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DINFO

Ewigggggﬁg tdoe(l?'ilnformazione P O S I Z I O n e Attu al e

— Dal 23.12. 2011 svolgo l'attivita di Professore Associato di Elettronica (ING\INF-01)
presso il DINFO, conferma in ruolo con decorrenza 23.12.2014;

— Ambito di ricerca: elettronica delle microonde e onde millimetriche;

— Didattica:
— Elettronica dei Sistemi a Radiofrequenza CdS - Ingegneria Elettronica e TLC
— Dispositivo per la Micro e Nano Elettronica CLM — Elettronica

— Membro del collegio dei docenti del Dottorato di Ricerca Pegaso ‘Smart Industry’

— Ho ottenuto I’Abilitazione Scientifica Nazionale di | Fascia, per il settore concorsuale
09/E3 — ELETTRONICA il 20 Luglio 2017
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DINFO

Ewigggggﬁg tdoe(l?'ilnformazione P O S I Z I O n e Attu al e

—  Membro eletto della Commissione di Indirizzo e Autovalutazione del DINFO;

— Dal 13 Giugno 2017 ho assunto il ruolo di Direttore del Centro Interdipartimentale per
le Tecnologie e Microsistemi per la Sicurezza e Qualita Ambientale dell’Universita di
Firenze;

— Dal 7 Giugno 2019 assume il ruolo di Responsabile scientifico del Laboratorio
Congiunto in “Tecnologie e Sistemi per I'Info-Mobilita” tra la Societa Autostrade
Tech e DINFO;

— Membro del comitato di gestione del Centro di Ricerche interuniversitario Microwave
Engineering for Space Appllications (MECSA)
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Il Centro Interdip. per le Tecnologie e Microsistemi

Dipartimento di . ca .
Ingegneria dell'Informazione per la Sicurezza e Qualita Ambientale:

— Consocia 4 Dipartimenti UniFl e 18 docenti/ricercatori/tecnici

— Si occupa prevalentemente di attivita di ricerca e disseminazione nell’ambito del
monitoraggio ambientale per finalita di controllo e sicurezza
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precision farming

Dipartimento di . N _
Ingegneria dell'Informazione Distributed Integrated System for Vineyard

Impiego di wireless sensors network per il monitoraggio della vigna
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precision farming

Dipartimento di N :
Ingegneria dell'Informazione Distributed Integrated System for Vineyard

Previsione degli attacchi di patogeni per la somministrazione adattiva di
trattamenti

o Sviluppo stimato al 28.04.2009: 38%
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DINFO monitoraggio qualita

Dipartimento di .
Ingegneria dell'Informazione dell’ambiente

Distributed Integrated System for Volatile Organic Compound (VOC) Monitoring”: rete
presso lo stabilimento petrolchimico di Mantova

Intervalo tarmporale witime 24 ore

ENI PEM - Mantova - Mappa
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Dipartimento di

Ingegneria dell'Informazione

monitoraggio qualita

dell’ambiente

Photoionization detectors (PIDs) measure VOCs and other toxic gases in low concentrations

from ppb up to 10,000 ppm.

Gas molecule ionization yields a current determined by opposite-polarity ions collected by a

pair of electrodes.
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The PID operation principle is governed by the Fick’s first law,
which provide the analyte, J, diffusion

1 on(t) ¢C

I=ac & ~Px
Introducing the diffuisivity length, L,, and inionization time t;:
1 ¢n (Ca —Cio) oG;(t) (14 G G
_— =D—7F— , AV e e =2 = 2
Ac ot —g Lgq ot “SCl T T

The calibration process involves the readout measurements at
various C, (ppb)

_n _ Vn _ Vourn

Xpn = (Cl)n =3 S,,n — Sl.n-G
then the classical PID zero/span calibration curve should be
modified to represent the nonlinear behavior in the low-ppb
range

V(CA) =aSy Cp =

Manes, G., Collodi, C. Passafiume, M., et al. (2016). Realtime gas emission monitoring at hazardous sites using a distributed point-source

sensing infrastructure. Sensors, 16(1), 121.
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DINFO monitoraggio qualita

Dipartimento di .
Ingegneria dell'Informazione dell’ambiente

“Distributed Integrated System for Volatile Organic Compound (VOC) Monitoring”: rete
presso lo stabilimento petrolchimico di Mantova

Fusione dati VOC — dati ambientali (direzione e intensita del vento)
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DINFO Struttura Urbana Multifunzionale Attiva

Dipartimento di
Ingegneria dell'Informazione
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DINFO Indoor wireless localization

Dipartimento di

Ingegneria dell Informazione te C h no I O gy

o Assuming a multi-bean radio device, (the anchor), an anchors constellation reads an
array of Received Signal Strength Indicator (RSSI), dim(RSSI)=NxM
o the simplest analytical search Localization reduces to the solution of the following

Least Square Estimator The observation model is
T \\\9 RSSI, = G,(0)+ Py +w
B b s compared with the incident power from the
N2 ic source in position (x,y), at distance D from
[\ scden 'f,.]l"f‘jf,""f. —! :hor
7|\ L® EJ] e . V-
: = . 2 S ‘r— SRAM | | FLASH E'ILC(D) — PE.LL'(:I:'J ?-,.") _|_ 20 1Ug (4TTDX’AD)
: . N F”IF_.,‘T c-.: S'.-lnl' | . .
L — ‘ o | | /€ assume the cost function the variance of
wiEl | ] <J®I[Z —— | ‘erence between the steering vector and the
g foit [[o=wer] 2d signal map

MN MN

1 |
Clx,y) = mz sy —my) i (s; —my)
i=1 =1

j
(#,9) = argmin {C(x,y)}

Maddio, S., Cidronali, A., Passafiume, M., Collodi, G., Lucarelli, M., & Maurri, S. (2017). Multipath robust azimuthal direction of arrival estimation in dual-
band 2.45-5.2 GHz networks. IEEE Transactions on Microwave Theory and Techniques, 65(11), 4438-4449.



DINFO Indoor wireless localization

Dipartimento di

Ingegneria dell Informazione te C h no I O gy

o By the Fisher Information Matrix (F) the accuracy of a DoA estimation

IS achieved a-priori
o For the 2D case in exam the FIM is defined as

ZN M [EJG’n ]2
T o

CRB,(z,y) = [F] a2 = U%SSI Det[F]

ZNJ‘LI [ Gy ]2
T

CRBy(z,y) = [F] ™ 11 = 0hssr =“pers!

therefore, for any unbiased position estimator:

Var [E] > CRB(z,y) = CRB,(z,y) + CRB,(z,y)

#=315

wem | | CR8, [6B]

0 =228

CRBg(0, ) CRB,(0,0)

Cidronali, A., Maddio, S., Giorgetti, G., & Manes, G. (2009). Analysis and performance of a smart antenna for 2.45-GHz single-anchor indoor
positioning. IEEE Transactions on Microwave Theory and Techniques, 58(1), 21-31. 13/40



Research activity on microwave

Dipartimento di

Ingegneria dell'Informazione EIeCt ron |CS

A brief introduction

Example of systems and circuits investigated and developed

=
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0.1 — 40 GHz bandwidth Travelling Wave
Amplifier in 0.2um GaA

s HEMT technology

high dynamic range full-duplex DSRC transceivers

Doherty Power Amplifier DVBT 300 W peak power
in Si-LDMOS technology
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DINFO Research activity on microwave

Dipartimento di

Ingegneria dell'Informazione e I eCt 'on | CS

A brief introduction

Device modeling investigation: quantum functional Hrergy (ev)
device based on interband resonant tunneling e ST
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Cidronali, A., Nair, V., Collodi, G., Lewis, J. H., Camprini, M., Manes, G., & Goronkin, H. (2003). MMIC applications of heterostructure interband tunnel
devices. IEEE transactions on microwave theory and techniques, 51(4), 1351-1367. 15/40



DINFO Research activity on microwave

Dipartimento di

Ingegneria dell'Informazione EIeCt rOn |CS

The research was motivated by the potential development of building blocks in
Microwave Monolithic Integrated Circuit (Quantum MMIC) technology operating
at extremely low supply voltage and reduced number of devices

output frequency 6.18 GHz

output power -16dBm

tuning range 140 MHz

SSCR -105dBc/Hz @ ShMHz

efficiency 3%

power supply 850pwW .
supply voltage H00mv

die size 450%550pm? "
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Cidronali, A., Collodi, G., Camprini, M., Nair, V., Manes, G., Lewis, J., & Goronkin, H. (2002). Ultralow DC power VCO based on InP-HEMT and
heterojunction interband tunnel diode for wireless applications. IEEE transactions on microwave theory and techniques, 50(12), 2938-2946. 16/40



Nonlinear Dynamic Microwave

Dipartimento di

Ingegneria dell'Informazione Syste ms C h ara Cte rl Zatl on

at the “RF nonlinear characterization group” of the National Institute for

Standard and Technology, Bolder (CO) USA

Prof K. C. Gupta, Ale, Dr. J. Jargon, and Dr K. Ramley
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DINFO Nonlinear Dynamic Microwave

Dipartimento di

Ingegneria dell'Informazione Syste ms C h ara Cte rl Zatl on

A brief introduction
A general nonlinear system with memory is described by the multidimensional
convolution integral, i.e. the Volterra Series

N +00 +oc
i(t):Zr:Ln/ / ho(m1,...,m)v(t —7m1)...0(t — 1)dTp .. .dTy

n=1

with N=1 it describes a linear dynamic system.

In the case of system memory duration z,, small compared to the inverse
of excitation signal bandwidth B,, — B, xz., <<1, the series converges to

the Modified Volterra Series

i(t) = Fpo (v(t)) + /U " ()T ot — 1) — v(8)] dr
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DINFO Nonlinear Dynamic Microwave

Dipartimento di

Ingegneria dell'Informazione Syste ms C h ara Cte r| Zatl on

A brief introduction

Under the assumption of the small-memory the term [v(t — 7) — v(t)]becomes a

linearization of the large-signal,vy s (%), applied to the system

?(t) Fpo (“U —|— Z f(n)

dtn
with

O MEASUREMENTS
[ SIMULATIONS

coefficients to be determined.

The model can be conveniently identified in

frequency domain

T T | OO P B | | | I CB e ]‘| V\ -
2.084 2088 2.092 2096 2100 2104 2.108 2.112 2116
FREQ [GHZ]

Fig. 20. Comparison between simulated and modeled single carrier WCDMA
at 2.1 GHz.

Cidronali, A., Accillaro, C., & Manes, G. (2007). Mildly nonquasi-static two-port device model extraction by Integrating linearized large-signal vector
measurements. IEEE Transactions on Microwave Theory and Techniques, 55(11), 2277-2289. 19/40



DINFO Nonlinear Dynamic Microwave

Dipartimento di

Ingegneria dell'lInformazione Syste MSsS C h ara Cte r| Zat| on

Transforming into the frequency domain and introducing the concept of waves,

’ bik = Fig(ar1,a12,...,a21,0271,...)
T ? A = - ? T bZ,k = Egﬁ_:; ((,1111,{1132,...,t‘lg]l,agjlj...)

. >
L >

the linearization about the Large-Signal Operating Point (LSOP), lead to
i : number of system port; k: index of the harmonic

- If only one incident pseudo-wave, a, ,, is large then the other smaller inputs can be linearized
about the large-signal response of F;, to only a, ;. includes exact nonlinear mapping

bik = Fik (la11] ya1 2P 7% a1 3P 7. ) P* ~ F; . (la141],0,0,...) P*

OF; i kI OF; i L
5 T 1 E
I 1| R T = B
kJl#(1,1) L Kl a1 ki a1
ﬂ |
| a1 _ jxarg(as)
to totally linear non-analytic map P = @11] € :
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DINFO Nonlinear Dynamic Microwave

Dipartimento di

Ingegneria dell'Informazione SySte Mms C h aracte I’I Zat| on

. The setup is based on a calibrated multi-port transmitters - coherent receivers
« The absolute value of harmonics amplitude and phase is measured

* The technique: injects a drive large-signal at the device input and sequentially
a test signal at each port and to all fundamentals and harmonics.

The test signal phase is rotated at steps around 360 degrees
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Development of a

Dipartimento di

Ingegneria dell'Informazione E nve | O p e Tra C k| N g POwe I

Dual-band GaN based ET-PA, developed by probability conscious

approach
[ The signal distribution imposes the estimation of the optimum

impedance on mean value basis
1 Shaping table, that is the law Vdc vs Pin, is critical in the ET-PA

Optimum DE and Gain 15.00V - 55.00V - Frequency 2140.00MHz
g RSN < R A R A S e G YN AR SO R O ORAE P Y A e -80

. Opllmum DE - Ideal Shapmg : A
*  Optimum DE - Nujira Wilson Shaping |.;.............o............ 470
Ophmum DE - Nujira n=6 Shapmg i :

Ssgnal statistics PAPR 7.548

Gain [dB]
1
=

DE [%])

i ) i i 1
025 30 35 40 45 50 58
Pout [dBm]

Cidronali, A., Mercanti, M., Giovannelli, N., Maddio, S., & Manes, G. (2013). On the signal probability distribution conscious characterization of GaN devices
for optimum envelope tracklng PA design. IEEE microwave and wireless components letters, 23(7), 380-382. 23/40



DINFO Nonlinear Vector Characterization:

Dipartimento di

Ingegneria dell'informazione Envelope TraCk|ng PA mOde“ng

3-port ET-PA dynamic model of
- Extracted by a 3-channel Nonlinear VNA based set up
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£ i
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= switch

{

ouT2 ~—
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Cidronali, A. (2017). Local oscillator phase-dependent linearized mixer modeling based on large-signal vector measurements. IEEE Transactions on
Microwave Theory and Techniques, 66(1), 81-90. 24/40



DINFO Nonlinear Vector Characterization:

Dipartimento di

Ingegneria dell'Informazione Envelope TraCk|ng PA mOde“ng

simulation
=— measurement |

simulation
—H— measurement
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Cidronali, A., Giovannelli, N., Vlasits, T., Hernaman, R., & Manes, G. (2011, June). A 240W dual-band 870 and 2140 MHz envelope tracking GaN PA
designed by a probability distribution conscious approach. In 2011 IEEE MTT-S International Microwave Symposium 25/40



Nonlinear Vector Characterization: the

Dipartimento di

Q!lll'@‘ ' | Ingegneria dell'Informazione Dohe rty PA O ptl mization

l/ ¥i! \\\

Si-LDMOS UHF Doherty High-Power Amplifier Design by 3-port
subcircuit characterization

e 1D "‘
extrac. tone } 30 dB \' 3048 uT2
amplifiar :? \

—_—

j ‘,
\.
e/ @xtrac. lone -:-j; 1 26 ¢8 f

amplifier

btk s
2/30d I i )
— 1 | input I K ! {‘«Pzﬁde
R ‘ net. :
i | e
oA
NONLINEAR VECTOR NETWORK ANALYSER ' %
(b) Picture of the 3-port NVNA set-up

(a) Schematic of the 3-port NVNA based setup for the RF devices
pair characterization.

Cidronali, A., Maddio, S., Giovannelli, N., & Collodi, G. (2016). Frequency analysis and multiline implementation of compensated impedance inverter for
wideband Doherty high-power amplifier design. IEEE Transactions on Microwave Theory and Techniques, 64(5), 1359-1372. 26/40



5)!%518& Nonlinear Vector Characterization: the
Doherty PA optimization

Ingegneria dell'Informazione

Si-LDMOS UHF Doherty High-Power Amplifier Design by 3-port
subcircuit characterization
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Cidronali, A., Collodi, G., & Pagnini, L. (2020). High-power UHF Doherty amplifier output combiner network optimization by 3-port sub-circuit
X-parameters characterization. Microwave and Optical Technology Letters. 27/40



DINFO Subsystems for

Dipartimento di

Ingegneria dell'Informazione G a N = b a S e d R a d a r

* Gallium Nitride (GaN) is an emerging s.c. technology for high power, high frequency applications

* We investigated its properties for highly linear Ka-band GaN-on-Si MMIC Down-Conversion Active
Balanced Mixer for Radar Applications

* The conversion properties of a GaN-HEM
contains the LO

2nd order
intermodulation

ylor expansion, where the term v,

ds is set to 0 by
a resonant short
circuit
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Fig. 1. Simulation of the quasi-static g,, and g4s device behavior.
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DINFO Subsystems for

Dipartimento di e
Ingegneria dell'Inf GaN_based Radar

* Gallium Nitride is an emerging semiconductor technology for high power, high frequency applications

* We have investigated its properties for highly linear Ka-band GaN-on-Si MMIC Down-Conversion Active
Balanced Mixer for Radar Applications

* The conversion properties of a GaN-HEMT are described by the Taylor expansion, where the term v,
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Fig. 4. Measured CG with calibrated 4-port VNAIn m mixer vector mode.
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* The self-interference determines
* an increase of LNA noise figure
* higher levels of the required down converter SFDR
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NF increases with the interference strength
* Example of GaAs PHEMT LNA driven beyond P-1dB

* Linear model: bias dependent noise source modulation
* Nonlinear model: noise source correlation and conversion

10 . | T
—_— 9 ~a- NonLinear Noise Model
gs -
= 7 ~&—Measurement
g 6 =g Linear Noise Model
DSRC spectrum at the Rx baseband: subcarrier at 1.5 MHz i 3 T
signal 16 ks digitized by a 16 bit ADC at 40 Msps @3 {
-10 T T T T 2 2 "
— TX on - cammer full-cower 1 -
20- TX on- camer off 3 0 | ‘ |
30— RXon- TXoff | 1
- | | . RE o -T%00 -15 -10 -5 0 5 10 15
2 ki Ll il L ' Blocking Signal Available Power [dBm])
E
= NIin
: - NN
g = -
: (Nlin)

frequency, Hz x10°

Firenze, 13 November 2020 A. Cidronali — Microwave Electronics as an Enabling Information Technology 33/40



DINFO Dedicated Short Range Vehicular

Dipartimento di

ngegneria dellinformazione - Communications technologies

* Canceler operation principle: from the Car
theorem

E=+/|LIZ+|C2 + 2|L[|C] cos(fc — 0r)
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* The canceler for DSRC in real case can effectively
reduce the interference
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Constant high
value v, e ,
Py |

Batteryless Transponder for Vehicular DSRC at 5.8

Conventional approach neglect the importance of the —ir— (Vort':goe%gﬂiler)
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Harvesting Load
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TABLE II: Harvesting performances at comparison with the
state-of-the-art
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