day weekday time room | type topic notes and details

2 16/09/2024 mon | o830-1030 | 214 L 101 Introduction to the course Course organization, classes, exams, materia, program. Status of the MEMS and CMOS market. Key

4 18/09/2024 wed | 1430-16:00 | 7.04 L 102 Technologies for MEMS sensors Overview of a sample MEMS process. Main steps: epitaxial growth, DRIE, bonding, packaging

6 19/09/2024 thu 14:30-16:00 T02 L 103 The spring-mass-damper system Inertial and non-inertial ’E"""“’:v‘:'r‘gjr;“pf:;’;":}'ﬁfﬂ’;’g"”e“:;:‘;::::',’;::;“‘:”ﬁ‘i:g::‘ Claltyfackor lndertaeedand

8 20/09/2024 fri 08:30-1030 | 903 L 104 MEMS accelerometers: part 1 CEEEEE e mc::r’f:ﬂ o readout

10 23/09/2024 mon | o830-1030 | 214 L 105 MEM: part2 bandwidth and choice of the qualty factor in MEMS, Trade- Comb finger readout.

12 25/09/2024 wed 14:30-16:00 | 7.0.1 L L06 MEMS accelerometers: part 3 B o e "’""EE'ZZ'{:’S“;;‘;';:‘;'E s EleabesssnE

14 26/09/2024 th 14:3016:00 | T02 3 E01 MEMS accelerometer design Design of an in-p satisty aspecifc application with

16 27/09/2024 i 08:30-1030 | 903 L L07 MEMS accelerometers: part 4 The problems of scaling and pulk-in. Charge controlvs volage control: effectsof parasitc. Switched capacitor ciruits. Force feedback.

18 30/09/2024 mon 08:30-1030 | 211 L 128 UN-related goals oo of thefuture Assodated sensor needs. Sensors n bomedcal pplcatons. sensors

20 02/10/2024 wed | 1430-16:00 | 7.04 3 £02 MEMS accelerometers electronic readout Circus for MEMS accelerometers:description and exerlse, noiselimitations (MEMS and electronics),dynamics considerations.

2 03/10/2024 th 14:3016:00 | T02 3 £03 Torsional MEMS accelerometer design Torionsal springs. Calcultion of the srffness and of inerti for simpl

2 04/10/2024 fri 08:30-1030 | 903 L L08 MEMS resonators: part 1 ey SEENS ot LS S N

2 07/10/2024 mon | os30-1030 | 214 c E04 CAD simulation of MEMS capacitances Review of MENS. Case study plates.

2 09/10/2024 wed | 1430-16:00 | 7.04 L L09 MEMS resonators: part 2 Oscilator circuits; Barkhausen criteria. Sample TIA plus nonlinearty example. Issues of inearity. Example of resonant accelerometer.
10/10/2024 th M.S. Graduation day No lasses

30 11/10/2024 fri 08:30-10:30 | 903 L E05 Resonator design Dimensioning of a Tang resonator o be used in a 32 KHz clock, with process spread and tunabity:

32 14/10/2024 mon 08:30-10:30 211 L L11 MEMS gyroscopes: part 1 lities and the Coriolis force. itivity

3 16/10/2024 wed | 14301600 | 701 3 £06 Oscillator circuit an ona CA configuration. Comp: TiA case

36 17/10/2024 thu 14:30-16:00 02 L L12 MEMS gyroscopes: part 2 BRUSS ol et S sy "c'ap;me op senee derection. overall sensiity ARG

5 18/10/2020 o 08:30-10:30 903 M - Effects o the feedthrough capacitance on the electrical maien\;:;:;;:::ﬂmr, and on the Gloop of the oscillator. Common resonator

40 21/10/2024 mon | 08:30-10:30 | 2.1 v L13 MEMS gyroscopes: part 3 Gyroscope bandwidth, trade-of. Electronics and noise

2 23/10/2024 wed | 14:30-1600 |  7.01 c E07 CAD simulation of MEMS accelerometers o g I

a 24/10/2024 th 14:3016:00 | T02 c E08 CAD simulati capacitive PPl
25/10/2024 i Backup slot No classes

46 28/10/2024 mon 08:30-1030 | 211 L L14 MEMS gyroscopes: part 4 fssuesin o A CUREEp Rl O GRS

48 30/10/2024 wed | 14:30-1600 |  7.01 3 £09 Gyroscopes electromechanical design Push pull actuation and sizing of

50 31/10/2024 th 14:30-16:00 | T02 € E10 Drive circuits for gyroscopes Oscilatorsfor gyroscopes. Relevance of AGC cicuits and solutions. AGC sabilty.
01/11/2024 i Allsaints holiday No classes

52 04/11/2024 mon | 08:30-10:30 | 2.1 L L15 MEMS gyroscopes: part 5 noisein Electronic noise in Examples ofreal

54 06/11/2024 wed | 14:30-1600 |  7.01 c E11 CAD simulation of MEMS yaw gyroscopes Design of i inalsaion of

56 07/11/2024 th 14:30-16:00 | T02 c E12 CAD simulation of pitch MEMS gyroscopes Autonomous design of a MEMS gyroscope.

58 08/11/2024 fri 08:30-10:30 | 903 L L16 MEMS gyroscopes: part 6 Quadratre error. Origin. Modeling, Coupling with phase noise. Quadrature erfor compensation. Tatar scheme.
11/11/2024 mon F 117 MEMS part1 ified architecture. Sensitivity. Comparison with Coriolis and nertial forces, Noise,offst.
13/11/2024 wed F L18 MEMS part2 Design criteria, Integrated electronics. Comparison with other technologies (AMR, Hall.

60 14/11/2024 th 14:30-16:00 | T02 € E13 Sense circuits for gyroscopes Sensing 2
15/11/2024 fri F L19 MEMS magnetometers: part 3 Monolithic 3-as architct Qfactor prediction

62 18/11/2024 mon | 08:30-10:30 | 2.1 L | 120 MEMS characterization and the Allan Variance The next iler applicatons the IMUs. Stabily issues Alan variance, Definiton,relation ith whitg d use,

64 20/11/2024 wed | 14301600 | 7.01 € £14 MEMS microphone Exercise on a sensor nottreated n the course, to stimulte the students towards o inthe same technology.

66 21/11/2024 th 14:30-16:00 | T02 s Seminar from industry n. 1 Job profiles in i i i ing for MEM:

68 22/11/2024 fri 08:30-10:30 | 903 L L21 Light sensors basics: part 1 the concept of a color space, stimuli to the brain. Basic of I

70 25/11/2024 mon | 08:30-10:30 | 2.1 L 122 Light sensors basics: part 2 CMOS image sensors. System architecture. Basis of optis and diffraction. Number of photons on a pxel.

72 27/11/2024 wed | 14301600 | 7.01 s Seminar from industry n. 2 Iob profiles in the MEMS industry: i gyroscop

74 28/11/2024 th 14:30-16:00 | T02 L 123 CMIOS 3T APS: part 1 Interaction ofght n semicanductors. Absorpion law. Simple photocdiode and typica dimensions, Sgnal generation and noise overview

76 29/11/2024 fri 08:30-10:30 | 903 c E15 CAD light absorption in Silicon Preliminaty CAD to imaging sensors

78 02/12/2024 mon | 08:30-10:30 | 2.1 L 124 CMOS APS: part 2 3etransistor APS topology. Transistor-level architecture. Operation. Phases, Lineariy. Signal to Nois rato

80 04/12/2024 wed | 14301600 | 7.01 £ £16 photons on a pixel Galculation ofthe number of photons generated per second on a pixel of a mobile phone camera from a generic scene.
05/12/2024 th 14:30-16:00 | T02 s Seminar from industry n. 3 Job profiles in i the engineer and

84 06/12/2024 fri 08:30-10:30 | 903 L 125 CVIOS APS: part 3 Dynamic range of 3T image sensor. Other limitations: fixed pattern noise. Photon transfer curve,
09/12/2024 mon | 08:30-10:30 | 211 L L26 CMIOS APS: part 4 Liits of a 37 topology and introduction of 4T topologies. Correlated ping dvant

88 12/12/2024 thu 14:30-16:00 | T02 € E17 SNRin a 3T topology Calculaing the Signalto Noise Rati for a 3T CMOS pixe topology. Numerial examples.

%0 13/12/2024 fri 08:30-10:30 | 903 E E18 DR and maximum SR in 3T APS Maximum SNR and dynamic range of a 3T CMOS pixel. Choice of the ADC number of bit

2 16/12/2024 mon | 08:30-10:30 | 211 E E19 photon transfer curve Example ofacircuit or correlated double sampling in CMIOS APS 4T topologies with calculaton of DR, PTC and s analysi.

9 18/12/2024 wed 14:30-16:00 7.01 L 127 CMOS APS: part 5.+ Q&A n. 4 CFA for CMOS image sensors. Demosaicking. Li‘{e(r:::::::::z:r:::‘:r [;ﬁp/:zt!\g‘ﬂlp;:r:\:::nf:neﬁ‘ pros and cons of the two approaches. Color
19/12/2024 thu 14:30-16:00 | T02 ¢ | E20 CAD simulations of advanced imaging pixels Autonomous design of a Pinned photodiode

99 20/12/2024 fri s30-11.30 | AlPhaBeta | o, Anticipated exam session
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