Cmos Analog Circuit Design Allen Holberg

This is a core textbook for a full course on the design and function of Analog Integrated Circuits.

It is a great honor to provide a few words of introduction for Dr. Georges Gielen's and Prof. Willy Sansen's book "Symbolic analysis for
automated design of analog integrated circuits". The symbolic analysis method presented in this book represents a significant step forward in
the area of analog circuit design. As demonstrated in this book, symbolic analysis opens up new possibilities for the development of computer-
aided design (CAD) tools that can analyze an analog circuit topology and automatically size the components for a given set of specifications.
Symbolic analysis even has the potential to improve the training of young analog circuit designers and to guide more experienced designers
through second-order phenomena such as distortion. This book can also serve as an excellent reference for researchers in the analog circuit
design area and creators of CAD tools, as it provides a comprehensive overview and comparison of various approaches for analog circuit
design automation and an extensive bibliography. The world is essentially analog in nature, hence most electronic systems involve both
analog and digital circuitry. As the number of transistors that can be integrated on a single integrated circuit (IC) substrate steadily increases
over time, an ever increasing number of systems will be implemented with one, or a few, very complex ICs because of their lower production
costs.

This book brings together important contributions and state-of-the-art research results in the rapidly advancing area of symbolic analysis of
analog circuits. It is also of interest to those working in analog CAD. The book is an excellent reference, providing insights into some of the
most important issues in the symbolic analysis of analog circuits.

The essentials of analog circuit design with a unique all-region MOSFET modeling approach.
bbb bbbl

High-speed, power-efficient analog integrated circuits can be used as standalone devices or to interface modern digital signal processors and
micro-controllers in various applications, including multimedia, communication, instrumentation, and control systems. New architectures and
low device geometry of complementary metaloxidesemiconductor (CMOS) technologies have accelerated the movement toward system on a
chip design, which merges analog circuits with digital, and radio-frequency components. CMOS: Analog Integrated Circuits: High-Speed and
Power-Efficient Design describes the important trends in designing these analog circuits and provides a complete, in-depth examination of
design techniques and circuit architectures, emphasizing practical aspects of integrated circuit implementation. Focusing on designing and
verifying analog integrated circuits, the author reviews design techniques for more complex components such as amplifiers, comparators, and
multipliers. The book details all aspects, from specification to the final chip, of the development and implementation process of filters, analog-
to-digital converters (ADCSs), digital-to-analog converters (DACs), phase-locked loops (PLLs), and delay-locked loops (DLLS). It also
describes different equivalent transistor models, design and fabrication considerations for high-density integrated circuits in deep-
submicrometer process, circuit structures for the design of current mirrors and voltage references, topologies of suitable amplifiers,
continuous-time and switched-capacitor circuits, modulator architectures, and approaches to improve linearity of Nyquist converters. The text
addresses the architectures and performance limitation issues affecting circuit operation and provides conceptual and practical solutions to
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problems that can arise in the design process. This reference provides balanced coverage of theoretical and practical issues that will allow
the reader to design CMOS analog integrated circuits with improved electrical performance. The chapters contain easy-to-follow
mathematical derivations of all equations and formulas, graphical plots, and open-ended design problems to help determine most suitable
architecture for a given set of performance specifications. This comprehensive and illustrative text for the design and analysis of CMOS
analog integrated circuits serves as a valuable resource for analog circuit designers and graduate students in electrical engineering.

Design of Very High-Frequency Multirate Switched-Capacitor Circuits presents the theory and the corresponding CMOS implementation of
the novel multirate sampled-data analog interpolation technique which has its great potential on very high-frequency analog frond-end filtering
due to its inherent dual advantage of reducing the speed of data-converters and DSP core together with the specification relaxation of the
post continuous-time filtering. This technique completely eliminates the traditional phenomenon of sampled-and-hold frequency-shaping at
the lower input sampling rate. Also, in order to tackle physical IC imperfections at very high frequency, the state-of-the-art circuit design and
layout techniques for high-speed Switched-Capacitor (SC) circuits are comprehensively discussed: -Optimum circuit architecture tradeoff
analysis -Simple speed and power trade-off analysis of active elements -High-order filtering response accuracy with respect to capacitor-ratio
mismatches -Time-interleaved effect with respect to gain and offset mismatch -Time-interleaved effect with respect to timing-skew and
random jitter with non-uniformly holding -Stage noise analysis and allocation scheme -Substrate and supply noise reduction -Gain-and offset-
compensation techniques -High-bandwidth low-power amplifier design and layout -Very low timing-skew multiphase generation Two tailor-
made optimum design examples in CMOS are presented. The first one achieves a 3-stage 8-fold SC interpolating filter with 5.5MHz
bandwidth and 108MHz output sampling rate for a NTSC/PAL CCIR 601 digital video at 3 V. Another is a 15-tap 57MHz SC FIR bandpass
interpolating filter with 4-fold sampling rate increase to 320MHz and the first-time embedded frequency band up-translation for DDFS system
at 2.5V. The corresponding chip prototype achieves so far the highest operating frequency, highest filter order and highest center frequency

with highest dynamic range under the lowest supply voltage when compared to the previously reported high-frequency SC filters in CMOS.
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A graduate level text presenting the principles and techniques for designing analog circuits to be implemented in a CMOS technology. The
authors' industrial experience and knowledge is reflected in the circuits, techniques, and principles presented and the text is useful for both
practical and academic research.

CMOS Analog Circuit DesignOxford University Press, USA

Structured Analog CMOS Design describes a structured analog design approach that makes it possible to simplify complex analog design
problems and develop a design strategy that can be used for the design of large number of analog cells. It intentionally avoids treating the
analog design as a mathematical problem, developing a design procedure based on the understanding of device physics and approximations
that give insight into parameter interdependences. The basic design concept consists in analog cell partitioning into the basic analog
structures and sizing of these basic analog structures in a predefined procedural design sequence. The procedural design sequence ensures
the correct propagation of design specifications, the verification of parameter limits and the local optimization loops. The proposed design

procedure is also implemented as a CAD tool that follows this bogaléé ”



Analog CMOS integrated circuits are in widespread use for communications, entertainment, multimedia, biomedical, and many other
applications that interface with the physical world. Although analog CMOS design is greatly complicated by the design choices of drain
current, channel width, and channel length present for every MOS device in a circuit, these design choices afford significant opportunities for
optimizing circuit performance. This book addresses tradeoffs and optimization of device and circuit performance for selections of the drain
current, inversion coefficient, and channel length, where channel width is implicitly considered. The inversion coefficient is used as a
technology independent measure of MOS inversion that permits design freely in weak, moderate, and strong inversion. This book details the
significant performance tradeoffs available in analog CMOS design and guides the designer towards optimum design by describing: An
interpretation of MOS modeling for the analog designer, motivated by the EKV MOS model, using tabulated hand expressions and figures
that give performance and tradeoffs for the design choices of drain current, inversion coefficient, and channel length; performance includes
effective gate-source bias and drain-source saturation voltages, transconductance efficiency, transconductance distortion, normalized drain-
source conductance, capacitances, gain and bandwidth measures, thermal and flicker noise, mismatch, and gate and drain leakage current
Measured data that validates the inclusion of important small-geometry effects like velocity saturation, vertical-field mobility reduction, drain-
induced barrier lowering, and inversion-level increases in gate-referred, flicker noise voltage In-depth treatment of moderate inversion, which
offers low bias compliance voltages, high transconductance efficiency, and good immunity to velocity saturation effects for circuits designed
in modern, low-voltage processes Fabricated design examples that include operational transconductance amplifiers optimized for various
tradeoffs in DC and AC performance, and micropower, low-noise preamplifiers optimized for minimum thermal and flicker noise A design
spreadsheet, available at the book web site, that facilitates rapid, optimum design of MOS devices and circuits Tradeoffs and Optimization in
Analog CMOS Design is the first book dedicated to this important topic. It will help practicing analog circuit designers and advanced students
of electrical engineering build design intuition, rapidly optimize circuit performance during initial design, and minimize trial-and-error circuit
simulations.

????:Design of mos vlsi circuits for telecommunications

The Third Edition of CMOS Circuit Design, Layout, and Simulation continues to cover the practical design of both analog and digital
integrated circuits, offering a vital, contemporary view of a wide range of analog/digital circuit blocks including: phase-locked-loops, delta-
sigma sensing circuits, voltage/current references, op-amps, the design of data converters, and much more. Regardless of one's integrated
circuit (IC) design skill level, this book allows readers to experience both the theory behind, and the hands-on implementation of,
complementary metal oxide semiconductor (CMOS) IC design via detailed derivations, discussions, and hundreds of design, layout, and
simulation examples.

This book describes several techniques to address variation-related design challenges for analog blocks in mixed-signal systems-on-chip.
The methods presented are results from recent research works involving receiver front-end circuits, baseband filter linearization, and data
conversion. These circuit-level techniques are described, with their relationships to emerging system-level calibration approaches, to tune the
performances of analog circuits with digital assistance or control. Coverage also includes a strategy to utilize on-chip temperature sensors to
measure the signal power and linearity characteristics of analog/IFRaI;e%i/gcuits, as demonstrated by test chip measurements. Describes a variety



of variation-tolerant analog circuit design examples, including from RF front-ends, high-performance ADCs and baseband filters; Includes
built-in testing techniques, linked to current industrial trends; Balances digitally-assisted performance tuning with analog performance tuning
and mismatch reduction approaches; Describes theoretical concepts as well as experimental results for test chips designed with variation-
aware techniques.

After years of anticipation, respected authors Phil Allen and Doug Holberg bring you the second edition of their popular textbook, CMOS
Analog Circuit Design. From the forefront of CMOS technology, Phil and Doug have combined their expertise as engineers and academics to
present a cutting-edge and effective overview of the principles and techniques for designing circuits. Their two main goals are:DT to mix the
academic and practical viewpoints in a treatment that is neither superficial nor overly detailed andDT to teach analog integrated circuit design
with a hierarchically organized approach.Most of the techniques and principles presented in the second edition have been taught over the last
ten years to industry members. Their needs and questions have greatly shaped the revision process, making this new edition a valuable
resource for practicing engineers.The trademark approach of Phil and Doug's textbook is its design recipes, which take readers step-by-step
through the creation of real circuits, explaining complex design problems. The book provides detailed coverage of often-neglected areas and
deliberately leaves out bipolar analog circuits, since CMOS is the dominant technology for analog integrated circuit design. Appropriate for
advanced undergraduates and graduate students with background knowledge in basic electronics including biasing, modeling, circuit
analysis, and frequency response, CMOS Analog Circuit Design, Second Edition, presents a complete picture of design (including modeling,
simulation, and testing) and enables readers to design an analog circuit that can be implemented by CMOS technology.FeaturesDT Orients
the experience of the expert within the perspective of design methodologyDT Identifies common mistakes made by beginning designersDT
Provides problems with each chapter that reinforce and develop student understandingDT Contains numerous problems that can be used as
homework, quiz, or exam problemsDT Includes a new section on switched-capacitor circuitsDT Includes helpful appendices that provide
simulation techniques and the following supplemental material:A brief review of circuit analysis for CMOS analog designA calculator program
for analyzing CMOS circuitsA summary of time-frequency domain relationships for second-order systems

Reliability concerns and the limitations of process technology can sometimes restrict the innovation process involved in designing nano-scale
analog circuits. The success of nano-scale analog circuit design requires repeat experimentation, correct analysis of the device physics,
process technology, and adequate use of the knowledge database. Starting with the basics, Nano-Scale CMOS Analog Circuits: Models and
CAD Techniques for High-Level Design introduces the essential fundamental concepts for designing analog circuits with optimal
performances. This book explains the links between the physics and technology of scaled MOS transistors and the design and simulation of
nano-scale analog circuits. It also explores the development of structured computer-aided design (CAD) techniques for architecture-level and
circuit-level design of analog circuits. The book outlines the general trends of technology scaling with respect to device geometry, process
parameters, and supply voltage. It describes models and optimization techniques, as well as the compact modeling of scaled MOS transistors
for VLSI circuit simulation. ¢ Includes two learning-based methods: the artificial neural network (ANN) and the least-squares support vector
machine (LS-SVM) method ¢ Provides case studies demonstrating the practical use of these two methods ¢ Explores circuit sizing and
specification translation tasks ¢ Introduces the particle swarm optimization technique and provides examples of sizing analog circuits *
Discusses the advanced effects of scaled MOS transistors like narrow width effects, and vertical and lateral channel engineering Nano-Scale
CMOS Analog Circuits: Models and CAD Techniques for High-LeP\égeI Resign describes the models and CAD techniques, explores the physics



of MOS transistors, and considers the design challenges involving statistical variations of process technology parameters and reliability
constraints related to circuit design.

"A textbook for 4th year undergraduate/first year graduate electrical engineering students"--

?7?. Analog MOS integrated circuits for signal processing/Roubik Gregorian, Gabor C. Temes. -- Wiley, 1986

This book provides readers with detailed explanation of the design principles of CMOS integrated circuits for wireless medical and
health care, from the perspective of two successfully-commercialized applications. Design techniques for both the circuit block
level and the system level are discussed, based on real design examples. CMOS IC design techniques for the entire signal chain
of wireless medical and health care systems are covered, including biomedical signal acquisition, wireless transceivers, power
management and SoC integration, with emphasis on ultra-low-power IC design techniques.

Chip-integrated power management solutions are a must for ultra-low power systems. This enables not only the optimization of
innovative sensor applications. It is also essential for integration and miniaturization of energy harvesting supply strategies of
portable and autonomous monitoring systems. The book particularly addresses interfaces for energy harvesting, which are the key
element to connect micro transducers to energy storage elements. Main features of the book are: - A comprehensive technology
and application review, basics on transducer mechanics, fundamental circuit and control design, prototyping and testing, up to
sensor system supply and applications. - Novel interfacing concepts - including active rectifiers, MPPT methods for efficient
tracking of DC as well as AC sources, and a fully-integrated charge pump for efficient maximum AC power tracking at sub-100?W
ultra-low power levels. The chips achieve one of widest presented operational voltage range in standard CMOS technology: 0.44V
to over 4.1V. - Two special chapters on analog circuit design — it studies benefits and obstacles on implemented chip prototypes
with three goals: ultra- low power, wide supply voltage range, and integration with standard technologies. Alternative design
approaches are pursued using bulk-input transistor stages in forward-bias operation for amplifiers, modulators, and references. -
Comprehensive Appendix — with additional fundamental analysis, design and scaling guidelines, circuit implementation tables and
dimensions, schematics, source code listings, bill of material, etc. The discussed prototypes and given design guidelines are
tested with real vibration transducer devices. The intended readership is graduate students in advanced courses, academics and
lecturers, R&D engineers.

Since scaling of CMOS is reaching the nanometer area serious limitations enforce the introduction of novel materials, device
architectures and device concepts. Multi-gate devices employing high-k gate dielectrics are considered as promising solution
overcoming these scaling limitations of conventional planar bulk CMOS. Variation Aware Analog and Mixed-Signal Circuit Design
in Emerging Multi-Gate CMOS Technologies provides a technology oriented assessment of analog and mixed-signal circuits in
emerging high-k and multi-gate CMOS technologies.

A book is like a window that allows you to look into the world. The window is shaped by the author and that makes that every
window presents a unique view of the world. This is certainly true for this book. It is shaped by the topics and the projects
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throughout my career. Even more so, this book re?ects my own style of working and thinking. That starts already in Chap. 2. When
| joined Philips Research in 1979, many of my colleagues used little paper notebooks to keep track of the most used equations
and other practical things. This notebook was the beginning for Chap. 2: a collection of topics that form the basis for much of the
other chapters. Chapter2 is not intended to explain these topics, but to refresh your knowledge and help you when you need some
basics to solve more complex issues. In the chapters discussing the fundamental processes of conversion, you will r- ognize my
preoccupation with mathematics. | really enjoy ?nding an equation that properly describes the underlying mechanism.
Nevertheless mathematics is not a goalonitsown:theequationshelptounderstandthewaythevariablesareconnected to the result.
Real insight comes from understanding the physics and electronics. In the chapters on circuit design | have tried to reduce the
circuit diagrams to the s- plest form, but not simpler. . . | do have private opinions on what works and what should not be applied.
As the frequency of communication systems increases and the dimensions of transistors are reduced, more and more stringent
performance requirements are placed on analog circuits. This is a trend that is bound to continue for the foreseeable future and
while it does, understanding performance trade-offs will constitute a vital part of the analog design process. It is the insight and
intuition obtained from a fundamental understanding of performance conflicts and trade-offs, that ultimately provides the designer
with the basic tools necessary for effective and creative analog design. Trade-offs in Analog Circuit Design, which is devoted to the
understanding of trade-offs in analog design, is quite unique in that it draws together fundamental material from, and identifies
interrelationships within, a number of key analog circuits. The book covers ten subject areas: Design methodology, Technology,
General Performance, Filters, Switched Circuits, Oscillators, Data Converters, Transceivers, Neural Processing, and Analog CAD.
Within these subject areas it deals with a wide diversity of trade-offs ranging from frequency-dynamic range and power, gain-
bandwidth, speed-dynamic range and phase noise, to tradeoffs in design for manufacture and IC layout. The book has by far
transcended its original scope and has become both a designer's companion as well as a graduate textbook. An important feature
of this book is that it promotes an intuitive approach to understanding analog circuits by explaining fundamental relationships and,
iIn many cases, providing practical illustrative examples to demonstrate the inherent basic interrelationships and trade-offs. Trade-
offs in Analog Circuit Design draws together 34 contributions from some of the world's most eminent analog circuits-and-systems
designers to provide, for the first time, a comprehensive text devoted to a very important and timely approach to analog circuit
design.
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This book highlights key design issues and challenges to guarantee the development of successful applications of analog
circuits. Researchers around the world share acquired experience and insights to develop advances in analog circuit
design, modeling and simulation. The key contributions of the sixteen chapters focus on recent advances in analog

circuits to accomplish academic or industrial target spe%ificggions.
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This text presents the principles and techniques for designing analog circuits to be implemented in a CMOS technology.
The level is appropriate for seniors and graduate students familiar with basic electronics, including biasing, modeling,
circuit analysis, and some familiarity with frequency response. Students learn the methodology of analog integrated
circuit design through a hierarchically-oriented approach to the subject that provides thorough background and practical
guidance for designing CMOS analog circuits, including modeling, simulation, and testing. The authors' vast industrial
experience and knowledge is reflected in the circuits, techniques, and principles presented. They even identify the many
common pitfalls that lie in the path of the beginning designer--expert advice from veteran designers. The text mixes the
academic and practical viewpoints in a treatment that is neither superficial nor overly detailed, providing the perfect
balance.

During the last decade, CMOS has become increasingly attractive as a basic integrated circuit technology due to its low
power (at moderate frequencies), good scalability, and rail-to-rail operation. There are now a variety of CMOS circuit
styles, some based on static complementary con ductance properties, but others borrowing from earlier NMOS
techniques and the advantages of using clocking disciplines for precharge-evaluate se quencing. In this comprehensive
book, the reader is led systematically through the entire range of CMOS circuit design. Starting with the in dividual
MOSFET, basic circuit building blocks are described, leading to a broad view of both combinatorial and sequential
circuits. Once these circuits are considered in the light of CMOS process technologies, impor tant topics in circuit
performance are considered, including characteristics of interconnect, gate delay, device sizing, and I/O buffering. Basic
circuits are then composed to form macro elements such as multipliers, where the reader acquires a unified view of
architectural performance through par allelism, and circuit performance through careful attention to circuit-level and
layout design optimization. Topics in analog circuit design reflect the growing tendency for both analog and digital circuit
forms to be combined on the same chip, and a careful treatment of BICMOS forms introduces the reader to the
combination of both FET and bipolar technologies on the same chip to provide improved performance.

Computer-Aided Design of Analog Circuits and Systems brings together in one place important contributions and state-of-
the-art research results in the rapidly advancing area of computer-aided design of analog circuits and systems. This book
serves as an excellent reference, providing insights into some of the most important issues in the field.

-- Projects include many program files in LabView, Mathcad and SPICE which professionals would not have time to
create on their own.-- LabView allows engineers to turn their desktop into the instrument-- Analog circuit design is still

vital in building communications devices - the addition of LabView makes this process more precise and time efficientThis
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book presents a study of analog electronics. It consists of theory and closely coupled experiments, which are based
entirely on computer-based data acquisition using LabView. The topics included treat many of the relevant aspects of
basic modern electronics.

The purpose of this book is to present analysis and design principles, procedures and techniques of analog integrated
circuits which are to be implemented in MOS (metal oxide semiconductor) technology. MOS technology is becoming
dominant in the realization of digital systems, and its use for analog circuits opens new pos sibilities for the design of
complex mixed analog/digital VLSI (very large scale in tegration) chips. Although we are focusing attention in this book
principally on circuits and systems which can be implemented in CMOS technology, many con siderations and structures
are of a general nature and can be adapted to other promising and emerging technologies, namely GaAs (Gallium
Arsenide) and Bl MOS (bipolar MOS, i. e. circuits which combine both bipolar and CMOS devices) technology. Moreover,
some of the structures and circuits described in this book can also be useful without integration. In this book we describe
two large classes of analog integrated circuits: ¢ switched capacitor (SC) networks, ¢ continuous-time CMOS
(unswitched) circuits. SC networks are sampled-data systems in which electric charges are transferred from one point to
another at regular discrete intervals of time and thus the signal samples are stored and processed. Other circuits
belonging to this class of sampled-data systems are charge transfer devices (CTD) and charge coupled dev ices (CCD).
In contrast to SC circuits, continuous-time CMOS circuits operate continuously in time. They can be considered as
subcircuits or building blocks (e. g.
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