Power Management
Integrated Circuits




Power Management
Integrated Gircuits

Eiited by
Mona M. Hella

Rensselaer Polytechnic Institute, New York, USA

Patrick Mercier

University of California, San Diego, USA

Krzysztof IniewsKi wanacine eoiror

Emerging Technologies CMOS Services Inc.
Vancouver, British Columbia. Canada

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




MATLAB® is a trademark of The MathWorks, Inc. and is used with permission, The MathWorks does not
warrant the accuracy of the text or exercises in this book. This book’s use or discussion of MATLAB® soft-
ware or related products does not constitute endorsement or sponsorship by The MathWorks of a particular
pedagogical approach or particular use of the MATLAB® software.

CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2016 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper
Version Date: 20160407

International Standard Book Number-13: 978-1-4822-2893-9 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to
copyright holders if permission to publish in this form has not been obtained. If any copyright material has
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system,
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC,
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Hella, Mona Mostafa, editor. | Mercier, Patrick, editor.

Title: Power management integrated circuits / editors, Mona M. Hella and
Patrick Mercier.

Description: Boca Raton : Taylor & Francis Group, 2016. | Series: Devices,
circuits, and systems | Includes bibliographical references and index.
Identifiers: LCCN 2015043099 | ISBN 9781482228939 (alk. paper)
Subjects: LCSH: Low voltage integrated circuits. | Electric
power--Conservation.

Classification: LCC TK7874.66 .P74 2016 | DDC 621.3815/37--dc23

LC record available at http://lccn.loc.gov/2015043099

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Power Management
Integrated Circuits



Devices, Circuits, and Systems

Series Editor
Krzysztof Iniewski

Emerging Technologies CMOS Inc.
Vancouver, British Columbia, Canada

PUBLISHED TITLES:

Analog Electronics for Radiation Detection
Renato Turchetta

Atomic Nanoscale Technology in the Nuclear Industry
Taeho Woo

Biological and Medical Sensor Technologies
Krzysztof Iniewski

Building Sensor Networks: From Design to Applications
loanis Nikolaidis and Krzysztof Iniewski

Cell and Material Interface: Advances in Tissue Engineering,
Biosensor, Implant, and Imaging Technologies
Nihal Engin Vrana

Circuits and Systems for Security and Privacy
Farhana Sheikh and Leonel Sousa

Circuits at the Nanoscale: Communications, Imaging, and Sensing
Krzysztof Iniewski

CMOS: Front-End Electronics for Radiation Sensors
Angelo Rivetti

CMOS Time-Mode Circuits and Systems: Fundamentals
and Applications
Fei Yuan

Design of 3D Integrated Circuits and Systems
Rohit Sharma

Electrical Solitons: Theory, Design, and Applications
David Ricketts and Donhee Ham

Electronics for Radiation Detection
Krzysztof Iniewski

Electrostatic Discharge Protection: Advances and Applications
Juin |. Liou

Embedded and Networking Systems:
Design, Software, and Implementation
Gul N. Khan and Krzysztof Iniewski



PUBLISHED TITLES:

Energy Harvesting with Functional Materials and Microsystems
Madhu Bhaskaran, Sharath Sriram, and Krzysztof Iniewski

Gallium Nitride (GaN): Physics, Devices, and Technology
Farid Medjdoub
Graphene, Carbon Nanotubes, and Nanostuctures:
Techniques and Applications
James E. Morris and Krzysztof Iniewski
High-Speed Devices and Circuits with THz Applications
Jung Han Choi

High-Speed Photonics Interconnects
Lukas Chrostowski and Krzysztof Iniewski

High Frequency Communication and Sensing:
Traveling-Wave Techniques
Ahmet Tekin and Ahmed Emira
High Performance CMOS Range Imaging:
Device Technology and Systems Considerations
Andreas Siiss

Integrated Microsystems: Electronics, Photonics, and Biotechnology
Krzysztof Iniewski

Integrated Power Devices and TCAD Simulation
Yue Fu, Zhanming Li, Wai Tung Ng, and Johnny K.O. Sin

Internet Networks: Wired, Wireless, and Optical Technologies
Krzysztof Iniewski

Ionizing Radiation Effects in Electronics: From Memories to Imagers
Marta Bagatin and Simone Gerardin

Labs on Chip: Principles, Design, and Technology
Eugenio lannone

Laser-Based Optical Detection of Explosives
Paul M. Pellegrino, Ellen L. Holthoff, and Mikella E. Farrell

Low Power Emerging Wireless Technologies
Reza Mahmoudi and Krzysztof Iniewski

Medical Imaging: Technology and Applications
Troy Farncombe and Krzysztof Iniewski

Metallic Spintronic Devices
Xiaobin Wang

MEMS: Fundamental Technology and Applications
Vikas Choudhary and Krzysztof Iniewski



PUBLISHED TITLES:

Micro- and Nanoelectronics: Emerging Device Challenges and Solutions
Tomasz Brozek

Microfluidics and Nanotechnology: Biosensing to the Single Molecule Limit
Eric Lagally
MIMO Power Line Communications: Narrow and Broadband Standards,
EMC, and Advanced Processing
Lars Torsten Berger, Andreas Schwager, Pascal Pagani, and Daniel Schneider
Mixed-Signal Circuits
Thomas Noulis
Mobile Point-of-Care Monitors and Diagnostic Device Design
Walter Karlen
Multisensor Attitude Estimation: Fundamental Concepts and Applications
Hassen Fourati and Djamel Eddine Chouaib Belkhiat
Multisensor Data Fusion: From Algorithm and Architecture Design
to Applications
Hassen Fourati
MRI: Physics, Image Reconstruction, and Analysis
Angshul Majumdar and Rabab Ward

Nano-Semiconductors: Devices and Technology
Krzysztof Iniewski

Nanoelectronic Device Applications Handbook
James E. Morris and Krzysztof Iniewski

Nanomaterials: A Guide to Fabrication and Applications
Sivashankar Krishnamoorthy

Nanopatterning and Nanoscale Devices for Biological Applications
Seila Selimovic

Nanoplasmonics: Advanced Device Applications
James W. M. Chon and Krzysztof Iniewski

Nanoscale Semiconductor Memories: Technology and Applications
Santosh K. Kurinec and Krzysztof Iniewski

Novel Advances in Microsystems Technologies and Their Applications
Laurent A. Francis and Krzysztof Iniewski

Optical, Acoustic, Magnetic, and Mechanical Sensor Technologies
Krzysztof Iniewski

Optical Fiber Sensors: Advanced Techniques and Applications
Ginu Rajan

Optical Imaging Devices: New Technologies and Applications
Ajit Khosla and Dongsoo Kim



PUBLISHED TITLES:

Organic Solar Cells: Materials, Devices, Interfaces, and Modeling
Qigquan Qiao
Physical Design for 3D Integrated Circuits
Aida Todri-Sanial and Chuan Seng Tan

Power Management Integrated Circuits and Technologies
Mona M. Hella and Patrick Mercier

Radiation Detectors for Medical Imaging
Jan S. Iwanczyk

Radiation Effects in Semiconductors
Krzysztof Iniewski

Reconfigurable Logic: Architecture, Tools, and Applications
Pierre-Emmanuel Gaillardon

Semiconductor Radiation Detection Systems
Krzysztof Iniewski
Smart Grids: Clouds, Communications, Open Source, and Automation
David Bakken
Smart Sensors for Industrial Applications

Krzysztof Iniewski

Soft Errors: From Particles to Circuits

Jean-Luc Autran and Daniela Munteanu

Solid-State Radiation Detectors: Technology and Applications
Salah Awadalla

Structural Health Monitoring of Composite Structures Using Fiber
Optic Methods
Ginu Rajan and Gangadhara Prusty
Technologies for Smart Sensors and Sensor Fusion
Kevin Yallup and Krzysztof Iniewski

Telecommunication Networks
Eugenio lannone

Testing for Small-Delay Defects in Nanoscale CMOS Integrated Circuits
Sandeep K. Goel and Krishnendu Chakrabarty

Tunable RF Components and Circuits: Applications in Mobile Handsets
Jeffrey L. Hilbert

VLSI: Circuits for Emerging Applications
Tomasz Wojcicki

Wireless Medical Systems and Algorithms: Design and Applications
Pietro Salvo and Miguel Hernandez-Silveira



PUBLISHED TITLES:

Wireless Technologies: Circuits, Systems, and Devices
Krzysztof Iniewski

Wireless Transceiver Circuits: System Perspectives and Design Aspects
Woogeun Rhee

FORTHCOMING TITLES:

Advances in Imaging and Sensing
Shuo Tang and Daryoosh Saeedkia

Introduction to Smart eHealth and eCare Technologies
Sari Merilampi, Krzysztof Iniewski, and Andrew Sirkka

Magnetic Sensors: Technologies and Applications
Laurent A. Francis and Kirill Poletkin

Nanoelectronics: Devices, Circuits, and Systems
Nikos Konofaos

Radio Frequency Integrated Circuit Design
Sebastian Magierowski

Semiconductor Devices in Harsh Conditions
Kirsten Weide-Zaage and Malgorzata Chrzanowska-Jeske

X-Ray Diffraction Imaging: Technology and Applications
Joel Greenberg and Krzysztof Iniewski



Preface

Big data generated by the Internet of Things (IoT), healthcare, and the world wide
web (WWW) are changing our lifestyle and our society. Small chips are enabling
this change through data sensing, gathering, processing, storing and networking
through wireless and wired connections. This explosive growth of electronic devices
and their deployment in new applications have sparked an urgency to address their
environmentally benign and sustainable energy needs. The spread of mobile com-
puting and the IOT devices is limited by both battery life and form factor. Research
in the field of power management circuits and systems in the last 5-10 years has
explored integrated power management units with a small form factor, increased
power density, and efficient performance over a wide range of output power in the
quest for replacing and/or more efficiently operating with conventional rechargeable
batteries and carbon-based sources.

The book begins with a comparison between inductive and capacitive dc—dc
converters in terms of their passive devices, amenability to integration, and effi-
ciency at various load conditions. A hybrid inductive—capacitive converter is pro-
posed for wide-range dynamic voltage scaling, with details on the static, dynamic
performances and discussion of different loss mechanisms. Next, the design of single
inductor dual output (SIDO) and single inductor multiple output (SIMO) converters
are covered in detail in Chapters 2 and 3, including the presentation of different
design goals such as reducing the number of power switches and their associated
power losses, extending the output current range, reducing ripple, and improving
dynamic performance. Various control techniques are discussed to meet the differ-
ent design goals with an emphasis on adaptive pseudo-continuous conduction mode
(PCCM) detailed in Chapter 3. Design aspects of switched capacitor (SC) de—dc
converters are given in Chapters 4 through 6. While advantageous in terms of their
integration potential, switched capacitor converters have been limited to lower power
density applications in addition to lower efficiencies as the load moves away from
optimum design conditions. Techniques such as quasi-SC converters, soft-charging
or resonant SC converters, and recursive SC converters are detailed to address some
of the aforementioned limitations. Chapters 7 and 8 present a different perspective
on power management units through the use of GaAs pHEMTs for efficient high-
frequency switching converters. The details of device design, high-quality factor
passives, and circuit design techniques tailored to GaAs technology are discussed
in addition to reconfigurable output passive networks to maintain the high efficiency
of GaAs converters over wider voltage and current ranges. Some of the circuit tech-
niques such as resonant gate drivers are compared in both GaAs and CMOS tech-
nologies as in Chapter 8. While many of the chapters are focused around several key
publications in the field, rather than republishing the original papers, the authors
have expanded the material to provide more background and breadth than the origi-
nal publications. As such, the book would complement a graduate level course on
power electronics integrated circuits.

xi



xii Preface

We hope you find this book useful in your exploration of power management
integrated circuits and systems. There are many unique challenges to working with
integrated circuits whether it is in standard nanometer scale silicon technologies or
in ITI-V technologies. However, there are also many rewards to reap from having
such a “power system-on-chip” (PSOC) platform. As the editors, we would like to
thank the contributors to this book, including the graduate students and the contrib-
uting authors who have worked tirelessly to share their insights with you in this book.

Mona M. Hella
Patrick P. Mercier

MATLAB® is a registered trademark of The MathWorks, Inc. For product informa-
tion, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508-647-7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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