5,mtoﬂ - B L B REAKE RS ER O

Shanghai International Micro-Tech Affiliation Center
Fu5|on of Advanced Technologies

FH T 005k Y 8 (IR T R85 3 R %

Ultra-low power RF circuits for IoT
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This short course on RF circuits for 0T has a top-down by moving from the tasks that
ultra-low power wireless transmitters must satisfy to a details analysis of each building
blocks of RX and TX chains.

After a first introduction of the requirements of a wireless transceiver, the main
characteristics of ultra-low power radio will be analyzed. A system overview continues
with the description of two of the most popular standards for ultra-low power wireless
communications: ZigBee and Bluetooth Low Energy.

The course continues by discussing the most common and promising architecture for
ultra-low power receivers and transmitters. After that, the main building blocks of ultra-low
power wireless transceiver are discussed. Following the RX signal path, low noise
amplifiers, mixer topologies and base band filters are presented. Beside the most
common approaches, particular solutions oriented to ultra-low power systems are
included such as, quadrature low noise amplifiers, self-oscillating mixer,
complex/polyphase filters. The course continues by presenting different topologies used
for the power amplifier (one of the most power hungry element in the transmitter side) and
moves insight the analysis of the frequency generation required to perform signal down/up
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conversion in the radio. Different oscillator topologies, and quadrature generation
schemes are presented.

The discussion on circuits techniques ends with the analysis of the power scalability
and bias sharing approaches that can be used to minimize the power consumption of the
radio through a clever re-configurability and cross-interaction between the different
building blocks previously discussed. During the entire course many examples present in
literature and references will be provided.
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System Overview

Characteristics of ultra-low power systems
Introduction to wireless RX
Introduction to wireless TX
Metrics for the characterization of the transceiver
In-sight some ultra-low power standards
Transceiver architectures

* Design considerations

Circuit Techniques for low power wireless

Low noise amplifiers
Mixers
Base-band filters
Power Amplifiers
Frequency generation
Power scalability

* Bias sharing
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Antonio Liscidini received the Laurea degree (summa cum laude) and Ph.D. degree
in electrical engineering from the University of Pavia, Pavia, Italy, in 2002 and 2006,
respectively. He was a summer Intern with National Semiconductors, Santa Clara, CA,
USA, in 2003, study- ing poly phase filters and CMOS LNAs. From 2008 to 2012, he was
an Assistant Professor with the University of Pavia and a Consultant with Marvell
Semiconductors in the area of integrated circuit design. Since December 2012, he has
been an Assistant Professor with the Edward S. Rogers Sr. Department of Electrical and
Computer Engineering, University of Toronto, Toronto, ON, Canada. His research
interests are in the implementations of transceivers and frequency synthesizers for
cellular and ultra-low power applications.

Prof. Liscidini was the recipient of the Best Student Paper Award at IEEE 2005
Symposium on VLSI Circuits and the Best Invited Paper Award at 2011 IEEE Custom
Integrated Circuit Conference. From 2008 to 2011, he served as an associate editor of the
IEEE Transactions On Circuits And Systems li: Express Briefs, and he served as a guest
editor of the IEEE Journal Of Solid State Circuits for the special issue on ESSCIRC
Conference, July 2013. Since 2016, he has been a Distinguished Lecturer of the IEEE
Solid-State Circuits Society. Currently he is member of the TPC of the European Solid
State Circuit Conference (ESSCIRC) and of the International Solid State Circuit
Conference (ISSCC).
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