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RELIABILITY OF NANOSCALE DEVICES
IN EXTREME RADIATION
ENVIRONMENTS

ABSTRACT

» Long-term effects hard to predict.

during Irradiation as well as bias voltage,
process and dose rate [1] [2] [3].

 Radiation can heavily affect nanoscales devices’ behaviour.
» Performance degradation and possible failures.

 Transistors’ dimensions play a central role in the current evolution

d The goal is to elaborate a model of performance degradation to ©nMOS - W=1.32,m; L=60nm (ELT)
: ) : i : i 40 -¥nMOS - W=0.12pm; L=10pm
guarantee devices’ reliability in extreme conditions. SAOR - V=1 S L=80nm (ELT)
.. ! ! : . “£pMOS - W=0.12m; L=10m
d Radiation hardness Is a key Issue for, e.g., space applications, S0
rea 10 10

nuclear power plant and high energy physics experiments.
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HIGH LUMINOSITY LHC

J New detectors with higher pixel density. =

3 The LHC running at CERN will soon be upgraded to increase the luminosity up to 5 x 10°*cm™?s~* (HL-LHC).

 Detectors will have to withstand unprecedented radiation. = Total lonizing Dose (TID) up to 1 Grad.

d Will 65 nm technology be viable for the LHC upgrades ?

o N,

MOS technology scaled from 250 to 65 nm. &> High

Ul Luminosity

» LHC

RADIATION EFFECTS ON 65nm CMOS TECHNOLOGY [4]

d The main cause of degradation iIs the radiation-induced charge trapped In
thick oxides like Shallow Trench Isolation (STI) oxides and spacers.

PMOS

spacer oxide
Si nitride

pMOS (ELT) NMOS (ELT)

d pMOS gets asymmetric after few
hours at 100°C under bias.

4 This could be explained by a large
amount of trapped charge In the
source side of the transistor
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d nMOS transistors show an asymmetric behaviour after irradiation at 25°C, due to charge trapping at the drain side

DOSE RATE DEPENDENCE

1 Higher degradation at lower dose rate
» Almost no existing literature for MOS technology

PROCESS DEPENDENCE

d Same technology from different foundries was tested
» Qualitatively similar degradation was observed

OTHER TECHNOLOGIES

d 130nm and 28nm technologies tested
» High degradation even at 28nm [5],[6]
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Viruses and Particles Detection with
Nanoelectrode Array Platforms

The Context

- Nanoelectronics is paving the way for new, 5 v *5* @
~ diverse, More-than-Moore applications. 1+ 1 1w
© Among these, integrated nanoelectronic T T 1
biosensors can bridge the gap between special interest [2]. It allows sensing beyond g)
E ICT technologies and the small building Nanotechnology enables Labs ... on a chip! the electrolyte Debye screening limit [3], ¢ g)
blocks of life (e.g., cells, bacteria, viruses, | L
g DNA, proteins), thus enabling seamless
g deployment of interconnected Lab-on-chip

nalytes 2

= GBqu Electredlyte @A 4 G\w@@: g 2

. @ © &) \ g
potential  for © Dolelaer ®  © ® o g)

A< o Wan’ o @

- - - - - Y -7 | o ®0 0 9% %6 009 2%9 o of o Oa ~O ?
2 applications in environmental, biology, m e | $hi ““Mﬂa@MA@AUMMM
—_ - A Electrode Surface
physmlogy, medlcme and health [1] N A

1. Introduction

The size of things High-Frequency Impedance
Water Glucose Antibody Virus Bact?ryia CancerIIs A period Tennis ball S p eCt r O S C O p y (H F I S) gé

“= Label-free impedance spectroscopy at high- §:

106 107 10°
] ——— frequency is a new sensing principle of 2*

Nanodevices

thus remarkably enhancing the sensitivity ¢

at physiological salt concentration. g

OS Biosensor Platform: Thermal model

sensor measures
microfluidics. The chip
be easily replaced

& We developed a new setup
for temperature controlled

with
can
and

. different fluids brought to
the chamber above the chip.
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_ ° The signal transduction model has been & & Responseto CCMV virus biomolecules AC = Cith bead — Cuithout bead | €
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ELECTROMAGNETIC AND PIEZOELECTRIC
SEISMIC VIBRATION ENERGY HARVESTERS

This poster contrasts the principal characteristics of two equivalent seismic harvesters using respectively electromagnetic and
piezoelectric transducers. The two transducers are characterised by the same base and proof masses and by the same fundamental
natural frequency.

The two systems are modelled with consistent electro-mechanical lumped parameter models, which allow the derivation of a unified
formulation for the energy harvesting.

This facilitates a direct comparison of the electro-mechanical response and energy harvesting properties of the two harvesters.

Electromagnetic Seismic Harvester Piezoelectric Seismic Harvester

The electromagnetic seismic harvester comprises a cylindrical magnetic  The piezoelectric seismic harvester comprises a cantilever beam with a small
element with an inner gap where a coil is housed. The two components are  block mass at its tip. The beam is fixed to the harvester case and is equipped
connected via soft springs and the coil is fixed to the case of the harvester with piezoelectric patches, which are bonded to its surfaces.

T
m

i}

Electromagnetic harvester FRFs Seismic Transducers

« Unified Constitutive Equations

20 F
0 L

Z 10" 102 10°
- f (Hz)

mi

10°

f (Hz)

Frequency domain — complex response:

60 -
T4 ;‘E//\ ] The electro-mechanical complex response of the two
T obo—— o —————— transducers is expressed with two equations, which
ew ' ) consider:
Wf— ————————
b 1 the open circuit transducer mechanical impedance FRF

mi
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. ¢ the blocked and open circuit transducer electro-
wof o~ - mechanical transduction FRFs

Z _ n--' e e Tﬁz fb/ih TeW:eh/Wb

Wb :O ih:O
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f (Hz)

* the blocked transducer electrical impedance FRF
Zei — eh/ih‘wbzo

........ — Experimental results

Harvested Power Maximisation of the harvested power Harvested Power

(Electromagnetic) (Piezoelectric)
0.5
al 0.4F
~ 03} 0.3
& o2 ‘a0 g2}
0.1} - = . .« e . 01}
] T R T P, is maximised if : T
.§3 10’ 10° 10° . g
" f (Hz) . Zh = Zei resistive-reactive 3
2 harvester load O
- —— o 0.15
% 0;? . Zh — ‘Zei‘ purely resistive % g
< 01F 1t
harvester load <
" 005} : B 0.05}

N.B. w=zw, — P, =maximum

10’ 102 10° |
f (Hz) O —> Experimental results
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Structural and functional blood characterization through

electrical Impedance sensing and optical signals analysis
From laboratory to clinic

1) Real-time thrombus formation monitoring 2) Pre-analytical quality controls
> Consolidation of the method > Preliminary results
TECHNICAL DETAILS TECHNICAL DETAILS
= Device (Fig. 1): rrom o N - = Sensor (Fig. 4).
- glass slide, U-shaped gold electrodes - capacitor with parallel planar
and a SIO, layer faces made of copper
- pc chamber, artificial microchannel - dimensions: d = 7.5 mm, | = 20
(width: 500 um, height: 100 ym) mm h=1mm, h'=0.35 mm
* Dynamic experiments under flow: = Samples (Fig. 5):
- sSubstrate of thrombogenic substance - whole blood (hematocrit of 38 = 3 |
- perfusion time = 300 s, Q = 75 pl/min, %)
— _1 _ . . -
Y .1500 > _ TR from _the Cent”fugatlon. Of_ whole Fig. 4 Details of the capacitor for the blood
= Optical measuremen_ts. | ___-gldelr‘ . blood: blood plasma (liquid) and impedimetric components characterization
- confocal laser scanning microscope r— V% whole Dblood concentrated (red
- acquisition of a 2D image Sequence |onductive wires =% % K e cells, white cells and platelets, [EESSSEEEF Soicoas” INeeHinT NN
during the perfusion and a 3D image | L ' g hematocrit of 60 £ 3 %) s plasma  with hemolysis - Gl
sequence att =300 s - from the centrifugation of | , b -
» Electrical impedance measurements: coagulated whole blood: serum | by Sl b g o
- high precision LCR meter (E4980A, (liquid, with or without hemolysis, | wholeblcod conc red clot  white clot
0.1% accuracy, Agilent), 2-wires - _ _ sometimes with fibrin white clots |4 ‘ \
- frequency range of [1 kHz, 2 MHz] Fig. 1 Detals of the device inside) and red clot (red cells, |
- drive voltage of 100 mV EXPERIMENTAL RESULTS [1-4] white cells, platelets and fibrin) b ,‘
. . . - NaCl 0.9 % (physiologic solution o on "
100 occurence: 13% 1 u Real'tlme prOCESSIHQ (Flg 2) . . ° (p y - g Flg 5 Samples analyzed
— 80 . . . with high conductivity) o
2 60 - time evolution of blood electrical = Electrical impedance measurements:
N 40 properties 103 ———rrr——rrrm ———| - high precision LCR meter (E4980A,
2 — - classification of blood behavior o il 0.1% accuracy, Agilent), 2-wires
e 1.%2};2? adll A9 - Identification of critical events | I - frequency range of [1 kHz, 2 MHZ]
100 > | Three-dimensional thrombus volume | | & - drive voltage of 50 mV
& 60 fast reconstruction (Fig. 3) $ | it emoneis EXPERIMENTAL RESULTS [5]
N 40 = ' . : : :
< 20 APPLICATION &  jalthole blood 3| = Real-time processing (Fig. 6):
""";:‘:_::—:a-——-‘“E:? . _ % . .
Blo— 20 g0 180 B6 Bhi = Point-of-Care meqsur_ement_s fqr._ = - y| - nlood components characterization
Time (s) - assessment, monitoring of individual | {| - identification of serum hemolysis
:38 occurrence- 39% 3 thror_nbc_)tic and hemqrrhagic risk M - discrimination of different amounts of
= 50 - monitoring of anticoagulant and - —THlood pasa] cells (membrane capacitive effect)
390 N antiplatelet therapies L | . quialitative demonstration of the high
8 . 10° 10° 10° 10° conductivity of fibrin net
0 60 120 180 240 300 Frequency (Hz)
Time (s) - - . APPLICATION
100 ~ OpF——=—————""————wholeblood . . L
... 5 | Feeumrence: Tods | 4 ~ o i 1l = Pre-analytical quality controls in clinical
P \ 8 ol N redclot aboratories:
<00 * 50 | whomwcemw - hemolysis quantification in serum and
00 60 120 180 240 300 10° “If ;05 10° lood
Time (s) requency (Hz) - fast quality controls of blood before
Fig. 2 Impedimetric classification of blood Fig. 3 Three-dimensional reconstruction of Fig. 6 Impedance signals (magnitude and transfusion
behavior and optical image att =300 s volume distribution at t = 300 s phase) related to the samples analyzed - Interferences and anomalies reduction
3) FluoLab: a new easy-to-use Graphical User Interface (GUI) for the multi-cell functional Ca*™ signals analysis
> Software development TECHNICAL DETAILS
| RESTART | LOAD IMAGES | C:\Users\Denise\Documents\ER primavera 2017\MKs | FluoLab - Graphical User Interface (GUI) (F|g 7)
| mu/pixel = 0.4 Area 80% v  Processing Method Label Concentration (muM) v  Kd | 0.864 :-VFlrst 101 Last: 500 N: 400 T(s): 1 | Total: 399 (S)-;_; _ diﬁ:erent Ce” typeS anaIySiS (platele'[s, megakal‘yOcyteS, mesenChymaI Ce”S)
= e P ,E\er/\/\\\ sl /E\ﬂ - different signal types extraction (mean representative fluorescence, dye
# R i e e vid 2 ) b N concentration [Ca**], absolute or normalized signals, multi-dye analysis)
=~ %9 100 200 300 90 100 200 300 - - - -
Time (s) Time (s) - global or regional analysis (cells, nuclel, mitochondria, granules, exosomes)
Azl EXPERIMENTAL RESULTS [6]
9 0 = Fast multi-cell and multi-region Ca** signals analysis:
= = 0 100 200 300 . L 2 . .
5 348 Time (s) - discovery and guantitative characterization of intra-movements and inter-
; P S I— g £ 2 communications signals
(0 © . . . .
O, 0 1¢[ = T~~~ ~"" - discovery of new biological metabolic pathways
0 100 200 300 S %0 100 200 300 = Automatization and reduction of processing time
" CLEARLAST | Time (s) Time (s)
Limits for X axis Left 0 Right = 399 Limits for Y axis  Low 0 High 4 l COMPUTE | SAVE .mat | SAVE .xls | APPLICATION
Fig. 7 FluoLab (example of extraction of Ca++ concentration) = Bio-Images analysis, metabolic multi-cell models development
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MULTI-VIEW MATCHING

Given a set of object (feature) correspondences Consistency constraint
between pairs of nodes (images), the goal Is to

combine them in a multi-view matching, such that Py = Bk
each object has a unique label in all the nodes. + P;; : relative permutation of the pair (i,j)
%  P;(P;) : absolute permutation of node i (j)
o0
> In compact form:
Q.
P P11 Pig ... Py
X = s 7 = Por Poz o Lon ) 7= XX
P, Pu1 Pz ... Pun
PARTIAL PERMUTATIONS SYNCHRONIZATION FAST EIGENVALUE SOLUTION
(PARTIALSYNCH) (MATCHEIG)

The problem of finding the global labeling can be modeled The method aims at finding relative permutations

as recovering absolute permutations, assuming that a (independent from the size of the universe) instead of

set of relative permutations is known. absolute permutations.

Optimization Problem Optimization Problem

g p, MaxX Z_: trace(PPP}) <= )Igleaéé trace( X' ZX). max (Z,7) = max trace(ZZ"') st. Z=XX g
5 1,]= 2
Ll Ll
g The solution [1] retrieves partial absolute permutations via: The algorithm [2] computes the top eigenvectors of the g
2 |.  Eigenvalue decomposition matrix containing pairwise correspondences and projects <2t
<2t II. Clustering with k-means them onto permutations through a greedy strategy to yield & ==
O Ill.  Projection through the Kuhn-Munkres algorithm. the output pairwise matches. O
= =
= Accuracy Precision Computing Precision >
8 Synthetic experiments Real datasets time Real datasets 8
0 a
L ) 20 ' = 1 Triput MATCHEIG [2] .
2, = 40 | iﬂ?iﬁﬂggcp | - & PRPI%] PR(%]  CM time[m T2,
O ' " ol - n 386 94.40 95.08 4545 . O
& 432 75.11 79.24 5978 &
O @l | e 374 94.35 94.70 6988 O
e T e e it =
& npULEHarrate ;L45 7232 81.01 16754 &

(a) PARTIALSYNCH
396 73.72 88.25 18426

340 DT 92,11 23406
689 55.50 89.06 379545

—>—MatchEIG

L |—¢—MatchEIG-CP 4
MatchALS mno 493 95.66 862221

=
[N

4

e
2.0
&

O
© 0.6
c
20

i
o
1.0

8

0 3 ___.‘-"“5 f o) o
50 150 250 350 450
size of universe

0 02 04 06 038
input error rate

(b) TOTALSYNCH

The method correctly recovers absolute permutations even Extremely simple and fast method, accuracy is comparable
when not all the objects are seen in every node and in the or superior to the state of the art, large scale datasets can be
presence of noise. handled.
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LEAN HEALTHCARE:

evaluating functional and technical outcomes
from both physicians’ and patients’ perpective

Lean Strategy and Lean Application in Healthcare
In healthcare system, Lean Strategy Is to develop
systematic approaches for defining value that integrate
both the knowledge and clinical expertise of healthcare
providers and the patients’ preferences and needs.
Lean applications in healthcare tend towards a tool-
based approach for operational problems, with little
attention paid to defining value from the patients’
perspective (Radnor et Al., 2012).

Importance of the Research

It must be noted that value Is a more complex construct
In healthcare than in other settings, whereas customers
IN other contexts may have the ability to determine the
value they experience, this Is far from the case in the
healthcare context. Although patients can perceive the
value of healing or being treated with respect, the nature
of healthcare Is such that good care does not always
produce good health outcomes and viceversa (Poksinska
et Al., 2017).

In order to have a more precise definition, value In
healthcare should be co-defined by patients, who have
their own preferences and experiential needs (functional
guality) and by professionals, who can tell whether
treatment Is in line with latest evidence (technical quality).
The patient sphere Is not seen as an arena for value
creation and Is thus overlooked (Poksinska et Al., 2017).
The newest suggestion In literature Is to carry out service
and healthcare improvements by both inside-out and
outside-in perspective.

Gap

Lean interventions aim to improve quality by reducing
waste and facilitate flow In care processes.

Most of the research on hospital quality is dominated by
guestions of what and does not go further to investigate
the how, when and why (just content not context).
Success Is dependent on how an organization utilizes,
combines and sequences organizational resources and
routines (Andersen et Al., 2017).

Research Proposal

Scientific Literature assume that too often lean is treated as
a cost-cutting or efficiency approach, mitigating the
opportunity to improve overall care. For being successful,
lean tools must be considered as a part of a
comprehensive management system.

Furthermore the perspective of the patient is not always
considered in order to identify functional outcomes and
value actions. For this reasons, the research Is focused on:

1. Considering lean interventions by using the two
dimensional framework proposed by Andersen et Al,
2017 (readiness of the system in embracing lean
philosophy);

2. ldentifying the functional and technical outcomes of
qguality from the perspective of the patient and also of
the physicians and his staff;

3. Implementing lean strategy and lean tools suitable for
the public healthcare system (hospital) by some kaizen
projects in selected departments;

4. Analysing the results obtained by kaizen actions thanks
to the two dimensional framework by Andersen et Al.
(2017) and in terms of technical (physicians’
perspective) and functional outcomes (patients’
perspective).

Methodology
Action research in collaboration with the University Hospital
of Udine.

2016

2017 2018
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Development and characterization of a Soft
X-Rays Imager Detector for FEL

Motivation and Goals

The growing brilliance of the 3" generation The most important performances [4] of the PERCIVAL detector are:

synchrotron as well as the advent of the Free # Energy range 250eV - 1keV (primary); 100eV - 3keV (extended)

Electron Laser (FEL) source have significantly # Quantum Efficiency over primary energy range >85%

iIncreased the demands for X-ray detectors[1][2]. # Pixel Size of 27 (prototypes: 25) ym

The topic of this PhD (funded by ELETTRA, # Sensor size 2M - 1408x1484 pixels, 4x4cm? ; 13M - 3520x3710 pixels, 10x10cm?
Trieste) concerns the development and # Noise RMS: 15e-

characterization of a detector that is supposed to  # “Full Well” > 107e

meet these new challenges|3]: PERCIVAL # Resulting Dynamic Range 10° photons at 250eV

(Pixelated Energy Resolving CMOS Imager # Exposure modes: - FEL, all photons in < 300 fs (150fs for FERMI)

Versatile And Large) that is a soft X-ray imager - synchrotron, quasi-continuous

under development as a collaboration project
between DESY, STFC/RAL, ELETTRA,
DIAMOND and PAL light sources.

PERCIVAL: the Sensor and the System e PERCIVAL

Sensor Carrier Board  \jezzanine board Example of measurement with .., \
o / (RAL)  (BLETTRY | (DESY) pinhole @91.84eV ofm] e
# 4x4cm? active Imaging area SENSOR 4 v : .

sy

[e], 10™x scale

# Fast LVDS readout (~125 lines at ~460MHz)
# 28000 ADCs

# PGA (Programmable Gain Amplifier) stage
# 15 bit/pixel (12+1bit ovverange+2 bit gain)
# 2 FPGA-based data acquisition boards are in air  power BOARD [y
# Data streamout through nr.8 10Gbit ethernet (ELETTRA) ~»*%

le+05 —

o Data
—— Airy fit
E=91.84eV

d=19.5urm

50 F

le+04

2.4

1000 <
1.8 ]

&= e z 100
o : of|o o )
e ' ‘-——LuuanuaJ—’\

41.2

charge [e]

100

. Marker Board  Plug-in Board
* BaCk'_thmn_ed SENSor The picture shows a (ELETTRA) (ELETTRA) 7 10
# Back illuminated sensor schematic overview . - :
of the whole final. RS g 1 | g
SUPPLIES 0 1250 pus?f;g?] - 3750 5000

Pinhole diffraction pattern Collected charge of the pattern

on column Nr.150
Simulations and alternative strategies

To evaluate the main features of the pixel, numerical simulations using Since transient simulations are very time comsuming we are investigating another

Sentaurus TCAD tool are been performed. approach based on Ramo’s Theorem. Example of application of a 1D P-I-N Diode.
The figures show the 3D pixel model and rappresantive current waveform.

< 10° Total current

Sample generation region on the 1D Diode 457 i ' ' ' . -

4- — Sentaurus i
Path electrons & holes N I —PAML (Crton) :
P_contact R . - | | ITOT}I‘B\L Cl.ljrrent' =7 NS I - H?":_ ~—— RAMO (Drift and Diffusion) ]
%2.5~ .
N-contact ot : eDensity&.hDensity g 5l \ |
i : | 15 -
' I
1 o : 1 o j
< j : P . . . . | e
E ro ] 0 1 2 3 4 5 6 7
|og ~ i (\ Time [s] <10
a5t 315‘ i hDensity eDensity . :
. T _Time The figures show the 1D Diode structure,
 f i ‘ - the eDensity and hDensity dynamics and the
: w : ‘" - comparision between the corresponding
o 1 2 3 4 5 8 7 s al : “ ‘ “ ‘ ‘0‘0’000’ ,o;o"\\ current pulse from TCAD Simulation
; ) . .
i ¥ [u] Himeifs] x10° . M M\\x.‘ ) ‘ ‘\\\\ and output of the RAMO’s theorem including
0'15 0|2 0'25 0'3 0'35 or not the effects of charge diffusion.
The 3D pixel model with the path of electrons (red) and holes (blue) after the generation and the | | | | | X[um] B8 W B W

associated current pulse at the terminals.

The PowerBoard: Design & Measurements

Main design specs: First Tests: Programmable voltage source

The figures show a scheme of the circuitry and the monitored values

# Cooling constraints (componets temperature
(ADC) of a controlled voltage source output.

range is down to -40 °C)
# Design cooling oriented

# Supply the full sensor 4095 = :
# 19 different programmable current sources with pA ontrolled
accuracy DAC = 3000 -
. Voltage source
# 14 different programmable voltage reference
SOL-JrceS | ‘§’ 2000 -
#5 dlffere_nt voltage supplies ADC S
# Monitoring of voltage and current for each source plp—
(72 ADC channels)
# 12 layers 0
% ~15 W power consumption Picture of the POWER BOARD PCB >ensor 6 20600 40600 |655l00
...... GOAL DAC units
— Obtained value
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HIGH VOLTAGE DISTRIBUTION SYSTEM IN
DATA-CENTER

ABSTRACT ZVS PRIMARY AND SECONDARY SIDE
J Today the total power consumption of data centers Is becoming noticeable 0 ZvSatprimary and 1" pee— T e—"
d How to improve the overall efficiency? secondary side | g | i    $” (1% B D = 9
»Reduce conversion steps O Low RMS current Ip NinuEs
»Use high voltage as you can orimary side W RV IR
d Energy management h.as become a key issue for data center — |deaII_y no Q High V. for resonance etdhmmmmeCipmdmetest [ L0 LV L] L)L
consume power when idle and gradually more power as the computation increase voltage e = == | |/ \J U/ VoL
4 DC distribution in data center has different voltage standards O High circulating current &2 o T ST T
, N\ TR L\ s e W W [ERS)
>12Vdc due to hlgh COSS _ ' ' Ty ___ _1 o .Frquenc\; E1?9.81<HzE 1?9.?% 179.2k ff 130.0kE 15,79.5 : |
»>48Vdc o e TR i Y v G [ P R R .
>380Vdc (more promising in terms of overall efficiency) W SLEC il il N N
 Output voltage 1.8V and the output current 350A with high current slew rate o T % ]\ A ey |
d VRM designed on motherboard — high power density LRV
10° | : HH Crse @ 2.0V : g *I"l-??UUUHS. fb%iﬁsgiits .4-16f\f ] : ggsfm : ég?ovv Ei{SSBO.OOUns. i[.]%iﬁsgiits .148f\f ] |
VRM FrROM 48V 1o | g i W M B MR (e feu T, WO, B OEF RN
1 ZVS at primary and secondary side H} J EXPERIMENTAL RESULTS
d Constant ON time phase shift at primaryvn| 2 v 0 Good dynamic performance Jos
side =L . . o STL33N60DM2
o . T wl] 1 High losses due to high C,,; MOS at o
J Fast.phase.sheddlrjg |m|?lementat|on : . SA orimary side 3 002 STONEEME
» High efficiency in a high range of load o™ 0 Efficiency improvement using GaN 3 o
! 3 Transformer bottleneck £
o / ¥ l / ' L ' l J Rectification problem 0,84
X\ 3 TSW/2 o E .« . . . 082
- Bt T J Driving system primary side to be i
| |1 | e A | | /—\ . )
| | I | , l I | | Improved 0 10 20 30 40 50
% Ll N E o Output current [A]
—— q' e — =S - : ' ' : iR 0 N T VO T 3 G
— e = ————— = R ISOLATED RESONANT MULTILEVEL MULTIPHASE TOPOLOGY FOR 380V VRM APPLICATIONS
E e =y 1 ; 5: i { 1 O Buck derived topology that can performs .
bl = : Ll f —— a VRM function —E} L
| N RS | 1 | 1 . . . . r ou
i ; - 1 : = - T Ves. g 1 High efficiency due to ZVS primary and v e

secondary side T |
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[ Higher power density with integrated magnetics 9 O Half-bridge multilevel structure in phase- | + [ %F
- shift constant ON time 0 o | L
foss 3 Multilevel structure (primary MOS Sl
Sos 250V related)
o84 1 Lower transformer turns ratio
082l i J High power density solution closed to
Yo w0 0 5 200 250 POL

Output current [A]

A Iy pms = 400mA @ I,y = 0A

DC-DC RESONANT CONVERTER 380V 10 12V d ILT s = 1.254 @ Iout = 60A4 \
3 Solution 380V to 12V regulated S

T SO I_KI"_I |
i T lel |
(] Based on resonan.t.topology with . T1 . o de [ CONTROLS SYSTEM
center taped rectifier Vi sx1 |~ st T — - . , | | | | |
O N=85 L, — 488uH, L, = - : o 1, = 1204 (2 cells implemented) ———
Ty Hr T . » Hout T L | 1+ 1 Vout iati i 550k Hz"~
18uH, C, = 127nF, ONy.. =] * T . - +_!;ﬂ’tﬂ miEsay Q d Low frequency varla’_clorlmchzingmg I,¢ o i?ﬁiﬁ? ]
2000n s _ :} J:} E T [ 1 : EE | 400k Hz"~ |
O Control system at secondary side e e %’ 0 o 1T 3
J Secondary side MOS related 120V . ' - g ST A T >
O Primary side MOS related 550V (STL33N60DM?2) S ) | ) . | | l . | |
Vw:"f - W Wpws 0 10 20 30 40 50 60 70 80
PID » VCO > MUX c I Iout [A]
THERMAL CAMERA EXPERIMENTAL RESULTS N AP J Voltage Ioopols ba.f,ed on a frequency control
.. PROTOTYP e S J Current sharing will be implemented

Due to high T

MOSds

& 130mm Se—— 900
oad [A] > 2 2 mm 2. 700+
EI AT = 52°C, T, = L 16mm ) x \ . . , , =
@O core 5 C’S prin,MOS % 100 200 300 400 500 600 700 80 %600‘
54°C, T = 35°C 100 freq [KH7] E
sec,MOS 5001
J 20 layers 70um
w 180 400 -
§.175 D CW<50pF 3)0: L 1 1 | | 1
Z 170 e 100 200 300 400 500 600 700 800 900 1000
freq [KHz]
e 0,94 Pareto losses
160 — 0’93
0 10 20 30 40 50 60
Load [A] 1 Om 0,92 4,5
o S 0,91 4
o > 0,9 3
24 8 ’ 3
z 2 i T 089 Y
= 20 ] = 0,88 2
5 15 |Due tohigh T, - | D gy g .
S 16 = i ; ’ !
_ o — 5 0,86 1
d @50A Tgpre = 57°C, Tyrimos = £ 37mm 0,85 . -] B .J di a1l
67OC, TseC’MOS — 8OOC 28mm 0,84 0 . o=w .
Rac(@250kHz)=10hm using PCB with N=10 0 10 20 30 40 50 60 70 Pdrive  Pmos_p  Pmoss  Pwind Peore
Rac(@250kHz)=600mOhm using litz wire with N=8.5 Load [A] MOA MOOLSA HI323A WI9,78 H35 H50 mE0
DOtt RObertO RlZZOIattl [1] LA BarrosoandU._ Holzle, “The Case for Energy-Proportional Computing,”IEEEJoumanfComputerSociety pp. 3337, Dec 2007. RESU LTS AND ACT'V'T'ES
- - . , A. Zolj, D. J. er, and B. J. Sonnenberg, ‘Power m itectures for istribution in Telecom Datacenters,
Prof. Stefano Saggini et ey Conk INTELEG) 2013, G 0L, v ystem Archeces for 350V DC. Distibution n Teleoom Detaceners” Int | , . o
[3] P Alou, J. A Oliver, O. Garcia, R. Prieto and J. A. Cobos, "Comparison of current doubler rectifier and center rectifier for low voltage applications;” j VRM from 48V Wlth 934 A) Of Eff|C|ency
| N fo . Twenty-First Annual IEEE Applied Power Electronics Conference and Exposition, 2006. APEC ‘06., Dallas, TX, 2006, pp. 7 pp.
) [4] Jian Sun, K. F. Webb and V. Mehrotra, *'Integrated magnetics for current-doubler rectifiers,” in IEEE Transactions on Power Electronics, vol. 19, no. 3, pp. 582- ' : o) P
Email: 590, May 2004, 380V to 12V with 95.5% of eff|C|ency
all. [5] I?Dauéc\{ﬁafrrlan azg\l/ﬂljltlﬁrld%o Ig)livelilrza,E EAAI;I re]dEgﬁcie IeI(—:Itirgh De(r;solt;{: \b(ljta&ol;{ uI]%.té):r1I;3))esigrl1 1Pcr)<34\1/i<31in O%R 12,0 Compliant Power to a Microprocessor j f f . o
: : . . in oma ’, Proc. plied Power onics Conf. an . 13, pp. , 2013, -
rizzolatti.roberto@spes.uniud. it 6 Gl ket it Conbt Sl D' Sefeno S Rt Rzt 4t 2V ol et Convertrwih il Cnl Improve efficiency dc-dc resonant converter 380V to 12V up to 97%
stefano.saggini@uniud.it [7) St Saggin Osveldo Zambe, Roberto Rizolt, Alesano Zafarne, Paolo Ssccon st ResonentFulBrcge Converte with egnetc i, J Prototype from 380V to POL will be realized based on multilevel resonant topology

[9] Yeaman, Paul,”High Current, Low \bltage Solution For Microprocessor Applications from 48V Input.” PCIM Europe, May, 2007.
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Kirchhoff’s Laws and
Energy Minimization in NCFETs

AT A

@ Context: Era of Dark S|I|con _

AT

 Today’s eIectronlcs has to be hlghly energy-efficient to meet requirements of severely
energy constrained applications that developing in the Internet of Things scenario.

 Dark Silicon: to meet power constraints in ICs, a large fraction of the chips is

underclocked and underpowered.

* To reduce power consumption, without degrading dynamic performances, new device

concepts are required.

« A promising device is the Ferroelectric Negative Capacitance Field Effect

Transistors (NCFETs) [2!

(2 Minimization and Kirchhoff’s law in Ferroelectric NCFETs. 7

%10’

Paraelectric
capacitor:

2
g—c ane(Qfe) —
ane

IIEnergy [J/m2]

Ferroelectric
capacitor

--0.3 -0.2 -0.1 0 0.1 0.2 0.3

Q [C/m?] ferroeletric materials ?

= % (aQf. + bQf, + cQFe) tre]

For ferroelectric capacitors the static voltage-charge relation V¢, (Qy.) is obtained by minimizing the total
Gibb’s energy (resulting in the steady-state Landau-Khalatnikov Equation -LKE- ):

— er(Qfe)

* For conventional semiconductor capacitors, instead, the voltage-charge relation ¢.(Q;) is obtained by
solving the Poisson equation with appropriate expressions for the carrier concentrations

* In the NCFET, what approach should be used to analyse gate stacks consisting of both ferroeletric and non-

- Minimization of the NCFET energy VS enforcement of Kirchhoff’s laws (almost universally employed!3-4])

Theoretical frameworkeas,

* 1stapproach: Kirchhoff’s voltage law for the series of capacitors

a) equate the shared charge: (¢, = Qs = Q;

b) Kirchhoff’s voltage law: V¢, (Q) + ¢5(Q) =V, (1) = solve for Q

BUT: Does Q from Eq.1 minimize the total energy of the system ? [l

e 2" gpproach: obtain Q by minimizing the overall Gibb’s energy

-[(aQ? + bQ* + cQ%) tro+ Us(Q) — QU] = 0 (2) = solve for Q

H/_/

LKE
where QVj is the energy of the stimulus and Ug(Q) the energy of the

semiconductor.
BUT: Does Q from Eq.2 to satisfy Kirchhoff’s voltage law?

* The energy delivered to the semiconductor (or any capacitor) is:

+ oo + oo Q
U,(Q) = f (Power)dt = f (0o(t) - dQ/dt) dt = f 0.(q) dq
0 0 0

= aUs/aQ = @s(Q)

Eq.2 equivalent to Eq.1
= APPROACH 2 equivalentto APPROACH 1

YLy ,ﬁ (4) Numerical validation

 Results of ad-hoc NCFET Schrodinger-Poisson numerical S|mulator [6]

C
@
(© -
Ol o
= n
D
O
(O| O
4 D g
Vp)
\—
L | 1 L | H g
-0.2 -0.1 0 0.1 0.2 0.3 0.4
V., V]
g
N sk o= Energy at Vg1
(_) [j__{:]liruarggy'at'\f 5
©f = o oo —aU g
O v ks ~ =
| = — @
DD E S5F a -
Ll — D
Q 2 w 9 >
- S -10 | -
i 5 - = =
2| sk Minima |
N Q1 Y Qe
L | 1 | L | L | 2 | X |
0 0.5 ] 1.5 2 2.5 3
Q [nC/em’]

= At a chosen V;, the corresponding charge @, computed from the
Poisson simulator identifies univocally the total energy minimum Ul

[7] T. Rollo et al.,,

IEEE EDL, 2017/.

Nano Letters, 2008.
|EEE EDL 2017.
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DYNAMIC MODELING AND SIMULATION
OF FLEXIBLE MULTIBODY SYSTEMS

Why modeling flexible multibody systems? Comparison of Model Order Reduction Techniques
e Nowadays, in industrial robotics the demand for better e The ERLS approach has been implemented in combination
performances and higher speed operations is increasing. with different reduction techniques (i.e. Craig-Bampton,
 Due to the dynamic effects of structural flexibility that arises in Interior Mode Ranking, Guyan, Least Square Model
lightweight systems, design and control become more difficult Reduction and Mode Displacement Method) [4].
and challenging. * These techniques have been applied to a L-shaped system
* For these reasons, accurate dynamic models of flexible under different input conditions (gravity and step torque).
multibody mechanisms and manipulators are needed. * The accuracy of the models has been numerically evaluated
through a comparison in frequency domain (Fig.3),

Equivalent Rigid-Link System (ERLS) formulation computational time and by means of modal vector
correlation methods, i.e. MAC, NCO, CO (Fig.4).

* In the last years a formulation based on an ERLS has been

developed and applied for several purposes [1].
* This approach is suitable in the case of large displacements and Future developments
small elastic deformations.

* |t enables the kinematic equations of the ERLS to be decoupled Comparison of Model Order
from the compatibility equations of the displacement at the Reduction Techniques on a
joints. two (or more) degrees-of-

* The absolute position vector p, of a generic point inside the j-th freedom mechanism.
finite element is given by: p, = e + u, where u, is the nodal Experimental tests.
displacement vector and e, the nodal position vector of a point Development of real-time
of the i-th element of the ERLS (Fig.1). control systems for flexible-

link robots.
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Comparison between Finite Element Method (FEM)

and Component Mode Synthesis (CMS) approaches

* The ERLS approach, firsly exploited through a FEM approach
[2], has been recently extended through a modal
formulation, i.e. CMS technique [3], so as to obtain a more
flexible solution based on a reduced-order system of
equations.

e The two formulations have been compared by means of
numerical simulations on a L-shape mechanism (Fig.2).

[ The results have been evaluated in terms Of dynamic 2 . ) 8 10 12 14 16 18 2 4 4] ! 10 12 14 16 18 2 4 6 8 10 12 14 16 18
behaviour and computational time (more than 80% of ) A S ey ek
reduction with 14 considered vibration modes). Fig.4
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Optimization of Selective Laser Melting
process parameter

Selective Laser Melting:
High-performing Additive
Manufacturing technology for metallic
materials (e.g. aluminium alloys,
high-alloy steels such as stainless
steels, titanium and nickel-based
alloys and many others).

 Aeronautical,
aerospace and
automotive

 Biomedical

. and dental

Features: | | o
* Innovative design solutions thanks to the feasiblility of complex

geometries
» Excellent physical and mechanical properties of both bulk and .

* Industrial

surface components f
* High dimensional accuracy and surface quality P . Wy
\_ J U mold with integrated cooling channely

description Too low |Too high . Resolution and
Spot size: . . .

D Low build | poor level Part Required | | Build rate dimensional
diameter of the - . . . accuracy
aser heam rate of detall dimension| | resolution target

Trace distance:
distance between
the axes of two
successive molten
track

Spot size and layer thickness
selection
Laser power/Scan speed DoE for
trace width evaluation

Calculation of:
 Contour distance
 Beam compensation

Laver thickness: .
_y | ow build
thickness of each :
rate
metal powder layer

e aesthetic/surface
quality:

Scan speed.:
speed of the laser
spot displacement

Sintering |accuracy Delays
effect due |problems

to non due to poor

complete |control of

melting of |the molten

Laser power/Scan speed DoE for
the powder |pool part evaluation

Laser power:
power of the laser
beam

* mechanical
properties:
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MULTIVARIABLE MODELLING OF THE DYNAMIC
RESPONSE OF PROFESSIONAL WASHING MACHINES

Introduction

Energy saving and performance, are the main drivers of companies producing domestic and professional appliances.
All components of a washing machine should therefore be optimized to reach higher extraction speeds and reduced vibration
levels. This Is central to Improve machine efficiency and to satisfy costumers' requirements.

Research plan

« Develop a 1D lumped parameter model of a washing machine  + Extend the model to multiple degrees of freedom
 Model time-spatial unbalance properties for different working ¢ Develop a multivariable analysis

cycles * Optimize the main components of the machine In order to
« Simulate and validate the model reduce vibration and to increase dewatering
Machine Model — 1 Dimensional Retention Model — 1 Dimensional
During the extraction phase, the increased rotation speed of
The vertical oscillations of the clothes washer were the clothes washer intensifies the “retention force” which
modelled with the following second order differential controls the dewatering and thus influences the working time
equation: and unbalance conditions. For a pours media the radial flow Is
regulate by the Non-Darcy's law while the retention R
M;,:(t) y(t) + c sign(y(t)) + ky(t) = F(t) describes the amount of water in the textile.
where the unbalance effect produced by the washing load _0_29 _ K N 5
was modelled with a vertical force: or kT P vr
F(t) =my () r(t) w(t)*cos(w(t) t + @) RY4=100 2tot—Mdry
Mdry
Simulation Simulation

Water retention for a cloth during the extraction phase.
Initial simulations have been carried out considering the
angular rotation of the clothes washer undergoes a ramp
followed by a constant speed time history. V, Retention curve

0 Envelope of vertical movment
y o(t) \ P P2 \ \ / /
/

N

Retention

kB
N/
p

Time

Time

Future work

To design and build a test rig for the characterisation of different
textiles in terms of permeabillity

To validate the SDOF and MDOF models

To optimize the washing cycles in such a way as to minimise the
unbalance effects and thus a) reduce vibrations
b) reduce cycle time
l.e. reduce washing costs
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The European Monitor of Reshoring &
The Drivers of Reshoring Strategy

L1 Wan Prof. Guido Nassimbeni
Emal: wan.li@spes.uniud.it Email: guido.nassimbeni@uniud.it

What is European Monitor of The EMR Results Near-shoring: EU Companies move
Reshoring (EMR)? 03 manufacturing activities from

20

” offshored country to near country
The European Monitor of Reshoring is an 70 within EU.

60

online database. It collects information on - -

reshoring cases from several sources (e.g., . Back-shoring: EU Companies move

media, specialized press, scientific EurOfOu nd ” 5 . manufacturing activities from

literature). It is organized through a o —— _ — offshored country back to home
Near-shoring  Back-shoring Euro-shoring

secured access and updated regularly. country.

 Euro-shoring: EU Companies move manufacturing activities from
Collaboration between Eurofound and four offshored country(within the EU) back to home country.

Universities

The EMR Results: Reshoring country

Number of reshoring cases per country

30

_ UNIVERSITA , ,
degli STUDI DEGLI STUDI 3 . ..
di CATANIA DE L’ AQUILA | | s 25

Project period: 2016-2018 ' @ -

Reshoring — “the relocation of value creation tasks to

from offshore locations to geographically closer ;

The EMR Results: Offshoring locations such as domestic or nearshore countries ) ... e

(Fratocchi et al., 2015). o
Country = United Kingdom  ®Italy ® France " Germany

H Spain H Norway H Poland H Sweden
Portugal ¥ Belgium Denmark ¥ Finland

Ireland Estonia Austria Hungary
offshorl n
= West Europe & ® Netherlands

™ China l l
" East Europe . . .
. I _ Top 3: United Kingdom Italy Germany

2

“ Other

West Europe _
36%
reshorin

g Location (Where?)

Domestic Foreign

“... the
relocation of
earlier offshored
activities in the
home or in
nearshore
countries ...”

Reshoring Strategies

bulanos-no

High proportion of reshoring from WE, motivated by: Location decision

* exploitation of untapped capacity at home &
* reorganisation of production sites Entry mode decision

Ownership (Who?)

(Fratocchi et al.,
2014)

Bulanos-u|

On-shoring Off-shoring

Drivers of Reshoring Strategy Key Findings

Reshoring strategy is fundamentally a decision
concerning location and entry mode
Firm size Firm size Offshoring entry mode choice significantly affect

| reshoring entry mode choice
Home country Offshoring Reshoring Home country
us Entry mode Entry mode us Insourci ng

Trryr— s Insourcing =» Insourcing @ Outsourcing => .
hsiz fsia Outsourcing

distance distance Offshoring Outsourcing Reshoring Outsourcing

Reshoring

motivations + Cloth|ng + CIOthlng

Entry modes: outsourcing vs. insourcing + Automotive — Government incentives
Effect of offshoring entry mode choice on reshoring entry + SMEs

mode choice

Industry Industry
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Managing the evolutionary path in Sales
and Operations Planning

Sales and Operations Planning (S&OP) is a key process
that improves integration and communication between
business functions and aligns the plans of a company
INnto one Integrated set of plans. My research focuses on
the so-called S&OP “maturity models”, which describe
the successive stages in the advancement of S&OP
process according to a precise set of dimensions. The
weakness of these models Is that they are specifically
thought to plan the transitions towards advanced stages,
but do not provide guidance on how to execute them.
Therefore, the aim of my research Is to address this gap
by Investigating how the dimensions evolve and interact
during the transition from one maturity stage to the
following one.

Starting from a literature review on S&OP maturity
models, | identified the S&OP dimensions and stages
usually acknowledged in the literature and developed the
maturity model presented in Table 1.

The model was then used to analyse three cases of
transitions In three different companies that recently
iInvested to develop their S&OP process: a transition from
stage 1 to 2 in Company A, from 2 to 3 in Company B
and from 3 to 4 in Company C.

The three transitions are summarized in Figure 1: the
rectangles represent the main steps the companies
passed through and the letters are related to the
dimensions that were most involved during the execution
of each step. The comparison between the three
transitions shows that there is not a unique temporal
seguence that must always be used to develop the
process dimensions and that the degree of

Table 1. S&OP maturity model

“seriality” of this sequence depends on the maturity stage
of S&OP process. Indeed, while in the less evolved
transition the dimensions were developed in a “serial”
way (i.e., one dimension after the other), in the other two
cases, and especially in the most advanced one, some
dimensions were so interdependent that should be
addressed simultaneously, making the transition more
difficult to realise. Finally, the study reveals that the
importance of “people and organization” dimension
iIncreases with the S&OP maturity stage, becoming the
main object of investment in the most evolved transitions.

Company A - P
Stage 1 — 2 0~ M—M
Company B M P
Stage 2 —» 3 .
Company C o o

Stage 3 —» 4 0 M | M o o

Figure 1. Summary of the transitions. Note: O = "people and
organisation”, M = "process and methodologies", IT = "Iinformation
technology”, P = "performance measurement".

As regards the theoretical aspect, the study innovatively
contributes to existing literature on S&OP maturity
models by proposing a model that is focused more on
real execution rather than on process planning.

As regards managerial implications, It is possible to
derive the following guidelines: (1) the need to invest In
all S&OP dimensions to reach the subsequent maturity
stage, (2) the advice not to underestimate “People and
organization” dimension, (3) the possibility to prevent
possible failures by considering how the dimensions can
Interact over time.

S&OP Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
dimensions No S&OP process Reactive Standard Advanced Proactive
People and |Silo culture domination |Some collaboration Excellent commitment |Collaboration with main |Involvement of the

organisation between functions

and formal S&OP team |customers/suppliers

entire network

Process and |No formal S&OP
methodologies |process

Emerging but still
Inconsistent process

Formalised and
structured process

Process balanced with
the external partners

Event-driven meetings

Information
technology

Personal spreadsheets |Functional IT solutions |Integrated planning
software

Technology that links
all the supply network

Technology to access
external partner data

Functionally specific
metrics

Basic measurements

Integrated internal
supply chain metrics

Measures of impact on
the ecosystem

External supply chain
metrics
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Statistical fluctuation Effects on Nano Electronic Bio-Sensors

Motivation: The development of new nanoelectronic y Simulation platforms to investigate fluctuation:

biosensors is attracting increasing attention, especially for § we started the analysis using the following simulation platforms:
screening, safety and diagnostics. CMOS nanoelectronics is an | ENBIOS (in house tool) and COMSOL Multiphysics solvers of the dc and

ideal technology platform to fabricate sensors with high | ac Poisson-Nernst-Planck equations; NETGEN mesh generator and
sensitivity and low cost, thus potentially enabling personalized [ MATLAB data analysis toolboxes.

!’%‘Y

« . . . . . | <7 ““'MW‘%‘“" A _
medicine and early diagnostics, and paving the way to dramatic ﬁﬁ%@ﬁ@%ﬂ“”ﬁ%‘éﬁ%ﬁ%
improvements in our ability to fight diseases and quality of life. éﬁ%ﬁf‘"‘*{”gﬁg
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Challenge: The goal of our PhD is to do mathematical Lt sann L
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modelling and simulation for nano-electronic bio-sensors based ﬁ;gau*-»m%a%’
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Objective for the first year: U\ ok SRR R R X
Development of models to investigate statistical fluctuations in || The figure shows the grid and height map for one rough electrode.
" 10mM - 2D map of AC potential <104 . : 10
nano-electrode array biosensors. 01 : 01 2= 2D map of AC potential 10
0.08
- 0.08 .
Case study: High-f imped t CMOS
. High-frequency impedance spectroscopy l, !
0.04 0.04 i

platform based on nanoelectrode array

0.02 B 8.5 0.02

g a8
-0.02

y [pem]

75

-0.04

3 -0.06

-0.08

6.5
S 0.1 .l
0.1 0.05 0 0.05 0.1 -0.1 -0.05 0

X [pm] X [pm]

B

Schematic of the electrode

1
S, =
Figure shows the 2D map of the ac potential at the surface of a smooth
(left) and roughened (right) electrode. 1 nm r.m.s. roughness

capacitance Results:
C.,, measurement circuit AFM images of the nanoelectrode array We compare the electrode capacitance spectra with (dashed) and
o . w/out (solid) surface roughness. Roughness increases the effective
Sources of Statistical Fluctuations: electrode area, hence the capacitance. The effect is more
Statistical fluctuations affect many aspects of a CMOS nanoelectronic pronounced at large ionic strength (thin electrical double layer).
biosensor. Each is described by a proper random process and PDF. . xt0™ . 10714
. . . - — _I_ — N | —
* Electrode geometry ~ * Characteristics of read-out transistors ) _gggm _ggmm
. Ii;ljr:ac-e Iroughnet§S [B)-Irﬁ an.d TUSt- 3 0.5nmrms. = 150mM T ST nmems —150mM -
¢ aterial properties ° I010EICal NolIse P R
PTOP & § surface § surface roughness
, & 2L roughness S 2 |- .
Broken columns (systematic) = =
= i £ —— S
(© ©
40 | O 1F © 1
ol Row-to-row fluctuation
2 o Column-to-column fluctuation () el 00— """"4' S """"6 ‘
o : (read-out circuits) 10 10° 10° 10 10 10
| s | | Frequency [HZz] Frequency [HZ]
o | S ( Dirt or processing damage
160 FUS | Sl The figure show the switching capacitance for flat (solid) and rough (dashed)
180 f : | 3 o electrode surfaces. Capacitance is proportional to the electrode area and field
200 "“-5'20 - 5 BTt 1;0 i - 1; - intensity, hence larger for rough surfaces and thinner electrical double layer,
Columns that is, higher salt concentrations.

The figure shows the map of the nanoelectrode capacitances in the Future activities
array during measures in air. We clearly see many source of systematic

e We plan to extend the analysis to other sources of random fluctuation
and random (local and global) variation among electrodes.

and to develop statistical compact models to understand signal-to-noise
ratio and limits of detection.
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FPGASs for real time particle trajectory
reconstruction in the ATLAS experiment
at the LHC

1. Introduction

The ATLAS experiment is planning an important upgrade, involving the | LHC

replacement of the present Inner Detector (tracker), and of a large part of the | | | Run 3

electronics for the trigger and data acquisition, in view of the increase of the Lst ra7oy BEH 13514 Tev 14 Tev UAC.
LHC accelerator luminosity foreseen for the Phase-Il operations. The project rroy 3Tev | T ey g, | HLwRC |
presented here is focused on a contribution to the development of a ] T W R B il EEERR—— TR,

communication and data process software design for this new Inner Tracker rerrdl t
. : : 2 x nominal lummodﬁ;nage experimen
(ITK) USIng FPGAS. ;Lgr}:;‘%a;n ehiél;ﬁll'lgggts W g experlpmhznsteurgrade — — upgrade phasez
~ e —
Q Detector characteristics - e of the LHC Ph ' ot
: imescale of the ase |l projec
Muon Detectors Electromagnetic Calorimeters ] Width: 44m Prol
— Diameter: 22m
< Weight: 7000t

Sotengid ‘ R RV 3. Tracking challenges at HL-LHC

Forward Calorimeters
End Cap Toroid

S — % The Tracker is the inner part of the ATLAS experiment, and the closest to the
\iz o a = proton collision point. The Tracker measures the direction, momentum, and
charge of electrically-charged particles. The high luminosity upgrade of the

\ - == _ , , LHC (HL-LHC) in 2026 will provide new challenges to the tracking detector.
/ 4\ N — = B | ' The so-called luminosity is an accelerator parameter related to the number of

proton collisions per unit of time. The delivered instantaneous luminosity under
HL-LHC conditions is expected to be in the range 5-10%* to 7.5-10%* cm=s.
2 —— | This leads to a very high number of additional proton-proton interactions, in
e— / S22 addition to the one we want to study, called pile-up. To cope with this, an

* ‘ - accurate reconstruction and selection of tracks and an efficient rejection of
pile-up jets is crucial. In ATLAS the current tracker system will be replaced by a
new one, called ITK, consisting of a five barrel layer Silicon Pixel surrounded
by a four barrel layer Silicon Strip detector.

N

! I = I A R L R N
Barrel Toroid o —— | . Shielding £ 1400—ATLAS Simulation Internal ]
Hadronic Calorimeters o ~ Inclined =
1200 n=1.0 —
ATLAS layout before the upgrade - ~
1000 -
800: 1’]:2.0 l
2. The LHC accelerator and the ATLAS experiment soob. -
| | T 130
The Large Hadron Collider (LHC), at the CERN laboratory (Geneva, CH), Is a I St sooE T E
research project which uses state-of-the art instruments and technologies to ' matte ceNRRRLE = o e AT B R R seet R LR
explore the outer reaches of our understanding of the Universe. FPGA dev kit KCU105 from Xilinx O 500 1000 1500 2000 2500 3000 3500
In order to explore the fundamental nature of matter and the forces that shape _— z [mm]
_ _ ] o _ One configuration for the ITk layout
our Universe, high energy particles collisions are performed in controlled (pixel tracker is in red)
conditions. Protons are accelerated in the LHC, an underground accelerator 4. |ITK and FPGAS
ring 27 km long. The particle beams, travelling almost to the speed of light, are

Sr:ee,&?l'dLX)SC(d)”Ide’ at a r(]:_e?]ter Oli mass enerfgy of abou; MhTe\é’ In the n_uddrlle of The thesis work will be centered on the development of a part of the Read-out
the etector, which makes a sort of picture of what happens in these system of the Pixel part of the ITK sub-detector. This read-out will make use of

collisions: according to the Einstein equation E=mc?, the colliding proton

. . . . FPGAS.
energies gives rise to (hundreds of) new particles, most of them already
known, but some which can constitute a new discovery. It is the world’s largest
general-purpose particle detector, measuring 46 meters long, 25 metres high
and 25 meters wide; it weighs 7000 tons and consists of 100 million sensors.
Studying the particles produced in these collisions, through their interaction

with the material r\]N h'Ch compoies the vgmous layers _cl)_f thth-I;LAosl dete(t:tc|>r|, we designed to provide a maximum data rate of 5 Gbit/s and will have over 1000
can reconstruct their energy, charge and mass, unveiling the fundamental laws data links. Due the highly parallel structure in the readout system and the

of nature. flexibility of easy reconfiguration FPGA-based solutions for the digital data
acquisition system (DAQ) are currently under evaluation. Several laboratories
are developing prototype readout systems to be used to test the ITk prototype
front-ends, including Udine.

A Field Programmable Gate Array (FPGA) is an integrated circuit designed to
be configurated after manufacturing by a design first a than a synthesis
process to implement complex digital circuits.

The advantages of using an FPGA are: fast time-to-market, low cost to create
prototypes, re-programmability, re-usability. The ITk front-end chip will be
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lterative solution of eddy current problems
on polyhedral meshes

INTRODUCTION CONVERGENCE (2) PO T— A VERN VE ) Horston (1008 ——
This work concerns the computation of the current induced in frequency and a variation * \ o |
conductors surrounded by magnetic fields at industrial frequency. with increasing : |
Advantages of the integral formulation in [1]: mesh density (e=1078) ol L |
* only conducting domain discretization is needed; T v S R P a—
* domain discretization realized with arbitrary polyhedra. . . Frequemyvaﬁ:::zr:::.tz;aﬁon;a=o.1] , i}
Disadvantages: ' |

200 [~

]

* the system to be solved is: _
(Kr+iKy)T = by, (1) BRI ENNEREC_, a7
where Ky is a sparse matrix while K, is fully populated.

lterations
o
o

50 1 1 TR N TR S N | I 1 RN TR T R T | L 1 IR SR W N N

Frequency
ITERATIVE FORMULATION Fig.2 Final iterations with varying alpha parameter and frequency
[ Start J . . Plate size increase _---
I Inspired by [2], the problem is behaviour O, Value 1 05 0.01
h = 0: Intd reformulated as the fixed point lterations 5 30 964
0 —n- . .
vt be. iteration
K T" = —iK, 'Ky T" '+ K;'bs(2) NUMERICAL RESULTS
n=n+1; a) Simply connected domain: sphere in a uniform magnetic field
nn—1 e . . Imaginary B field along x-axis line
Tt Novelt!e:s with respect to (2.). TuSpheremesh e e T e -
fromT "~ 1; Eventualy apply |* avoiding the computation of K, | > _ "
Solve the linear relaxation; . . . o E 02
system x by directly computing the right- |
K Tn — . . i §0-4 * lterative code )
B 14, hand side of the equation at each : i it I
fixed point step, using the Biot- - | | | | | | | | |
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Savart law; X VI8 [
 treating not simply connected , gt Imoploay B feld eroor along xsis line [
Imaginary HLLCEIT 25
conductors. current solution 75+ AN & .|
The problem equation to be solved -6 Soetanannit RN
=10 REL2] 2 | ]
consequently becomes: =05 ‘ 40;
n __ . aHn—I1 —VU. ol |
KRT o ZM@C _I_ bS (3) Total iterations: 38 % 0.01 0.02 0.03 0.04 0.05 o.los 0.|o7 008 0.09 0.1

x value [m]

Fig.3 B field comparison with the exact analytical solution and
absolute error

Initial tests were performed on a p) Not simply connected domain: slab with holes
square plate: original dimensions are

20x20x2 [mm].

Imaginary J solution
Pl e

Mesh solicitation with vertical field

=D Three different meshes  with, B=1T, p=10~502-m, =50 Hz
: respectively, 32, 256 and 2048
elements were used. £=107°, Iterations= 3
Fig.1 Platé discretization (32 volumes) e MBTAHONE VS Relatlve oot [ B0HE ]

—
o
i

V]

CONCLUSION
The convergence of the method has been shown to be dependent by
overall mesh size and skin depth as also reported in [3]. Consequently,
- the method is particularly effective to treat problems with small
- domains and relatively high frequencies or large domains with high
~resistivity. Possible applications might thus be in biomedical engineering
or in geophysical inversion methodologies where these parameters

—
=
4]

CONVERGENCE (1)
number of iterations
with a variation

=X
2
B

Current update
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Positioning using LTE signals

MOTIVATIONS AND APPLICATIONS

The Global Navigation Satellite System (GNSS), which provides
autonomous geo-spatial positioning with global coverage, is
the most used and famous positioning system. The main
problem of GNSS is the large position estimation error in no
line of sight (NLOS) conditions, such as in indoor and urban
canyon locations. It is therefore necessary to have good
position estimates in environments where the GNSS fails. One

method to attain this goal is to exploit the 4G LTE cellular
system.

LONG TERM EVOLUTION (LTE)

LTE is a standard used for high speed wireless communication
based on OFDM modulation.

The standard is developed by the 3rd Generation Partnership
Project (3GPP) [1]. In the LTE standard a Reference Signal can
be used for time measurements.

{
AM |
03 0.35

025
ttttttt

represents

tttttt

Signal obtain

acquisition. the time when the reference
signal arrives at the receiver.
POSITIONING

The most common positioning setting consists of some
anchors with a known position and a blind node in an
unknown position. The positioning process consists of two
main steps [2]:

1. Measurement phase

2. Localization phase
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MEASUREMENT

A positioning system exploits the parameters of a received
signal which are later used in the location phase to estimate a
position.

The most common measured parameters are:

Time of arrival (TOA)

Time difference of arrival (TDOA)

Received signal strength (RSS)

Direction of arrival (DOA)

POSITIONING TECHNIQUES

In the localization phase, an algorithm is used to estimate the
position. The choice of the algorithm depends on the type of
measurement made in the previous phase.

The most common algorithms are [2]:

TRILATERATION

Exploits distance estimates between the blind node and the
multiple anchors in a known position. These distances are
usually estimated using TOA or RSS measurements.

Blind node position

HYPERBOLIC POSITIONING

Hyperbolic positioning techniques are used when differential
measurements are available, like in the case of TDOA.

TDOA1-2

TDOA1-4

A il i 2y
Anchor 3

PROJECT

The project investigates the use of asynchronous positioning
techniques, similarly to those in [3], which exploit the LTE
signal in an opportunistic way, i.e., using transmitted/received
LTE signals and the communication protocol characteristics.
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Processing of bio-signals for biomedical
applications and psyco-physical state analysis

OBJECTIVE

The objective of the research is to apply signal processing
techniques to bio-physical signals in order to possibly identify
stress and wellness conditions. One foreseen application is the
automatic stress assessment of car drivers.

Skin Potential Response (SPR) is caused by the Electro Dermal
Activity (EDA) of the human body and represents the
differential voltage on the skin between a place where there
are sweat glands and a place where sweat glands are not
present [1].

SPR is strictly related to the sympathetic nervous system
activity, and through its measurement we are able to obtain
information about the emotional state of a subject under test.
In SPR measurements there are several components not
related to the sympathetic system, in particular Motion
Artifacts (MA). MA originates from stretch deformation and
movements due to everyday activities [1].

In order to have usable data, MA has to be removed from the
measurements.

g ()

Fig. 1 Measurement System [1].

DC compensation

ANALYSIS OF A DRIVER’S STRESS SIGNAL

The aim of our work is to obtain the Stress Signal (SS) from SPR
measurements of a driver during a car race. SPR is measured
by a sensor connected on the driver’s left hand (Fig. 1).
Measured SPR is affected both by emotional state and physical
movements performed for driving. In addition to SPR
measurements, Steering Wheel (SW) angle is recorded (Fig. 2).

3 Skin Potential Response & Steering Wheel
| | I I

SPR
SW

I
L

ot VIR

| | | | | |
25 30 35 40 45 50 25 60

Fig. 2 Skin Potential Response (blue line) & Steering Wheel (black
line).
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ADAPTIVE FILTERS

For splitting the SPR components, Least Mean Square (LMS)
algorithms are implemented using digital adaptive filters [2].
Correlation between SW and MA are used in order to identify
the Motion Artifact and to obtain the Stress Signal.

Taken SW as filter input and SPR as reference signal we obtain
MA.

Fig. 3 shows estimated Motion Artifact (MA) using Normalized
Least Mean Square adaptive filter [2].

Motion Artifact & Steering Wheel
I I I |

- MA
SW

Fig. 3 Motion Artifact (green line) & Steering Wheel (black line)
obtained using NLMS adaptive filter [2].

Residual error represents driver’s inner Stress (S) signal.

In Fig. 4 Stress signal power is shown.

The instants during which the driver has been mostly stressed
can be recognized by signal peaks.

20
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Fig. 4 Stress (S) signal power (red line) using NLMS
adaptive filter [2].
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OPTIMIZATION OF COMPONENTS DESIGNED FOR AM,
SIMULATION AND MONITORING OF SLM PROCESS

Additive manufacturing and specifically « Development and validation of methods for fast predictions of
metal selective laser melting (SLM) residual stress and distortion of AM parts

processes are rapidly being  Optimization and design of innovative mechanical components
iIndustrialized. In order for this exploiting advantages of SLM manufacturing process

 Development of optimal heat treatments to improve mechanical
properties and reduce distortions of parts

technology to see more widespread use
as a production modality, especially In

heavily regulated Iindustries such as « Development of specific process parameters tailored on parts
aerospace and medical device geometry and material
manufacturing, there Is a need for  Development of robust process monitoring and control

Improvements in some strategical areas. capabilities to reduce process variation and ensure quality

Distortion of parts during the printing and e Development and validation of new approaches
manufacturing process is a major impediment to 414

1414 that allow replacing the time consuming thermo-

companies not realizing the full benefits of the e @ e [ mechanical simulation of the process by a static

-0.357 . - .
additive manufacturing process. An enormous o mechanical one will enable a practical usage of
FEM based method for AM process simulation.

. . min: 0.000
amount of unproductive time and cost spent on
trial and error.
-r‘-,_" ; % < T ' ;

The code should help the designer to fulfill these

tasks:

 Calculate the deformation of the final part and
reduce/avoid distortion

« Minimize residual stress

« Optimize the build-up orientation

Optimize the support structure

 Evaluate stresses and deformations after heat
treatment, base plate and support removal

Total distortion - 3D printing process
simulated with MSC Simufact Additive

Detachment of the part from the
build platform during early stages
printing job. Thermal
stresses tend to build up layer by |
layer, when supports fail the result ! .

Unwanted separation of the part from
the support structure. Crack
propagates due to thermal stresses of the
iInduced during SLM process.

are huge deformations. Total distortion - optical measurement

Designers use strategies and optimization methods to tackle practical design problems with traditional manufacturing processes in mind.
These approaches have significant manufacturing constraints and a compromise has to be made between optimality and ease of
manufacture. With Additive manufacturing (AM) the part is built up layer-by-layer. Parts of significantly greater complexity can be produced
without a significant effect on the cost of the process, providing the designer with significantly greater design freedom and enabling the
built part to be closer to the optimum design. Optimization and monitoring of process help to improve performance and reduce costs.

Topology Optimization: structural optimization method that
calculates the optimal material distribution inside a design
domain by varying the pseudo-density of its elements. For
Instance, it could be used to reduce weight and to keep
under control frequency response.

Integrated cooling channels: conformal cooling channels are
Internal geometries often difficult to machine with traditional
manufacturing processes. Additive manufacturing allows
components to be designed for maximum performance and
Intent, rather than the traditional mindset of
manufacturability.

Lattice and bionic structures: designing parts incorporating
these structures enables engineers to manufacture
lightweight parts and also improve system performances,
for example heat dissipation and frequency response
(vibrations).

Optimization of process parameters and heat treatments:
optimization of SLM process parameters is necessary In
order to improve the quality of parts. Optimization of heat
treatments may improve the microstructure, hardness and
tensile properties.

References

High efficiency compact heat sinks and heat exchangers:
with 3D printing it is possible to build parts with highly
complex internal geometries such as compact heat sinks
and heat exchangers that maximize surface area and flow.

Optical in-process monitoring of
SLM process: ensuring
repeatability and consistency is
essential for the advancement of
AM technology. The final part
quality is heavily influenced by
various factors (eg. material,
exposure parameters, power,
scan speed, exposure strategies).
Several strategies and systems
could be implemented to enable
qguality assurance during the
process, for example camera
based powder bed monitoring
and diode, pyrometer or camera-
based in process monitoring.
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A new model for the simulation of a

cable-in-conduit cabling procedure

Introduction
A new model able to give a verisimilar geometry of the so
called Cable-In-Conduit-Conductors (CICC) is being developed
for the THELMA code, a coupled thermal-electromagnetic

numerical model for the description of superconducting cables
and magnets.

°*CICCs are composed by a very large number of
superconducting strands twisted together in multiple
cabling stages and then inserted in a metal jacket;

*For cooling, supercritical He flows through the interstices
between the strands and the central channel if any;

* Copper strands can be included in the cable to provide a
low resistivity current path in the case of transition of the
superconductor to the normal state.

ITER CS cable
(courtesy of C. Sanabria, NHMFL)

Manufacture of CICCs:
cabling higher stage
(courtesy of L. Muzzi, ENEA)

The cabling sequence
The model approach is based on a virtual cabling sequence
followed by a cable compaction procedure down to the final
rectangular or circular cross-section:

> The cable is initially made of a bundle of straight individual
wires or smaller bundles, suitably arranged in the space;

®> The strands are then rotated at one end of the cable, to
simulate the action of the cabling rotating drum.

ZIm] O t—

Y [m]

During cabling the strands are subjected to a tensile force.

dott. Francesco Stacchi
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The interference removal process
An iterative approach is adopted for the interference removal.
At the generic iteration, wherever a geometrical interference
C, between the i-th and j-th strands takes place as a

consequence of rotation and final compaction, an interstrand
resulting elastic force F,.(x) acting on the I-th strand cross

section (yz-plan) is considered at the generic curvilinear
coordinate x. This force is computed starting from the local
interference C,on the basis of the strand transverse stiffness K.

and Kj, and therefore the interference is iteratively removed
through the (current) resulting displacements AS. A simplified
formulation for N-strands case follow below:

Fio) =S <l pg (g = O

1 . -
Ky K (2) j=1 K%

g=] K;

BEFORE AFTER

0.002

0.001

Z [m]

-0.001 f

-0.002 f

L L i L L L L i 1 1
-0.002 -0.001 0 0.001 0.002 -0.002 -0.001 0 0.001 0.002
Y [m] Y [m]

Application: superconducting fusion magnets
Some scientific applications require very intense magnetic
fields (up to more than 10 T). Because of the high currents
required, normal conductors would involve excessive losses.
Therefore, superconducting cables are needed.

Tokamak: the magnetic confinement fusion reactor
(courtesy of ITER organization)

Thanks to their robust design and cooling capabilities, CICCs
are widely used in fusion magnets like those of ITER.
NbTi and Nb,Sn are still the most important superconducting

materials for this kind of application.

*F. Bellina, D. P. Boso, B. A. Schrefler, and G. Zavarise, “Modelling a multistrand SC

cable with an electrical DC lumped network”, IEEE Trans. Appl. Supercond., vol. 12,
pp. 1408-1412, March 2002.
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PARALLEL RESONANT HIGH-POWER-DENSITY CONVERTERS
FOR DATA CENTER AND MOBILE APPLICATIONS

ABSTRACT PROPOSED LAYOUT COMPARED TO PREVIOUS STATE-OF-THE-ART MULTIPHASE BUCK
O High efficiency power conversion has become an important issue in modern CPU power .
supply 3 phases (1 LLC + 2 buck each) Bulk capacitors (as
. . . L * in VR13 board
O Energy conversion chain in data centers requires optimization for each stage h p pare)
0 The last converter is built close to the CPU to comply with strict performance requirements in -.-.-:&*‘“Y LR & i
terms of current capability and transient response (47 nH)
. . . . . . . E
O This conversion is usually achieved through classical multi-phase buck converter which — -

power-density is hardly improvable

ntersil KGF6NO5SD
(1,25 mQ)

L

In this study two novel converter topologies are presented for the 12V — 1,8 V conversion
which are based on the sigma-converter architecture
O The first proposed topology is based on a LLC converter while the second one is based on a

Planar E14/3.5/5

switched-capacitor architecture «—  3F45
_— 12 Cin|LLC
FuLL/HALF-BRIDGE SIGMA CONVERTER FOR 12 V => [0.5, 2] V CONVERSION B mom B W i B B a8 Ce
12V Puc _ Vimusc HEEE EEEE IIII
PBUCK VIN,BUCK L -l
: ‘ Op’riMos5
| ) Resonant unregulated LLC Green rectangle (62 mm x 35 mm) is the ST VR13 BSZO13NE2LS5I
board occupation area
I(t) Q
. —h | —
- A SIGMA-ARCHITECTURE KEY POINTS

Low profile

High power density
Scalable topology
Current sharing achieved
through buck-DC regulation
Low voltage MOSFETs

Cuc = 51 mm
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Multiphase controlled buck

O Ahigh-efficiency LLC unregulated converter is in series (input) with a multiphase regulated
buck
O Outputs are in parallel and LLC voltage is filtered through PCB inductance (Lfilter)
d Input currents are equal -> power delivery ratio depends on input voltage ratio NOVEL SWITCHED-CAP-BASED CONVERTER FOR ULTRA-HIGH POWER DENSITY CONVERSION
O Power is mainly delivered through the high-efficiency resonant LLC converter which
achieves ZVS, ZCD for every switch
O LLC steady-state input voltage is fixed and depends on transformation ratio n 12V implemented through parasitic inductance Resonant voltage divider
O LLC can operate in half-bridge or full-bridge mode adapting to output voltage |
O The buck converter finely regulates output voltage and assures strong transient . o—lE o—lE
r€s p ONsSes Gate signals (1 MHz, DC’= 0.5) Lfilter
d Total eff|C|ency IS the power-welghted mean of the two converters eff|C|enC|es —
Arvs ie Adaminatad hiu +thao L1 C $hic +analac Alde Ardns - - C1l
while load tr tl_t&slents are ha n dled I;g/ ivir]gsma b u onverter with reduced input voltage O—IE
CENTER-TAPPED LANA SFORMER DESIGN 11T
14/3.5/5 core size . | L v .
/ / = m = ey J_ - Small outline Vout
8 layers, interleaved ' 1 o
Copper thickness: 100 um E
Dielectric thickness: 30 um o
El 3F45 core, 50 um gap on every o—lE
leg, reduced fringing effects c3
1
RAC,pri (1 MHZ) = 41.1 mQ
Lm = 4.7 uH o
Green switches: in phase
Full load simulation (400 A) 1 /\ /\ /\ /\ /.\ /\ /\ /\ /\ /\ /\
Output power waveforms 08 O Two interleaved switched-capacitor converters supply fixed portions of V,y alternatively to the
/ following conversion stages
Single LLC 0.6 d Power is mainly delivered to the output through two high efficiency, fully-resonant voltage
Single phase Buck TR R \ IRER dividers | | |
fow = 1 MHz > 04 | C(MEAN 610 W) — d Adual-phase, low input voltage buck converter handles load transients and fine voltage
Sw ,M \ / ,L \ /_U \ UCK (MEAN =150 W) regulation (as in the sigma-converter case)
O Low buck input 0.2+ =i = = f‘“ *""—' e - small power inductors, low voltage MOSFETs
voltage P V \ ‘ \ \ \{ \ \ \ ‘ \ |_, O All switches achieve ZVS and ZCD (except for the low-power bucks’ primary switches)
0 Smal?er buck inductor -0 ‘ | | | “ | ‘ \ \ \ - almost negligible switching losses
size with same current O Total efficiency is again the power-weighted mean of the two converters’ efficiencies
finple 27 28 29 30 31 d Voltage dividers have a predicted efficiency of 98-99% [4]
PP _1_Mobile application.is being.researched
time/uSecs Vout=1.8V 1uSecs/div
lout =400 A References
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