. Boscolo, A. De Vecchi, and A. Palombit

A Modified De Sauty Autobalancing Bridge-Based Interface
for Wide-Range Capacitive Sensor Applications ................cccccoevevvervenennen. 365
Andrea De Marcellis, Giuseppe Ferri, and Paolo Mantenuto

A New CMOS-Integrated Analog Lock-In Amplifier
for Automatic Measurement of Very Small Signals ...............c..cocevrennnen. 371
Andrea De Marecellis, Giuseppe Ferri, and Arnaldo D’ Amico

Impact-Enhanced Multi-beam Piezoelectric Converter
for Energy Harvesting in Autonomous Sensors...............c.cccceevervevvereenennns 377
F. Cerini, M. Bau, M. Ferrari, and V. Ferrari

A Low-Cost Electronic Interface
for Electrochemical and Semiconductor Gas Sensors...............c..ccceuvvene... 383
A. Depari, A. Flammini, and E. Sisinni

Modeling Hysteresis Losses in Magnetic Core Inductors
for DC—DC ConVersion..........c..cccccoeeiiniiiiniiiinteieeeeneeeese et 387
G. Calabrese, M. Granato, G. Frattini, and L. Capineri

Nonlinear Multi-frequency Converter Array for Energy
Harvesting from Broadband Low-Frequency Vibrations........................... 393
D. Alghisi, M. Bau, M. Ferrari, and V. Ferrari

A Wireless Sensor Network Architecture

for Structural Health Monitoring................ccccoeceevieiieniecienieieceeeeceee s 397
D. Tignola, Saverio De Vito, Grazia Fattoruso, Francesca D’ Aversa,

and Girolamo Di Francia

Characterization of Multi-sensor System
for Noninvasive Measurement of Vital Parameters..................cccccccooeeennn. 401
C.M. De Dominicis, A. Depari, A. Flammini, S. Rinaldi, and A. Vezzoli

Wireless Sensor Network Based on wM-Bus
for Leakage Detection in Gas and Water Pipes.............ccccoceeviiniiiniennnnnn. 407
P. Ferrari, A. Flammini, S. Rinaldi, and A. Vezzoli

Arduino-Based Shield for Resistive Gas Sensor Array

Characterization Under UV Light Exposure ..............c.cccooovvviiiiiiniinnnnnn. 411
D. Aloisio, N. Donato, G. Neri, M. Latino, T. Wagner, M. Tiemann,

and P.P. Capra



Xii Contents

Piezoelectric Energy Harvesting from von Karman Vortices ..................... 417
M. Demori, V. Ferrari, S. Farise, and P. Poesio

Mobile System for Air Pollution Evaluation....................ccocoeevenievinnnnnnnen. 423
A. Bernieri, G. Betta, L. Ferrigno, and M. Laracca

Part VII Applications

A Wearable Sweat pH and Body Temperature Sensor
Platform for Health, Fitness, and Wellness Applications ........................... 431
M. Caldara, C. Colleoni, E. Guido, V. Re, G. Rosace, and A. Vitali

Influence Quantity Estimation in Face Recognition

Digital Processing Algorithms.................coocoviiiiiiiiniiiniiieeceeeeee 435
G. Betta, D. Capriglione, M. Corvino, C. Liguori, A. Paolillo,

and P. Sommella

Printed Sensors on Textiles for Biomedical Applications........................... 439
A. Dionisi, E. Sardini, and M. Serpelloni

E-Nose as a Potential Quality Assurance Technology

for the Detection of Surface Contamination by Aeronautic Fluids............ 443
Paola Di Palma, Saverio De Vito, Mara Miglietta, Ettore Massera,

Grazia Fattoruso, Bruno Mastroianni, and Girolamo Di Francia

IMS Development at NRNU MEPhI ................cccooiiiiiniiiiiiieceeeeeee 447
N. Samotaev, A. Golovin, V. Vasilyev, E. Malkin, E. Gromov, Y. Shaltaeva,
A. Mironov, and D. Lipatov

Fiber-Optic Flow Sensor for the Measurement
of Inspiratory Efforts in Mechanical Neonatal Ventilation........................ 453
Luigi Battista, Andrea Scorza, and Salvatore Andrea Sciuto

Determination of Polyphenols in Bakery Food Matrices
with New Detection Methods .................oooooiiiiiiiiiiii e 459
L. Pigani, R. Seeber, A. Bedini, E. Dalcanale, and M. Suman

Electronic Nose and Gas Chromatography—Mass Spectrometry

for the Philippine Civet Coffee Discrimination.............c..cc.ccoccevirvinnncnen. 463
Veronica Sberveglieri, Emelda Ongo, Matteo Falasconi,

Isabella Concina, Andrea Pulvirenti, and Fortunato Sevilla 111

Simulation of Chlorine Decay in Drinking Water Distribution

Systems: Case Study of Santa Sofia Network (Southern Italy) .................. 467
G. Fattoruso, D. De Chiara, S. De Vito, V. La Ferrara, G. Di Francia,

A. Leopardi, E. Cocozza, M. Viscusi, and M. Fontana



Contents Xiii

Use of Kinetic Models for Predicting DBP Formation

in Water Supply SYSteMS...........cccocoveiieieiiieieiieiee e 471
G. Fattoruso, A. Agresta, E. Cocozza, S. De Vito, G. Di Francia,

M. Fabbricino, C.M. Lapegna, M. Toscanesi, and M. Trifuoggi

Development of Electronic-Nose Technologies

for Biomedical Applications ..............ccoooieviiiiiiiiiiiieneee e 475
S.G. Leonardi, M. Cannistraro, E. Patti, D. Aloisio, N. Donato, G. Neri,

C. Pace, M. Mazzeo, and W. Khalaf



Part I
Physical Sensors



Investigation of Seebeck Effect in Metal Oxide
Nanowires for Powering Autonomous
Microsystems

Simone Dalola, Vittorio Ferrari, Guido Faglia, Elisabetta Comini,
Matteo Ferroni, Caterina Soldano, Dario Zappa, and Giorgio Sberveglieri

1 Introduction

Quasi-monodimensional metal oxide nanostructures have been recently considered
as promising candidates to develop high-efficiency and high-temperature thermo-
electric devices due to their reduced dimensionality and excellent durability at high
temperature [1]. The fabrication of a thermoelectric generator (TEG) requires
both n- and p-type elements. To this purpose, bundles of ZnO (n-type) and CuO
(p-type) nanowires have been grown by thermal evaporation process [2] and thermal
oxidation techniques [3], respectively, and a planar thermoelectric generator has
been fabricated.

2 Material Preparation

The deposition technique for zinc oxide nanowires consists in the thermally driven
evaporation of a powder of bulk metal oxides followed by condensation on a sub-
strate in an alumina tubular furnace capable to reach high temperatures (1,500 °C),
needed to initiate the decomposition and the evaporation of metal oxide powder [2].
The nanowires have been fabricated on alumina 20x20 mm? substrates with Au
nanoparticles deposited by RF sputtering as catalyst.
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Fig. 1 (a) Picture of the fabricated planar TEG. (b) Schematic diagram of the experimental setup
for the measurement of the thermoelectric response of nanowires samples

Copper oxide nanowires have been grown by thermal oxidation of metallic Cu
thin film layer, previously deposited by RF magnetron sputtering on 20x20 mm?
alumina substrates [3].

By combining n- and p-type nanostructured elements, a planar TEG consisting
of five ZnO and CuO thermocouples, electrically connected in series and thermally
in parallel, has been designed and fabricated. Thermoelectric material depositions
have been patterned via shadow mask technique on alumina 20 x 20 mm? substrates
to form an array of elements. Each element consists of an S-shaped strip 20 mm
in length and 1 mm in width. The electrical contact is provided by the overlap of
adjacent strips. ZnO nanowires have been grown by thermal evaporation technique
before copper deposition, to avoid contaminations; then the entire device has been
oxidized in a furnace. A top-view picture of the planar thermoelectric generator is
shown in Fig. la.

3 Measurement of the Thermoelectric Response

The thermoelectric response of the fabricated samples has been experimentally
investigated by measuring the thermoelectric voltage as a function of the temperature
difference AT=T,—Ty applied by means of an experimental setup, based on two
Peltier cells, which provides the temperatures 7, and 75 at the edges of the sample,
as shown in Fig. 1b.

The thermoelectric voltages on the ZnO and CuO nanowire bundles have been
measured by means of a pair of Chromel probes, which connect the nanowire
bundle to the electronic measurement unit [4]. The voltage AV, measured at the tips, is
proportional to the temperature difference AT as follows:

AV =a,, AT =(a,, — o, ) AT 1))
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where a,, ¢, is the Seebeck coefficient of the tested material (ZnO or CuO) labelled
m, with respect to the reference material Ch, i.e., Chromel, while «, and
ac,=28.1 pV/°C [5] are the absolute Seebeck coefficients of the tested material m
and the Chromel, respectively.

For the characterization of the planar thermoelectric generator, the thermoelec-
tric voltage AV has been measured using a pair of copper probing tips by means of
the above-described experimental setup, as a function of the applied temperature
difference AT. The thermoelectric voltage AV provided by the TEG is proportional
to the applied temperature difference AT by means of the Seebeck coefficient S of
the entire thermoelectric device, as it follows:

AV =SAT = Na AT = N(a,p =00 ) AT )

Cu0,ZnO

where N=5 and acy,z0 are the number and the Seebeck coefficient of the ZnO-
CuO thermocouples composing the thermoelectric device, respectively.

The voltage AV has been amplified by means of a low-noise instrumentation
amplifier INA111 with a gain of 100 for the characterization of both metal oxide
nanowires and planar thermoelectric generator.

4 Experimental Results

Figure 2a shows the applied temperature difference AT and the corresponding ther-
moelectric voltage AV measured for a ZnO nanowire sample fabricated at 700 °C as
a function of time. From measured data, the generated voltage can be plotted versus
the temperature difference, as shown in Fig. 2b.

The Seebeck coefficients of the fabricated samples, estimated by fitting the
experimental data with a linear function as predicted by (1) and deriving the slope
of the fitting line, are reported in Table 1. The sign of the measured thermoelectric
coefficients is negative (positive) for ZnO (CuO) as expected for n-type (p-type)
semiconductors. The experimental results are in agreement with recently reported
values of Seebeck coefficient for ZnO nanostructures [6] and CuO thin film [7].

Figure 3a shows the trends of the applied temperature difference AT and the
thermoelectric voltage AV versus time for the thermoelectric generator. The
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Fig. 2 (a) Trends of the applied temperature difference AT and the thermoelectric voltage AV
versus time and (b) the voltage AV versus the applied temperature difference AT for the ZnO
sample fabricated at 700 °C
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Table 1 Measured Seebeck coefficients of the fabricated ZnO and CuO nanowire samples

Material Deposition temperature (°C) Seebeck coefficient a,, (mV/°C)
ZnO 700 -0.19
870 -0.11
1,070 -0.10
CuO 250 +0.82
400 +0.43
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Fig.3 (a) Trends of applied temperature difference AT and the voltage AV versus the time and (b)
the generated voltage AV versus the applied temperature difference AT for the TEG

thermoelectric coefficient of the TEG has been estimated by linear fitting of the
experimental data (Fig. 3b) and results of about 4 mV/°C; therefore, a single nano-
structured ZnO—-CuO thermocouple exhibits a Seebeck coefficient of about
0.8 mV/°C. The experimental data suggest that TEG based on the ZnO—CuO system
could be investigated to supply low-power sensors and microsystems.

5 Conclusions

ZnO and CuO nanowire bundles have been deposited by thermal techniques and
investigated for energy-harvesting applications by measuring Seebeck coefficient.
A planar thermoelectric device based on five ZnO—CuO nanostructured thermo-
couples has been fabricated. Experimental data confirm the feasibility of fabricating
planar thermoelectric generators for power generation based on ZnO and CuO
nanowires deposited via shadow masks.
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Piezopolymer Interdigital Transducers
for a Structural Health Monitoring System

L. Capineri, A. Bulletti, M. Calzolai, and D. Francesconi

1 PPTs Fabrication Characteristics

The flexible piezopolymer transducers made with thin 100 pm PVDF film were
proposed by the authors in previous works [1-3].

The proposed technology uses an array of transducers which can be designed to
excite particular types of ultrasonic Lamb waves in laminate materials (metallic or
composite). The finger to finger distance of interdigital electrode patterns deter-
mines the central wavelength of the transducer (1) and then the corresponding Lamb
waves mode. The piezoelectric polymer film can operate in a range of temperature
(=80 to +60 °C) that is broader than that of ceramic transducers. Furthermore, the
high mechanical compliance makes it adaptable to curved surfaces. A laser-based
microfabrication design process can be tuned for efficient excitation and reception
of selected Lamb waves. This property depends on the characteristics of laminate
material and defect types. In our case we adopted 8 mm finger distance and four
pairs of electrodes (see Fig. 1). Permanently glued on the vessel surface, a series of
PZTs (Acellent Technologies, Inc., Sunnyvale, CA) used during previous tests is
still present.

The piezopolymer interdigital transducers have been characterized at low
temperature (—80 °C) and high temperature (+60 °C) showing no significant change
of behavior, confirming that they can operate in the temperature range required for
space application. Also levels of driving voltages and excitation burst frequency
have been selected depending on the monitored medium. Because of the lower
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Fig. 1 The fabricated
interdigital PPT made with
thin 100 pm-thick PVDF film
with A=8 mm. The two holes
(¢p=2 mm) are used for
cables connection.
Dimensions 26 mm x 37 mm

Fig. 2 Interdigital PPT with
protective adhesive cover and
the matching network
designed. Implementation of
the Piezopolymer
Transducers Network

Fig. 3 Programmable acquisition system for active SHM on COPV with interdigital PPTs network

efficiency of PVDF with respect to PZT, higher voltages are necessary to drive the
IDT transducers starting from low-voltage (+12 V) integrated driven circuit.
Voltages up to 150 Vpp are obtained by designed matching networks (see Fig. 2).
All operations have been carried out with the scope of testing a piezopolymer
transducers (PPTs) network applied on the surface of a scaled model of a carbon
composite overwrapped pressurized vessel (COPV) to proof its efficiency for the
localization of artificially induced damages on the COPV surface (see Fig. 3).
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PPTs network has been designed for the wavelength A=8 mm, assembled on matching
network designed connected to the receiving electronics. Adhesion of the sensors to
the COPV surface is assured by smoothing with sandpaper and then degreasing with
isopropyl alcohol the vessel surface. Then 8 PPTs (4 for the transmission Tx and 4
for the detection Rx) are installed on the vessel surface to investigate a portion of the
cylindrical surface.

The chosen configuration (4+4 PPTs at 180 mm of distance spread along 180 mm
depending on the defect characteristic and dimension) allows the acquisition of data
along the paths between all possible pairs of transmitting and receiving transducers
with a good signal-noise ratio.

2 Experimental Tests

A developed electronic system is programmed for the selection of multiple couples
of pitch and catch PPTs and for the acquisition of relevant data. Front-end electronics
has been designed and optimized for high signal-to-noise ratio taking into account
the low power space requirements. The system includes also dedicated software that
is developed to process off-line signals up to 8 x 8 different pairs of transducers for
detecting both the damaged area and the size of the damage. The developed software
interface controls the experiment and evaluates a damage index (DI) both in no
damaged and damaged conditions and finally shows a colored scale image connected
to the levels of probability of the presence of the damage.
Algorithm development for damaged area detection includes:

e The definition of signal paths from transmitter to the receiver

* The definition of excitation signal parameters

 The definition of artificially induced damages (drops of gel of 3 cm? size)

* The definition of Matlab routine managing the acquired signals of different paths
before the DI calculation

e The calculation of DI based on the difference of both shape and amplitude of
two acquired signals across the same path in undamaged and damaged
conditions

Different artificial defects have been detected successfully by signal processing
with the developed laboratory system: defects with area of about 3 cm? made by an
ultrasonic gel drop on the surface of COPV have been detected successfully by
using two arrays of four transmitters and four receivers placed at a distance of
180 mm. The antisymmetric A, mode at 220 kHz has been used to scan the area.
The damage index image is shown in Fig. 4 corresponding to 1 for no defect and O
for strong defect (no signals received).
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RX1 RX2 RX3 RX4

Average Damage Index

70 50 -30 -10 10 30 5 70 90
mm

TX1 TX2 TX3 TX4

Fig.4 Image of damage index distribution of the investigation area on COPV with defect D3 with
real position (x=—45°; y=+45°)
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Noise and Performance of Magnetic
Nanosensor Based on Superconducting
Quantum Interference Device

C. Granata, R. Russo, E. Esposito, S. Rombetto, and A. Vettoliere

1 Introduction

The nano superconducting quantum interference device (nanoSQUID) is a powerful
tool to study the magnetic properties of the nanoparticles at a microscopic level
[1-7]. In fact, in the recent years, it has been shown that the magnetic response of
nano-objects (nanoparticles, nanobead, small cluster of molecules) can be effec-
tively measured by using a nanoSQUID [8, 9]. Typically, a dc nanoSQUID consists
of a square loop having a side length less than 1 pm interrupted by two nanometric
niobium constrictions (Dayem bridges) [2-4]. A small capture area improves the
magnetic coupling between the SQUID and the nano-object under investigation
allowing to obtain a sensitivity as high as few tens of Bohr magnetons per unit band-
width [2—4]. In this paper, the design, the fabrication, and the characterization of
hysteretic nanoSQUIDs based on Dayem nanobridges are reported. The effectiveness
of such devices to measure magnetization and relaxation of iron oxide nanoparticles
having a mean size ~8 nm demonstrated that our nano-devices are useful tools for
nanomagnetism investigation.

2 Sensor Design and Characterization

We have designed and fabricated nanoSQUIDs consisting of a square hole with an
inner side length of 0.75 pm, a width of 0.2 pm, and two Dayem bridges 120 nm
long and 80 nm wide. We have used a configuration where the bias leads are
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Fig. 1 (a) Scanning electron micrograph of a nanoSQUIDs in an asymmetric configuration.
The integrated coil allows an effective modulation/calibration of the device. (b) Critical currents
as a function of the external magnetic flux measured at 7=4.2 K

asymmetric with respect to the loop which corresponds to an inductance loop
asymmetry. As we will show in the experimental results, such a configuration allows
us to improve the critical current responsivity. A superconducting integrated coil
located very close to the device allows to tune and set the optimal working point of
the sensor (Fig. 1a).

The fabrication process is based on electron-beam lithography (EBL) process,
which can directly pattern two-dimensional nanostructures on a high-resolution
positive-tone polymethyl methacrylate (PMMA) electron-beam resist, spin-coated on
a standard silicon wafer, used as substrate [9]. The EBL was used to pattern both the
SQUID and an integrated coil into PMMA. A 20-nm-thick Nb film was deposited
by dc magnetron sputtering in an ultra high-vacuum system with a base pressure of
108 mbar. A simple lift-off procedure is employed to obtain the SQUIDs and the
related coil. A layer of flowable oxide (Fox-22 DOWCorning) is finally spin coated
to obtain a passivation layer. The nanosensors have been characterized in liquid
helium (7=4.2 K) in a cryoperm magnetic shield using a low noise read-out
electronic. In Fig. 2b, the I-® characteristic measured at 7=4.2 K has been reported.
There is an appreciable increase of the curve slope on the steeper side of the char-
acteristic, leading to an increase of the current sensitivity. As evaluated from the
figure, the slope ratio between the steepest and the smoothest side is more than a
factor three.

The magnetic flux resolution is given by ®y=A1Ic\/I®, where Al is the minimum
critical current difference detectable which depends on the critical current values
and /[®=0I/0®, is the magnetic flux to critical current transfer coefficient. For typical
I value of 100-200 pA, Alcy is about 0.01 pA, and considering a maximum /® of
about 90 pA/®, for the asymmetric configuration (Fig. 1b), a magnetic flux resolution
of 0.1 m®, can be estimated.



Noise and Performance of Magnetic Nanosensor Based on Superconducting Quantum... 15

a . . . . - b 10 :
o z=5n
K " 1 —_—
—_ g o8t
3: - o ." 0‘.’ B Ea
= o 5 x =10
= o A/."':o = 06
5=l -o‘ * [ =20nm
g o - 2 04
g | ¢ & 2 #=50nm
= < o b
= . .'..u"' = o2t Z=100nm |
2 F .
|. L L L L L 0,0 L L L L
-600 -400 -200 0 200 400 600 0 10000 20000 30000 40000 50000
Magnetic Field [G] Spin number

Fig. 2 (a) Field dependence of magnetization for 8-nm magnetic nanoparticles (blue dots) mea-
sured at 7=4.2 K by using a nanoSQUID. (b) Magnetic flux produced by a spin cluster as a function
of the spin number, located within the SQUID hole at different distance z from the sensor plane.
The overall magnetic flux has been obtained by summing up the flux contributions of each spin

3 Magnetization Measurement

Magnetization measurement relative to magnetite (Fe;O,) nanoparticles having a
diameter of 8§ nm has been performed. The measurement is obtained by measuring
the critical current variation due to the change in the magnetic flux threading the
SQUID loop. The experimental setup employed to perform these measurements is
well described elsewhere [9]. The excitation field is provided by a solenoid coil able
to produce a uniform magnetic field in the plane of the nanosensor of about 800 G,
while a suitable feedback circuit provides the linearization of the nanoSQUID out-
put. In this configuration, only the magnetic field arising from the nanoparticles will
be measured, because the SQUID is sensitive only to the magnetic field normal to
the capture area.

The nanoparticles were dispersed in hexane with a concentration of 6 mg/ml.
A single drop of the solution of about 10 ml was left to dry on the chip (1 cm?) leaving
the nanoparticles stuck on the chip due to Van der Waals force. Supposing a uniform
distribution of the solution on the chip, the mass of iron oxide in the active area of
the sensor (0.5 pm?) was about 0.3 pg corresponding to 10*~10° nanoparticles [9].
In Fig. 2a, magnetic field dependence of the magnetization relative to Fe;O,
nanoparticles for a sweep magnetic field ranging from —600 to 600 G and measured
at T=4.2 K is reported. The sigmoid shape of the virgin curve at low magnetic field
suggests the presence of dipole—dipole interparticle interactions which tend to resist
to the magnetization process. The hysteresis indicates ferromagnetic features which
are also present for lower field sweeps, suggesting that at 7=4.2, the magnetic
nanoparticles under investigation are well below the blocking temperature.
Unfortunately, the available magnetic field did not allow us to observe saturation,
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so only a minor loop have been recorded. The coercive field of such a loop is
about 290 G.

By using the numerical calculations reported in ref. [10], we have computed the
magnetic flux produced by a cluster of elementary magnetic moment (Bohr magne-
tons, ug=9.3x 1072 J/T), located within the SQUID hole at different distance from
the sensor plane (Fig. 2b). Since the maximum SQUID output relative to the reported
magnetization curve is about 1 ®, and assuming a distance from the nanoparticles
and the sensor plane of 10—100 nm, we have approximately estimated from Fig. 2b
a value of the total magnetic moment of (0.6—1.7)x 108 up (0.6-1.6x 107! emu)
corresponding to (2-5) emu/g which is a reasonable value since the typical values
of the magnetization at the saturation field (few T) reported in the literature are few
tens of emu/g.

4 Conclusions

Low noise magnetic nanosensor based on Dayem bridge SQUID has been employed
for the measurements of nanoparticles magnetization. A magnetic flux sensitivity of
about 10~ @, has been obtained by using an asymmetric nanoSQUID configuration.
The sensor has been used in a hysteretic mode with suitable read-out scheme which
has allowed to linearize the SQUID response. The magnetization measurements on
iron oxide nanoparticles have shown an evident magnetic hysteresis indicating a
blocking temperature well above 4.2 K. These results are very encouraging in view
of a wide use of nanoSQUIDs for the nanomagnetism investigations.
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Nonintrusive IR Sensor for Real-Time
Measurements of Gas Turbine Inlet
Temperature

E. Golinelli, S. Musazzi, U. Perini, and F. Barberis

1 Introduction

Turbine inlet temperature (TIT) is a critical parameter of gas turbine systems
influencing both material and coating lifetime of turbines as well as their efficiency.
For this reason, online TIT monitoring systems are highly desirable since they
would allow both to foresee with higher reliability the residual life of the most critical
hot parts of the turbine and, at the same time, to maximize the gas temperature
(although it should remain within the limits for materials and coatings operation) so
as to increase the gas turbine overall efficiency.

Unfortunately, at present, there are no available methods to accurately measure this
parameter on operating plants. For these reasons, we have developed a temperature
sensor based on spectroscopic photometric measurements of the infrared radiation
emitted in a selected wavelength band by the CO, molecules of the combustion
gases. The sensor has been designed to provide online and in real-time measure-
ments of the average gas temperature on a plant section transversal to the gas flow.
The developed prototype is mechanically robust and thermally resistant to with-
stand typical operating conditions of industrial gas turbines. It has been tested both
at laboratory level in controlled stable conditions and on a full-scale combustor test
bed simulating the behavior of real gas turbine machine.

2 Principle of Operation

The measuring technique is a sort of emission-absorption pyrometry like the one
utilized in nonreacting gas mixtures with negligible reflectivity [1]. The measured
quantity is the grey body spectral irradiance H(A,T) defined by the product of the
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