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ANALOG AND MIXED-SIGNAL MICROELECTRONICS

Research Lines:

Design of AMS integrated circuits for sensing, signal conditioning and
information processing in CMQOS techs

(1) Design of ADCs and Mixed-Signal Interfaces
(2) Wireless Implantable and Wearable Intelligent Biosensor Devices
(3) CMOS Smart Imagers and Vision Chips

@ Heterogeneous Sensory-Processing Systems and 3D Integration



European Training Network, H2020
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Evaluation Summary Report

Evaluation Resuhlt

Total score: 95.00% (Threshold: 70/100.00)

Role and Commitment Ricardo Carmona-Galan (Coord. ETN), Tenured Scientist, 30%

of key persons Rocio del Rio Fernandez (Coord. MSc) Associate Professor, 15%
(including supervisors) | |Jorge Fernandez-Berni, Associate Professor, 15%

Angel Rodrlguez Vazquez (Coord. PhD Prog) Full Professor, 10%
Belén Pérez-Verdu (Dean Faculty of Physics), Full Professor, 10%




MASTER IN MICROELECTRONICS: e
D ES' G N AN D APPLI CAT I 0 Ns 0 F Inscrito en el Registro de Universidades, Centros y Titulos con el n° 4312169.

Plan de Estudios aprobado porila Resolucién de 20 de Julio de 2011 de la

M I CR OINAN OSCALE SYSTEMS Universidad de Sevilla, publicado en el BOE Nim. 259 de 27 de octubre de 2011.
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m Micro- and Nano-Devices and Technologies NEWS
L] De5|gn c_>f Analog, Digital, Mlxed-§|gnal and RF (AM.S/RF) Integrated Circuits ST o SR R
m Applications, Systems and Techniques for Information Processing in the Master for the academic year
m Design Methodologies and CAD Tools 2017-18 will be opened FROM
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m Wireless Transceivers: Standards, Techniques and Architectures Zrid., For frre detsils, pleasschenk
m Circuit Design for RF Front-End the info in the section "Admission".
m Electromagnetic Fundamentals for RF Design e The  ANNOUNCEMENTS  page
m Sensors in Integrated Technologies includes “Job. offers, scholarships,
m Bio-Inspired Processing: Algorithms and Circuits i .ok )
m Neuromorphic and Fuzzy Systems: Applications and Case Studies
m Test and Design-for-Test
m Advanced Design Techniques - )
m Emerging Technologies EXPON us 1*”
m Work Placement in Companies and/or Research Centers “0
m Master’s Thesis 4
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Concepts of Imaging and Vision Sensors
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Power efficiency through architecture
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® Distributed processing is more efficient
. T . No. of processors
than conventional serialized architectures
® Parallelizing computing resources:
a) meets otherwise intractable timing requirements (overcoming Amdahl’s law)

b) reduces the power consumption overhead due to data conversion and transfer



Hierarchical vision processing architecture
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Hierarchical vision processing architecture

Fully-parallel conversion with ramp ADC
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Power efficiency through image representation
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Power efficiency through image representation

Button enabling dual sensing
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Power efficiency through image representation

Feature extraction: reduction of the dimensionality of visual information by obtaining the most relevant and
characteristic points or clusters of points

Compressed sensing: efficient sampling technique that makes use of the sparsity of the signal in some domain

the efficient representation of the scene is conveyed
one step further towards the sensors

1 1 1
0 500 1000 1500 2000 2500

No. of samples

Applications: adaptive image data transmission, high-speed sensing, feature extraction at image sensing, simplification
of processing resources at the sensor node



Depth Sensing

3D shape (distance) measurements

Y

Microwave
A=3-30mm

(10 - 100 GHz)

y

Light wave
A=05-1pum

(300 - 600 TH2)

Y

Ultrasonic wave
A=0.1-1mm

(0.3 - 3 MH2)

Y

A.Triangulation
depth detection by
means of geometrical

angle measurement

y

B. Interferometry
depth detection by

means of optical coherent

time-of-flight
measurement

a) Pasive

b) Active

Y

C. Time-of-flight

(TOF)

depth detection by
means of optical modulation

time-of-flight measurement

a) Pulsed
modulation

b) Continuously
modulation (AM or
FM)




Depth Sensing
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Single-photon avalanche photodiodes
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1) A photodiode biased beyond breakdown ® Avalanche must be quenched to avoid
stays at zero current until avalanche is device destruction
initiated

2) Avalanche can be triggered by one single

photon absorption event, DC or AP ® The simplest scheme is passive quenching

3) Quenching circuit (active or passive) limits

the avalanche current by keeping e Active quenching and recharge can be
| V-Val <Vgp employed to decrease dead time



Light source
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Returning
light

ToF resolution measurement

SPAD applications: 3D imaging
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SPAD applications: 3D imaging

3D Imager with In-Pixel TDC (145ps-ToF)

[Vornicu et al., ISCAS’16]
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SPAD applications: 3D imaging
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SPAD applications: 3D imaging

[Chuang [Vornicu

Technology OTE%% TSMC0.18um 0.35um UMC 0.18um
Voltage supply 1.8V 3.3V 3.3V 1.8V
Delay cell _PSQUdO_' Single ended  Differential -Pseudo-
differential differential
2 3 4 4
240-1595  1OMHz o 7 and 2.06  400-850MHz,
Frequency range MHz (72%) 367MHz GHz (53%)
e\/es (95.6%)

Nr. of phases 4 3 8 8
Non-linear ~ 153MHz/V  561MHz/V  477MHz/V
87.3% 68.6% - 99.4%

Phase noise

[dBc/Hz] -93 @1MHz -88 @100KHz -99 @2MHz -102 @2MHz
3.11 1.53 . 1

26mW 35.5mW 14.6mW 1.17mW



