£ A POLITECNICO
MILANO 1863

Laurea Magistrale / Master of Science
N

ELECTRONICS ENGINEERING

prof. Franco ZAPPA



Summary

& POLITECNICO
MILANO 1863

1. what is ELECTRONICS
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“embedded systems, intelligent machines, communication networks ...
smart-, autonomous-, wearable- products and systems
for real world and beyond virtual-, augmented-, mixed- reality
g for humans and robots
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Who is the ELECTRONICS ENGINEER

iIdentify and understand a need and invent a solution:
conceive, simulate, design, develop, build, validate, install...
devices, components, circuits, products, apparata, systems

Long-Range Radar

... for every "smart" task of everyday's modern life!
Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it “




3
=—=Laas POLITECNICO
W MILANO 1863

2. ELECTRONICS compared to others
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"POLIMI OPEN DAY" (info day about POLIMI)

POLITECNICO

MILANO 1863 CORSO PRESENTATO TOTALE UDITORI/GIORNATA
PRESENTAZIONI
(edificio - aula) Ingegneria Aerospaziale 2.113
A RC H ITETTU RA Ingegneria Edile e delle Costruzioni Edificio BS - 0.5
Ingegneria Edile-Architettura Edificio BS - 0.3 | . . -
. ngegneria Biomedica 2.018
Campus Bovisa Durando Progettazions dellArchitetura + Ediicio B3 - 06 geg
Urbanistica: Citta Ambiente Paesaggio Edificio B8 - 0.7 ] o
Progettazione dell’Architettura (in inglese) Edificio BS - 0.7 I ngegﬂe ria Ch imica 1006
Urbanistica: Citta Ambiente Paesaggio + EdficoBS - 12
P ione dell’Archi = = o s
Piesboione et Aretibilin s I Ingegneria dei Materiali e delle Nanotecnologie 806
prova di ammissione per Urbanistica
Design della Comunicazione Edificio B2 - 1.9 ] . . R
DESIGN . e r—— ingegneria della Produzione Industriale 189
CamPUS Bovisa Durando Design della Moda Edificio B2 - 2.8
Design del Prodotio Industriale Edfio B2 - 21 Ingegneria dell'Automazione 1.122
Presentazione Test Design Edificio B8 - 1.1
Ingegneria Aerospaziale Eifico B12 - L01 Ingegneria Elettrica 251
Edificio B12 - L.02
Ingegneria per 'Ambiente e il Territorio Edificio B15 - LM6 i .
Ingegneria dell i Edificio BL27 - 03 I ngegneria E | ettronica 775
Edificio B12 - L.07
Ingegneria Biomedica . .
= Ingegneria Energetica 1.074
Ingegneria Chimica Edificio B15 - LM.1
Ingegneria Civile Edificio BL27 - 08
Ricorda che: Ingegneria Civile per la Mitigazione del Rischio Edificio BL28 - 1.2 I ngegneria Fisica 964
Ingegneria Edile e delle Costruzioni Edificio B15 - LM.3
-puoi accedere alle presentazioni solo Ingegneria Edile - Architetiura Edficio B15 - L4 Ingegneria Gestionale 2,081
se ti sei iscritto Ingegneria Elettrica Edificio BL27 - 01
Ingegneria Elettronica Edificio B12 - .06 R a = . . .
: 5 L - - Ingegneria Informatica+Orientamento Telecomunicazioni 1.821
-devi presemam 20 minuti prima Ingegneria Energetica Edificio B12 - L.03
dell'inizio di ogni presentazione al punto Ingegneria Fisica E:‘:"‘" si; : z | ia Mat - 1.057
iecritti indicati i i oo Ber - ngegneria lvViatematica !
fsﬂﬂﬂ‘.ﬂ, mdlca!] alle pagine S!.I(.:DESSIVB, Ingegneria Gestionale Edificio BL27 - 06 g g
dove i ragazzi dello staff verificheranno Eaificio BL27 - 07
latua registrazione tramite QR code, Ingegneria Informatica (+ o icazioni) Edificio B12 - 113 | ngegne ria Meccanica 1.742
che hai ricevuto via mail Ingegneria i Edificio BL27 - 02
Ingegneria dei Materiali e delle Nanotecnologie Edificio B15 - LM.5 .
Ingegneria Meccani Eficio BL8 - AULA Ingegneria Nucleare 410
Ingegneria Nucleare (corse df Laurea Magistrale) Edificio BL28 - 1.1
Ingegneria della Produzione Industriale Edificio BL28 - 1.2 Presentazione TOL 969
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"Presentazioni delle LM" (info day about "Lauree Magistrali)

POLITECNICO
MILANO 1863

Iscritti Presentazioni LM

Presenze totali:
4595 374361
Iscrizioni singole:
2710 287283 281,
% non POLIMI:
7%

212 205 193188 184 170
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Differences among ENGINEERING courses

Some LM are:

* inclusive,
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Max freshmen at the LAUREE "Scuola 3"
IMMATRICO "Marco
R Extra UE Polo” TOTALE
Ingegneria Biomedica | Milano-Leo 480 10 3 490
] | Milano-Bov 680 15 3 695
Ingegneria Gestionale
Cremona 120 5 1 125
Ingegneria Matematica | Milano-Leo 340 5 2 345
n N u m e rl p rog ram m a.tl . Ingegneria Fisica Milano-Leo 180 5 2 185
. Ingegneria Chimica Milano-Leo 220 4 2 224
Ingegneria dei Mater|?l| e Milano-Leo 230 10 2 240
delle Nanotecnologie
Ingegneria Elettrica Milano-Leo 160 3 2 168
Ingegneria Aerospaziale | Milano-Bov 480 10 3 490
Ingegneria Energetica |Milano-Bov 340 10 3 350
: 1 Milano-Bov 600 8 3 608
Ingegneria Meccanica 3
Piacenza 130 3 3 138
180 maxX a‘t L E L N Ingegneria Elettronica | Milano-Leo 170 10 3 180
Milano-Leo 720 15 4 735
Ingegneria Informatica | Cremona 120 5 1 125
IOL 150 0 0 150
I :
ngegneria Milano-leo| 300 10 3 310
dell'Automazione
Ing?gne”a de”a. Lecco 150 10 2 160
Produzione Industriale
TOTALE L 5570 148 42 5718

Laurea Magistrale in ELECTRONICS ENGINEERING




Expected students at the LAUREE MAGISTRALI _ "Scuola3r

TRSTSTRREE VT RY
i COLABILI | Extra UE | M3T° | 1oTALE
Polo
UE
Biomedical Engineering - Ingegneria Biomedica |Milano-Leo 460 40 3 500
Management Engineering - Ingegneria Gestionale |Milano-Bov 600 150 4 750
Engineering Physics - Ingegneria Fisica Milano-Leo 100 10 2 110
Mathematical Englneetlng - Ingegneria Milano-Leo 100 10 0 200
Matematica
Chemical Engineering - Ingegneria Chimica Milano-Leo 130 20 4 150
Ingegneria del‘la Preve_nzm_)ne e della Sicurezza i Bnotleo 60 10 3 70
nell'Industria di Processo
Electrical Engineering - Ingegneria Elettrica Milano-Leo 75 75 4 150
Nuclear Engineering - Ingegneria Nucleare Milano-Bov 60 20 3 80
Matena}ls En_gmeern_’\g_and Nanotechnology i Milanohoe 500 50 a 250
Ingegneria dei Materiali e delle Nanotecnologie
Aeronautical Engineering - Ingegneria Aeronautica ([Milano-Bov| 200 25 3 225
Space Engineering - Ingegneria Spaziale Milano-Bov 100 15 3 115
E . 1 : - e Milano-Bov| 240 40 3 280
ner ngineering - Ingegneria Energetica
= 5 i 2 Piacenza 20 20 1 40
3 P 5 s - Milano-Bov| 330 60 3 390
Mechanical Engineering - Ingegneria Meccanica
Lecco 50 30 3 80
Telecommunication Eng\ne_erm_g —_Ingegnerla delle Ml 70 50 3 120
Telecomunicazioni P——
130 n eW Stu d e ntS at I IVI E I N Electronics Engineering - Ingegneria Elettronica |Milano-Leo 100 30 2 (130 )
N—"
Computer Science and Engineering - Ingegneria |Milano-Leo| 370 30 0 400
Informatica Como 0 0 0 0
) ] ) - Milano-Leo 50 10 0 60
Music and Acoustic Engineering
Cremona 30 10 0 40
Food Engineering Milano-Leo 60 10 0 70
Mobility Engineering Milano-Leo 60 10 0 70
Automation and Co‘ntrol Engl_neerlng - Ingegneria Enedts 170 30 0 200
dell'Automazione
TOL-I:;LE 3725 755 48 4480
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LM ELN /M.S.E.E. enrollment

MILANO 1863 140

Enrolled at LM ELN

120

100 37 95 94

80 72

60

Origin from L/ B.S. h

20

_____Estero
21% 0

- Italia
6%

PoliMi Altro
18%

2014 2015 2016 2017 2018

PoliMi ELN -
55%
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LM ELN /M.S.E.E. distribution of marks

-
POLITECNICO
MILANO 1863

# di Insegnamenti

39

Corsi Attivi Anno Tipo Corsi
# di Iscritti all'Esame
| 2015-16 H M
2016-17
W 2017-18 'I 238

Scuola Anno di Corso
B ING_3i 1 di cui superati

) 12

’ 500
e o~ 0 =

Corso di Laurea
Seleziona tutto
Aeronautical Engineering - Ingegneria ...

Automation and Control Engineering - |...
Biomedical Engineering - Ingegneria Bi...

Chemical Engineering - Ingegneria Chi...

Computer Science and Engineering - In...
Electrical Engineering - Ingegneria Elett...
Electronics Engineering - Ingegneria Ele...

Energy Engineering - Ingegneria Energ...
Engineering Physics - Ingegneria Fisica

Ingegneria della prevenzione e della sic...
Management Engineering - Ingegneria ...
Materials Engineering and Nanotechnol...
Mathematical Engineering - Ingegneria ...
Mechanical Engineering - Ingegneria M...

Music and Acoustic Engineering

Nuclear Engineering - Ingegneria Nucle...

% di 30 e Lode

8,00

180

160

100

0

Distribuzione Voti

@ # esami superati per voto @# di 30 e Lode

ELECTRONICS

71
18 19 20 21 22 23 24 25 26 27 28 29

Vato Medio

26,14

Deviazione Standard

3.10
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How to enroll to LM ELN

LITECNICO

ANO 1863

Domanda di ammissione per < 3 diverse LM

Domanda di ammissione a luglio-settembre (I sem) o gennaio-febbraio (Il sem)

Si puo accedere sia al primo che al secondo semestre

Conoscenza dell'inglese e pre-requisito obbligatorio

Commissione valuta e;: SOGLIA SUL VOTO MEDIO

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it _ . 13/ 46




Who can enroll to LM ELN

i i 9|5 ofuw |2 e = >(2|9u
wiol= EiSliul-|z g I‘:- Zn- 7 g g‘ g g g‘ g 5 g 2 E S % cg' %-' 3.5 S [} < (ZD 5 <
am |regola generale ﬁasgl&iiddg§§E§§gg§§§8;:‘|§§§§§6§2555
128 |8|5(88|827|5%|% |55 8k =
AES |21 K:0.5 N1:6 21 21(21 21|21 24124
BIO (22 22 25|25
Admltted If CHI 121.5 K:1 N1:6 N2:6 22 m|m
MAT 121 K:1 N1:5 N2:7 >30... 21{m|m mimim{m|m|m|m|m m|im|m|m
S ATM 123 N1:3 N2:6 22 m|m
- 23 (L ELN) TIC (24 N1:4 2121 21 21 21(21(21 21
ELT (22 21 mimim|m|m
Or ELN 24 241242423 24 24 24 m|m
ENG |25 K:0.5 N1:6 N2:6 >40... 21 21(21(21 21121|21|21 27|27
> 24.00 (O‘[hers) As |22 22 22 22 m(m
GES (23 K:0.5 N1:5 N2:4.5 ma... 22 22|22 22(22 23123|23|26(26|23
INF (24 2121|121 m|m
MTM |21.50 22 24|24
MEC 25 K:0.5 N1:6 23 23/23|23 23 23123|23|23 27|27
MECLC|25 K:0.5 N1:6 23 23(23(23 23 23123|23|23 27|27
NUC 22122|22|22 22 22 22 22 m|m
SPA |21 K:0.5 N1:6 21 21|21 21(21 21121|21|24(24
SIC
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3. Laurea Magistrale / Master of Science in ELECTRONICS ENG
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LAUREA MAGISTRALE in ELECTRONICS ENGINEERING

POLITECNICO

MILANO 1863

"Laurea Magistrale"
e lavoro o R&D

"Laurea" e lavoro

immissioni da altri Atenei e Internazionali

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it —



LM ELN /M.S.E.E. teaching programme

POLITECNICO
MILANO 1863

www.polimi.it/corsi/corsi-di-laurea-maaqistrale

Sehool of Industrial and Informsation Engmesnng
Electromics Engineermng (Milane Lecnueda) - 20192000

2. General presentation of the study programme

The Study Prog n El @ prepares the student to conceive, design,
innovate, validate and disseminate devices, cnn:ul!s appaﬂnm and complex electronic systems and
to integrate them into highly multidisciplinary areas, in the most diversified applications and
sonntless high-tech and consumer vwxld. markets,

The Study Progr. in El Engi (ELN) is divided into a first-level three-year
Bachelor of Science (Laurea. L) degree and a second-level two-year Master of Science (Laurea
Magisirale, LM) degree. with progressively increasing contents and skills. The Lourea Magistrale in
Electronics Engineering (LM ELN) is equivalent to the Master of Science in Electronics
Engineering (M.S.E.E.}.

The aim of the LM ELN i 11. I.'U Irmn mni (UDJplﬂc wul‘cssloua] Electronics Engineers with a broad
and whusl sscwuhrlc b so that they acquire the capability of

2 the physical-ch L agpeem of the most advanced sciences with the
needs ol i The LM ELN pw\ldci lh: skills o
create enabling rech ies, d i design cutti
products and systems, integrate them in the most diverse areas, often expanding toward new markets
and scenarios, by inventing new fields, and by improving the quality of everyday life.

Electronics is everywhere around us ami itis the |mp|.ncnb1: and enabling basis of all curent
and future technologies of the (s ion. Control. A ion. Energy md
Eltclnr:lly era. Scientific lmalchrs and market in

incessant, and i by the most diverse and demanding applmmmn
For csamplc ﬂﬂ‘fa&l(r microprogessors, with low power consumption, but higher and higher

g power. and 1y dense ies. without defects and of long endurance and
sl\m access time, are the essential electronic constituents of any computer and processing system:
without such electronic circuits, artificial intelligence wonld remain only science-fiction. The ultra-
sensitive and miniaturized semiconductor sensors, which continually dialogue with each other and
towards the outside world, in the most refined robotic systems and in distributed and ubiquitous
networks. are fundamental to acquire the real world's signals, understand them. manage them.
control them, and implement actions; withowt such electronic devices, reality would remain only

virmal. Electronic devices, from the simplest products of and gaming to
i) d el ic systems for ion and control, ion systems,
biomedical i i i for energy ion, storage and . avionics,

méchatronics and canellite systems. and so on. have become so fundamental that their existence and
performance are taken for granted: without such electronic systems there would be no modemn
world,

1'Jnnl.s to the success of the LM ELN and the excellence o[ Electronics Engineers. the design and
i of ic devices. i€ eircuits, and systems will provide
the fundameuml building blocks for all areas of modemn life. with all its "Smart-" (smart cyber-

. smart industries, smart fi ing, smart living, smart mol o samart
!lghllng, smart cities, smart conammitias, smart aging. ete.) and "awtonomons-" (vehicles, driving,
fleet , manufaching. etc.) feamses, so invasive in everyday life,

The Master of Science’s Electronics Engineer is the inventor of these systems. she'he designs
them, develops them. validates them experimentally and eventually installs them into the end
application. The first task of an Electronics Engineer is to derive models of the physical reality with
Mnch his'her electronic systems will tcmcl, to |mdcm|md. dmribc. fnlﬂce, and \‘c

with the other h
physical. chemical. miclear. ete. equipment. It is a refined and multifaceted pm&ssionalﬁgnm not
closed in his world, but criented to a contimuons interaction with the users m’ these systems. The

1 Engineer has a prop push wuanis aimed at img g the perfi
not only of what is &l ic-based (e.g. . board. i . mainfs
Data: 23 Mar 2019

Laurea Magistrale in ELECTRONI

School of Industrial and lnfomanca

Electromics Engineermng (Milane Lecnueda) - 20192000

PROJECTS to train students to put skills into practice;
*  CONTESTs batween students and with companias,
As shown in the guidelines for the d-level Lourea in Electronics Engineering,
seven courses offer a total of 12 credits of D.I. Action 1; these are indicated in the following
tables with the symbol "d.i.” and the number of cormesponding credits out of the total number of
credits assigned to the course (e.2 the "2.0 di.” of the "Biochip™ subject at the second year, out of
the 5 credits total).
Furthermore. in the next academic years other forms of D.1. both in the form of Action 1 and
Action 2 activities. will be activated. to allow students to acquire ofher “soft skills™, in addition to
ical and scientific ge. aimed at improving both public speaking and interactive
presentation of achieved results (e.z. the progress of cn-going studies or projects), organizational
skalls, teamn building and effective teanwork interactions.

et Laags] U
Code =0 Comrse Tirle il L | Goem
242 [ANALOG CIRCUTT DESIN B 1| il | 100
EN 1 100 100
EN 1 104
EN 1 100 i
EN 1
BN 1
MICROELECTRONIC TECHNOLOGIES B
[D3017AL ELECTRONIC $75TEMS DESIGH ::.-
— - Geowp TABL -

Legend for the "Training Activities” column: “B” are 58 00 izing El
subjests; “C™ are side-courses, i.e. not strictly related to Electronics topics. The be more specific,
core-conrses are those belonging 1o the specific Scientific Disciplinary Sectors (SSD) "ING-INF /
UI - ELECTRUN'ICS‘ and also © D\G-D\'F 02 = Electromagmetic Fields” and "ING=-INF / 07 -
and El

The 10 credits "ANALOG C‘IRC‘LIT DE‘SIG\I‘ core-course provides also 1 credit of
Innovative Education (D.L indicated with “1.0 d.i.” in the tables) consisting of lessons delivered
with active eaching methods in which the stdents are asked 1o answer interactively to questions
posed in classroom and at the end of the lessons and by contents addressed in flipped-class mode.

The § credits "DIGITAL ELECTRONIC SYSTEM DESIGN" core-course provides 3 credits
of D.I. consisting of fhpptdv:]nss acn\:ms ‘with hands-on pmtll:e un developmental electronic
boards FPGA (" 1 ) devices and on
CAD software tools for the synthesis and si of digital el ic systems.

The % credit "MICROELECTRONIC TECHNOLOGIES™ core-course pwndcs. 1 credit of D1
comﬁnng ol’a lmllmutd:a MOOC {\Ia“ne Open Online Course) on some microelectronic

for integrated circuits and of guided tours in laboratories and

industry.

moms of a

2 Year conrses - Track: PSS . ELECTRONICS ENGINEERING

INEERING

Data: 23 Mar 2019

School of Industrial and Information Engineensg
Elremonucs Enpineenng (Milane Leoassda) - 20192020

L.t

'_‘ﬂ'"miml PR ELCTRORICS

be chonen fom Oooup TABE

wnes | B HE AR
ETTr T TOR RADIATION DETECTORS B (w3 | se | wme
oowss| B |mvoncron | ELECTRONICS DEUON FOR BIOMEDICAL B M| 2| e

fom Goop TAND 0o
= _{ = o 1 be choven fom Group TABI ES N I
0 iagsn AN FINAL EXAM v e
ol TS AND FINAL EXAM [ T

Courses of the Group TABL

The § credit "BIOCHIP” course provides I credits of DL, mslsmll of a multimedia MOOC
{Massive Open Online Course) on for i

devices and biochips. and of some activities where students must design a biochip at the POLI-
FAB clean-rooms and laboratories.

electronic

[
5% rype | sem | 0
7 109
MY Ipem
7 T [T}
B {m 2| we
K 100
asoar| ¢ | O emttinar mfu| | e
W] C | 5In0s | ADVANCED OPTICS AND LASER B w1 | we
¢ B 1|+ we
c [ T T T
miuls| se
1] ¢ = T O T
3 : w1 |1 | e
[asqast pernalu ?
ooni | ¢ | Fisws |QuanTUM OFTICs AND 2N B M|z | te
e ¢ Imo AND CONTROL 1% VEHICLES T T N T
o8N] © | DOGDT 01 |DIGITAL COMMINICATION wml ] e
upel ED COMPUTER ARCKITECTURES EX IM 12 1]
60614 | € |07 04| CONTROL OF BXDL romoT m M| | se
09507 € [DNGINFOS | EMBEDDED SYSTEMS EX 1 1 100
spses] ¢ | MAToa |NUMERICAL MICROELECTRONIC Tl BT
wun| ¢ M COMMUNICATIO! B M| se
C | F1S0) [SOLIDSTATE PHVAICS A 1 H P T
wan| ¢ “ RCED CIREUTT THEORY SIS

Courses of the Group TAB2

In TABI there are § and 10 credit electives tanght in Italian that stadents can select.

P (|

EEmE

franco.zappa@polimi.it

Data; 23Mas’

B |0 ou|rowes ELECTRONICS
2019




Semesters and exams ‘'M.S.E.E. degree”

Jun.=Jul. exams

10 cfu (1 course)
plus

60 cfu second year"

30 cfu (4 courses)

Sep. exams

. Jun.-Jul. exams

. Jan.—Feb. exams

30 cfu (4 courses)

60 cfu first year

30 cfu (3 courses)

15 September — 20 Decem!

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@poimi.it [N B /2



LM ELN /M.S.E.E. courses

DOPPIA LAUREA

caratterizzante

;ELECTRONICS DESIGN FOR BIOMEDICAL INSTRUM. { 2 10;

T RRELE
’ . tipologia Nome Insegnamento HERE:
! - TP i : il isis
In En9|ISh < | caratierizante {ANALOG CIRCUIT DESIGN 11110110
| coratterimante ELECTRONIC SYSTEMS 1i10] (10
Z | coenermame [ELECTRON DEVICES 110 210
= caratterizzante EMEMSAND MICROSENSORS ll 105
100 cfu total in about 12 COUrSES & amwrmne sioNALRECOVERY 20l 10
(25 cfu of choices) Q | conterzsne DIGITAL INTEGRATED CIRCUIT DESIGN Iz 10; 510
& | corstierizante {RF CIRCUIT DESIGN 20100 |
'~ | catteriziante :DIGITAL ELECTRONIC SYSTEMS DESIGN o el
of experimental thesis . corermante | MICROELECTRONIC TECHNOLOGIES 25t
(at POLIMI Iabs or |nternsh|p) affine Insegnamenti a scelta dal Gruppo TABl (5—)
| corauenznte MIXED-SIGNAL CIRCUIT DESIGN z1110 =
< | cratterizante {POWER ELECTRONICS {1/10{ |
— affine Insegnamenti a scelta dal Gruppo TABl QC_J_)
Moreover: ERASMUS, = T
o | coratterizzante  {SEMICONDUCTOR RADIATION DETECTORS 12050 {10
c
©
~

affine

Insegnamenti a scelta dal Gruppo TAB1 o TAB2 E l

THESIS AND FINAL EXAM | |20
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L B -
LM ELN /M.S.E.E. elective courses (your own choice)
POLITECNICO : T 0L 7 : Y
MILANO 1863 | e ! i Hi
; [ e O | : R
B ' ' -1 b . . H H Hile =
SSD :Denominazione Insegnamento 5 § : g 5 'g 5 | SSD :Denominazione Insegnamento fgiBist
: ‘A BN } : A R OR:
N E i P
FIS/03 :PHYSICS OF PHOTOVOLTAIC PROCESSES {15 | caratterizzante {BIOCHIP he
FIS/03 {ADVANCED OPTICS AND LASERS {1110} | caratterizzante |DIGITAL ELECTRONIC SYSTEMS DESIGN i
FIS/03 :QUANTUM OPTICS AND INFORMATION {215 | caratterizzante DIGITAL INTEGRATED CIRCUIT DESIGN
o FIS/03  {SOLID STATE PHYSICS A L2 5 « | caratterizzante ELECTRON DEVICES
g ING-IND/31 DN ENEERICIRCUIINIHER R, 2 | caratterizzante |ELECTRONICS AND ELECTROACOUSTIC FOR SOUND ENG.
= ING-INF/03 SRR SR BT adaeU L = | caratterizzante ELECTRONICS DESIGN FOR BIOMEDICAL INSTRUM.
o ING-INF/03  :ADVANCED DIGITAL SIGNAL PROCESSING i1i10i 1 o | : ;
Q : —— Q. | caratterizzante iMEMS AND MICROSENSORS
g. ING-INF/03  iRADAR IMAGING i1i5! g. ; : :

: e | caratterizzante :MICROELECTRONIC TECHNOLOGIE i1
et ING-INF/03  :QUANTUM COMMUNICATIONS {25 = | Corattenzzante (MICRO g SLOGIES :
2 ING-INF/04 :CONTROL OF INDUSTRIAL ROBOTS w1y b= ; caratterizzante EMIXED-SIGNALCIRCUITDESIGN
% ING-INF/04  :MODEL IDENTIFICATION AND DATA ANALYSIS {1010} 8 | coratterizzante :POWER ELECTRONICS :
0= ING-INF/04  {AUTOMATION AND CONTROL IN VEHICLES {205 E | caratterizzante iRF CIRCUIT DESIGN ;

S ING-INF/04  :ADVANCED AND MULTIVARIABLE CONTROL {2104 (] I caratterizzante :SEMICONDUCTOR RADIATION DETECTORS
= ING-INF/05  {EMBEDDED SYSTEMS {1:10¢ § | caratterizzante {SENSOR SYSTEMS L
g ING-INF/05  :DIGITAL SYSTEMS DESIGN METHODOLOGIES {2i10: S rotterizzonte TINENGE :
o0 - : foig! v | i
) ING-INF/05 SRV INHERE IVIPLUAR SRR TECTURES L Eo% @ | caratterizzante |ELECTROMAGNETIC COMPATIBILITY
72} ING-IND/34  :BIOMATERIALI [C.1.] i2i10! £ : :
= T — | caratterizzante :MICROWAVE ENGINEERING
- ING-IND/34  :BIOINGEGNERIA CELLULARE i1i10 ; :
: T - | i i DEVICE
ING-INF/06 :BIOINGEGNERIA DEL SISTEMA MOTORIO 151 | coratterizzante SRROTENICRRMCES
i H H H § H .
BIO/10  :BIOINFORMATICA E GENOMICA FUNZIONALE s | caratterizzante (SR
MAT/08  :NUMERICAL METHODS IN MICROELECTRONICS {205 | caratterizzante {OPTICAL MEASUREMENTS

e proposed choices,

among many others
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Only one track

(PSS — ELECTRONICS ENGINEERING)

POLITECNICO

MILANO 1863

LM ELN /M.S.E.E. teaching programme

m.-
upi '1cn fent
‘"} I' ‘\’hu 7/1:
E | f paths:
Xam p eS O pa S . n ﬂ’\:r ,‘;m:c 1o

u;w gy e

\t\’\ i cd”
)
\‘_w\\" ‘,Q\c““ ,\ﬂ“_ ‘\\\
P W

advanced electronic systems

2 Pro
Vi
2 itlgy

Wplic,

devices for photonics, biochips, nanotechnol

V e e ; i
s E 15 Beg, 0% gy, O SO ncv Vit
. . . . . W Q“\r et @ T Perg rlun sty T58S cay be « fc,), Pail.:"n Bk i d u.; tl;. ~Ipp;,
microelectronic integrated circuits " s SR BT e, Sy, 41 a8 e 0 1 "‘w; oty
Py ;.\0 S ap s S cop, FES o he S Mg, 1 the E ! the
“ o8 B Mgy, SOWpuy, - caifgpy M i \nm. ol Lnn.-(,,[
* \ \‘aw SR 1 o % bogy, o i p, . 1y rlp and oy

electronics for medicine and biotechnology
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Didattica Innovativa (D.l.) — Innovative Teaching

& POLITECNICO
MILANO 1863

ACTION 1 — curricolar (gives credits):

soft-skills with cross-contents

flipped-class

co-tutoring with companies
M_ssiveOpenOhiineCourses: WWW.POK.polimi.it

o KICk-Stal’teI’ WOTkShOp Public Speaking  Mnemonic Goal Mapping

Problem solving Project Management  Pitch
Entrepreneurial mindset Efficient Communication

* Projects for training
« Contest, challenges, entrepreneurship

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it



Example of weekly timetable

POLITECNICO
MILANO 1863 Data I Dove 1500 10.00 1100 1200 13.00 200 15.00 16.00 700 1800 18,00 2000
T T 1T 1T 17T 1T 7 T T 1T 1T 1T 70 1T T T
[erane] ANALOG CIRCUIT DESIGN
i | | | I L1l (a1 17/092018 81 17/12/2018)
Lunegi [lezione] CONTROL OF INDUSTRIAL
EGH ROBO'
dal 17/00/2018 al 17/12/2018) 1
o [ezione] ELECTRONIC SYSTEMS
0 (021 0271072018 3 18/12/2018) L1
[ezione] MEMS AND
813 MICROSENSORS
dal 18002018 al 18/12:2018)
Marted] [esercrazione] MEMS AND
EGS MICROSENSORS
(2l OV TOR0TE &l 1171 22018)
ezone] MEMS AND
noa MICROSENSCRE
dal 09402018 al 10/12:2018)
.
‘ Tezione] ANALGG CIRGUIT DESIGN
Rii i 19082018 of 15122018 L1 11
[ezione] MEMS AND |
o N12 MICROSENSORS
Lzl 0l 18092018 & 10/12:2018)
[lezione] CONTROL OF INDUSTRIAL
Da2 ROBOTS
(dal 1 122l
T T T T T T 1T 1T 11
[esencitazione] ANALCG CIRCUNT
EG2 DESIGN
(dal 20002018 al 2041 H2016)
4 [enone] ELECTRONC STSTEMS
g kg4 a1 FOORP018 ® 2041 22018)
Tezsone] MENS AND
EGa MICROSENSORS
! (a1 200572018 ol 20/12/2018)
T 1 I
- Dezione] ANALGG CIRCUIT DESIGN
— L 111 |idat 2tipevz018 ol 2112200
T [lezione] ANALOG CIRCUIT DESIGN | lezione] ELECTRONIC SYSTEMS
L dal 21/00/2018 al 21/12/3018) {021 21/00/2018 2 21/12/2018)
| N — — |
E— R B A

Insegnamenti selezionati

visualizza  Legenda Denaminazione Insegnaments Docente Cfu  AnAocorso  Semestre  Dotainiio  Datafine  Rimuowi
Ing. Ind-Inf (Mag.)(ord. 270) - MI (476) £ & El i
# 052427 - ANALOG CIRCUIT DESIGN Lacaita Andrea Leanarda 10.00 1 17/0%/2018  21/12/2018 )
= 088724 - ELECTRONIC SYSTEMS 2appa France 10.00 1 20/09/2018  21/12/2018 )
“ 095163 - MEMS AND MICROSENSORS Langlelder Glacome 10.00 - 1 18/0%/2018  20/12/2018
f 090914 - CONTROL OF INDUSTRIAL ROBOTS Receo Paclo 5.00 = 1 17/09/2018  15/12/2018 =
Aggiorna

e about24h  of LESSONS and EXERCISE CLASSES
e about3h of LABS
« some free time for lunch, relax, study, enjoy
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4. expertizes, skills, employment opportunities
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LM ELN / M.S.E.E. objectives

Augmented Reality
Heads-Up-Display (HUDI

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it



LM ELN /M.S.E.E. acquired expertize and skills

POLITECNICO
MILANO 1863

e spot what to solve and how

o define specs, requirements, constraints, costs, pros/cons

e select design methodologies and technologies

e design electron devices

e develop Integrated circuits, electronic boards, mixed systems

o exploit sensors, actuators, uP, FPGA, DSP, ... at best

* Integrate elettronics into applications (atm, bio, ene, mec, inf, tic ...)

o validate through instrumentation

* manage "llities"” In plants and systems (eliavility, manufacturability, testability ..)
o profit

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it _ . 26 / 46 -
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LM ELN /M.S.E.E. employment opportunities

e microelectronics

for semiconductors / integrated circuits

e hi g h-tech industries (mechatronics, avionics, energy, automotive, space...)

e companies

for smart electronics (infotainment, telecomm, computers...)

e industrial automation and robotics for manufacturing

e Infrastructures
e R&D
o start-up & spin-off

for communications / networks / cloud / grid
genetics / pharmacology / medicine
companies

e consultancy and entrepreneurship
e public/private scientific/technological organizations

s Ph.D.

Laurea Magistrale in ELECTRONICS ENGINEERING
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t Electrical Engineering Degrees

2019~
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University of California, Berkeley
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United Kingdo
_— _:::‘—s‘-, of California. Los Angeles
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POLIMI ranking for ELECTRONICS
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Employment rates of LM ELN al POLIMI

POLITECNICO

MILANO 1863

) EoERECchico CareerService

ﬁ News &Tools nfo stage Offerte di lavoro e stage Aziende Candidat ncontri con le aziende Registra Azienda Login

¥ in quanto tempo &2 retribuzione mensile né

90,3% 9,7% € 1 .647

Entro 6 mesi* 7-12 mesi
@ dove lavorano 4 dimensione aziendale E contratti

. ‘

CARATTERISTICHE DELLA PN v

PROFESSIONE DI INGEGNERE ELETTRONICO
A C|NQUE ANNI DAL TITOLO Italia 88,6% +500 addetti 37,1% Tempo indeterminato

“inclusi | laureati che hanno trovato un impiege contestualmente ala laurea

60%

Estero 11,4% W 50-499 addetti  26,7% M Tempo determinato 8,6% W
12,5% italiani che lavarano all 'estere 1-49 addetti 37,2% Apprendistato 22,8%
Uil levat 100% stranier che lavarane in ltalia Stage 0% |
izzo elevato,
Retribuzione nel lavoro, delle ilttm s’:x
mensile netta competenze acquisite Ltanome

all’universita

occupazionali (top 5)

Eitronica e Automazione 53,6%
Consulenza IT  17,9%

Automotive  14,3%

Scuola e Universita  7,1%
&Uspaziale ed Aeronautica

1914 € 62,7%
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5. research labs in ELECTRONICS
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Where is ELECTRONICS at POLIMI MM2 MM?2
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SiPM Detection Module

prodotto

Focusing Optics

USB, Syncand DC
Connectors (back)

Control Board

Pulsed Laser Sources

Collection Fiber Port

TEC and Collimator Assembly

J
Injection Fiber Port SR e

Fiber Coupling Optics
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ELECTRONICS laboratories at POLIMI

POLITECNICO

W MILANO 1863
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Microelectronic processing at POLIMI: POLI-FAB

POLITECNICO

MILANO 1863

polifab

POLITECNICO DI MILANO

www.polifab.polimi.it
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Electronic circuits design

Digital systems

Smart microsensors and microsystems

Single-photon detectors and applications

« Radiation detectors and applications AWTA 4%
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ELN R&D at POLIMI: Nano-electronic devices

POLITECNICO

MILANO 1863

3D memory characterization and modeling Emerging device fabrication, char. and modeling
Western Digital. _ Set (Vset = O)
WD BLUE" " Mon(t)atorpli; MoS, -.—
ransistor
alf w
2TB 3D NAND WL 8
~ SATA SSD source ol
R WL 7 2t ~ 38 _ ,
S 158 \ Reset (Vreset < 0)
WL 5
WL 4 )
Crosspoint
WL 3
WLs
WL 2
WL 1
WL 0
Silicon
Channels

Substrate
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ELN R&D at POLIMI: Nano-electronic devices

POLITECNICO

MILANO 1863

In-memory computing
S :

#/| resistor

14 pixels

7.6195 [eV] 2,

2.6196

Output voltage [V]

-3.8098 d
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ELN R&D at POLIMI: Printed and flexible Electronics

POLITECNICO
MILANO 1863

Printed, Large Area Imager

Organic semiconductors:
image sensor ...

logynln) [em]

I L
10 0 10 20 30 40
Vglvl

Organic semiconductors:
device modeling and simulation

...single pixel
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ELN R&D at POLIMI: Electronic circuit design

POLITECNICO
MILANO 1863

FoM = 10-log [(J'T:r)(f?nv::r)] Fundamental limits of

)
Y S} ' Phase Locked Loops
& Su, RFIC10
0 g N . (PLLs)
a2 . 'é‘u-.oo O ]
& anuso, -
g 10 4 s ac1o RF frequency synthetizers
c o Tasca, ISSCC11 Borremans, ISSCC10 .
s %A Taegaonkar /& b visio (1-30 GHz) for wireless
@ & . . Ry
t 101 Elkholy, Thisworkojrs;c(’c: Tempnrltlo.l’SI:C9:':]'-45“:'ls \ appI|Cat|0nS (WIFI, LTE,
@ VLS4 & N\
iE! \ Nar?yanan Chen, Yao, Jszz:slsscc“ SG’ IOT)
ESSCIRC151SSCC15 _— ]
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10-2 PU S P 1N NPT deS| n
1 10 100 1000 g
Power (mW) 10"

Fundamental power limits of SAR and A~ _
Analog-to-Digital Converters g

analog and mixed-signal (analog/digital) "
electronics for low-noise signal detection of

10 B AT

MEMS sensors ! - |——SARmodel
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ELN R&D at POLIMI:

Digital electronic systems

POLITECNICO

MILANO 1863

switching

network D
-—
Cellular
Engines
LTI
| Fitter | —
1l TeDAQ

Digital real-time general-purpose g
processor for high performance
timing of events (for nuclear
science to medical imaging, for
audio and video signal processing)

Tracking layers

Separate trigger-DAQ path

Custom switching network
delivers hits to appropriate cells

Data organized

by cell coordinates

Blocks of cellular
processors

Track finding and
parameter determination

o7 T
ultra bin value T T

bin value [ns]

ok

bin mean value
interpolated TDC
F=

Bps

Digital processing architectures for System-on-Chip
characterized by high performance, flexibility,
scalability, low power and low cost

Laurea Magistrale in ELECTRONICS ENGINEERING



ELN R&D at POLIMI: Smart microsensors and microsystems

S POLITECNICO

MILANO 1863

' Advanced MEMS and NEMS
‘ Tor Iqw-n0|se, hlgh'_Stablllty  electromechanical
inertial and magnetic sensors charactelaliey

vibration and rafe
_test of automotive
\,._gyroscopes

3-axis accelerometer'\‘ g 1:. . ~ :
- \ “ ' Die-level and wafer-level
250-nm-thick | "%‘ 5 \ characterization electronics for

MEMS/NEMS and actuators

/ L O Ultra-low-power, low-noise mixed-signal
Ae I A e!ectronlcs for Sensors in consumer and
.~ _dies glued on a socket board biomedical applications
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ELN R&D at POLIMI: Single-photon detectors and applications

Design, fabrication and characterization of
Single Photon Avalanche Diodes (SPAD) in ™
Silicon, CMOS and inGaAs/InP technology §

POLITECNICO
MILANO 1863

photon

Multiplication g
region R I

Substrate

3.0k 6.7mm xB.95k SE(M) 5.00um

Single molecule spectroscopy

for new drugs discovery and for Imagers for 3D photon counting
studying Alzheimer and (LIDAR) from automotive safety
Parkinson to deep space explorations
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ELN R&D at POLIMI: Radiation detectors and applications

POLITECNICO

MILANO 1863

Ultra low-noisée low-power ASICs
SR Ultra-fast and large-format X-ray iation =T

.« Imagers for the European X-ray
Free Electron Laser (XFEL)

- - L)
K
"\ =) \oc.“‘

e

Q

Ultra low-noise low-power
ASICs for X-Gamma Ray

xy Gap Space Telescopes

128 x 256 Pixel Sensor
Heat Spreader

[y Main Board MRI Scanner ~ Shielded TX/RX Coil
AN i SPECT Ring

s Detecterso
------------- aollimator

Sensors and ASICs for Multi-
modality imaging systems

Detection Collimator RF Coil
module
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6. further info

Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it _ 44 /_



ELECTRONICS is not ELECTRICAL engineering

s POLITECNICO
MILAND 1863

heavy industry

v (* T RN

e
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== Residential Area |z 2

i

icles

electrical machines

e

electric traction g
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ELECTRONICS is:

ELECTRONICS is not ELECTRICAL engineering

low-voltage (<380 V), low-current (<10 A), low-power (<1 kW)

for ICT (Information and Communication Technologies) @®.

for wearable / implantable devices %*Z ._
for personal health / wealth 7

\
Laurea Magistrale in ELECTRONICS ENGINEERING franco.zappa@polimi.it i/_

for "smart" (instead of powerful) devices and machines
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