COURSE NAME :| Emerging Ultra-Low Power Analog-Mixed-Signal ICs for ubiquitous
sensor nodes

LECTURER Orazio Aiello, PhD

COURSE CODE :| E-ULP-1C-10T-2023

CREDIT i )

TOTAL STUDENT
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PRE-REQUISITE

:| Analog IC design fundamentals.

LEARNING
OUTCOMES

The course aims to provide an overview of low frequency analog and mixed -

:| signal integrated circuit design challenges and circuit solutions emerged in

the last years, with a special emphasis on ultra-low-voltage (ULV), ultra-low-
power (ULP) design techniques and topologies suitable to operation in energy
autonomous sensor nodes for the 10T. For each functional blocks (amplifiers,
references, oscillators, A/D and D/A converters, etc...) the main ULV/ULP
design tradeoffs and figures-of-merit (FOMs) will be first introduced. Then,
an overview of emerging design techniques and circuit topologies will be
given.

SYNOPSIS

:| The course focuses on methodologies for designing custom or semi-custom

analog-mixed signal building blocks for the Internet of Things sensor nodes.
Performace/Power consumption trade-off is explored referrring to novel IC
solution for highly-scalable and synthesizable IC.

COURSE
CONTENTS

Learning Contact hour

LECTURE

1. | Corse Introduction: 2
Analog—Mixed-Signal design challenges in sensor nodes

- Analog physical world vs digital information processing
- Energy VS battery trade-off
- Sensor nodes characteristic and constraints

2. | Digital tool and design flow automatic: from RTL to GDS. 2

- Benefit of digital design tool and technology trend
- Voltage/power scalability and technology portability

3. | Example of design flows of digital based-design 8

- Fully digital and fully synthesizable




- the Digital-Based analog differential circuit

- Fully synthesizable Analog comparator

- Fully synthesizable D/A and A/D conversion: the Dyadic
Digital Pulse Modulation (DDPM) VS Pulse Width
modulation (PWM)

- Fully synthesizable and supply voltage indifferent I C sensor:
the case of a Capacitive to digital converter.

How a test-chip look like 3

- from scratch to fully chip: full-chip routing, to ancillary
block (i.e. ESD, level shifterS, scan chain ) to dummy fill
prior to the tapeout (chip production).

- IC floorplan and ancillary block on the basis of lab testing
facilities

- example of design flow with a respective logic verification.

Total 15

EVALUATIONS

Exam options (to be chosen between):

- oral exam: a) a discussion on the program, or b) a critical analysis of a
research paper indicated by the teacher in advance;

- final project on a topic agreed with the teacher.
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