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This modern, pedagogic textbook from leading author Behzad Razavi provides a comprehensive and rigorous introduction to CMOS PLL
design, featuring intuitive presentation of theoretical concepts, extensive circuit simulations, over 200 worked examples, and 250 end-ofchapter problems. The perfect text for senior undergraduate and graduate students.
"The increasing demand for high-speed transport of data has revitalized optical communications, leading to extensive work on high-speed
device and circuit design. This book deals with the design of high-speed integrated circuits for optical communicationtransceivers.Building
upon a detailed understanding of optical devices, the book describes the analysis and design of critical building blocks, such as
transimpedance and limiting amplifiers, laser drivers, phase-locked loops, oscillators, clock and datarecovery circuits, and multiplexers.This
second edition of this best selling textbook has been updated to provide information on the latest developments in the field"-By helping students develop an intuitive understanding of the subject, Microelectronics teaches them to think like engineers. The second
edition of Razavi’s Microelectronics retains its hallmark emphasis on analysis by inspection and building students’ design intuition, and it
incorporates a host of new pedagogical features that make it easier to teach and learn from, including: application sidebars, self-check
problems with answers, simulation problems with SPICE and MULTISIM, and an expanded problem set that is organized by degree of
difficulty and more clearly associated with specific chapter sections.
Many interesting design trends are shown by the six papers on operational amplifiers (Op Amps). Firstly. there is the line of stand-alone Op
Amps using a bipolar IC technology which combines high-frequency and high voltage. This line is represented in papers by Bill Gross and
Derek Bowers. Bill Gross shows an improved high-frequency compensation technique of a high quality three stage Op Amp. Derek Bowers
improves the gain and frequency behaviour of the stages of a two-stage Op Amp. Both papers also present trends in current-mode feedback
Op Amps. Low-voltage bipolar Op Amp design is presented by leroen Fonderie. He shows how multipath nested Miller compensation can be
applied to turn rail-to-rail input and output stages into high quality low-voltage Op Amps. Two papers on CMOS Op Amps by Michael Steyaert
and Klaas Bult show how high speed and high gain VLSI building blocks can be realised. Without departing from a single-stage OT A
structure with a folded cascode output, a thorough high frequency design technique and a gain-boosting technique contributed to the highspeed and the high-gain achieved with these Op Amps. . Finally. Rinaldo Castello shows us how to provide output power with CMOS buffer
amplifiers. The combination of class A and AB stages in a multipath nested Miller structure provides the required linearity and bandwidth.
Market_Desc: · Engineers· Managers· Technicians About The Book: The book describes the operating principles of analog MOS integrated
circuits and how to design and use such circuits. The initial section explores general properties of analog MOS integrated circuits and the
math and physics background required. The remainder of the book is devoted to the design of circuits. It includes such devices as switchedcapacitor filters, analog-to-digital and digital-to-analog converters, amplifiers, modulators, oscillators, and others. Tables and numerical
design examples clarify the step-by-step processes involved. An Instructor's Manual presenting detailed solutions to all the problems in the
book is available from the Wiley editorial department.
Top-down approach to practical, tool-independent, digital circuit design, reflecting how circuits are designed.
- Applicable for bookstore catalogue

This advanced text and reference covers the design and implementation of integrated circuits for analog-to-digital and
digital-to-analog conversion. It begins with basic concepts and systematically leads the reader to advanced topics,
describing design issues and techniques at both circuit and system level. Gain a system-level perspective of data
conversion units and their trade-offs with this state-of-the art book. Topics covered include: sampling circuits and
architectures, D/A and A/D architectures; comparator and op amp design; calibration techniques; testing and
characterization; and more!
This is the only comprehensive book in the market for engineers that covers the design of CMOS and bipolar analog
integrated circuits. The fifth edition retains its completeness and updates the coverage of bipolar and CMOS circuits. A
thorough analysis of a new low-voltage bipolar operational amplifier has been added to Chapters 6, 7, 9, and 11. Chapter
12 has been updated to include a fully differential folded cascode operational amplifier example. With its streamlined and
up-to-date coverage, more engineers will turn to this resource to explore key concepts in the field.
The fourth edition of CMOS Digital Integrated Circuits: Analysis and Design continues the well-established tradition of the
earlier editions by offering the most comprehensive coverage of digital CMOS circuit design, as well as addressing stateof-the-art technology issues highlighted by the widespread use of nanometer-scale CMOS technologies. In this latest
edition, virtually all chapters have been re-written, the transistor model equations and device parameters have been
revised to reflect the sigificant changes that must be taken into account for new technology generations, and the material
has been reinforced with up-to-date examples. The broad-ranging coverage of this textbook starts with the fundamentals
of CMOS process technology, and continues with MOS transistor models, basic CMOS gates, interconnect effects,
dynamic circuits, memory circuits, arithmetic building blocks, clock and I/O circuits, low power design techniques, design
for manufacturability and design for testability.
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,
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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.
This edition combines the consideration of metal-oxide-semiconductors (MOS) and bipolar circuits into a unified
treatment that also includes MOS-bipolar connections made possible by BiCMOS technology. Contains extensive use of
SPICE, especially as an integral part of many examples in the problem sets as a more accurate check on hand
calculations and as a tool to examine complex circuit behavior beyond the scope of hand analysis. Concerned largely
with the design of integrated circuits, a considerable amount of material is also included on applications.
This book presents state-of-the-art analog and power management IC design techniques for various wireless power
transfer (WPT) systems. To create elaborate power management solutions, circuit designers require an in-depth
understanding of the characteristics of each converter and regulator in the power chain. This book addresses WPT
design issues at both system- and circuit-level, and serves as a handbook offering design insights for research students
and engineers in the integrated power electronics area.
Praise for CMOS: Circuit Design, Layout, and SimulationRevised Second Edition from the Technical Reviewers "A
refreshing industrial flavor. Design concepts are presented as they are needed for 'just-in-time' learning. Simulating and
designing circuits using SPICE is emphasized with literally hundreds of examples. Very few textbooks contain as much
detail as this one. Highly recommended!" --Paul M. Furth, New Mexico State University "This book builds a solid
knowledge of CMOS circuit design from the ground up. With coverage of process integration, layout, analog and digital
models, noise mechanisms, memory circuits, references, amplifiers, PLLs/DLLs, dynamic circuits, and data converters,
the text is an excellent reference for both experienced and novice designers alike." --Tyler J. Gomm, Design Engineer,
Micron Technology, Inc. "The Second Edition builds upon the success of the first with new chapters that cover additional
material such as oversampled converters and non-volatile memories. This is becoming the de facto standard textbook to
have on every analog and mixed-signal designer's bookshelf." --Joe Walsh, Design Engineer, AMI Semiconductor CMOS
circuits from design to implementation CMOS: Circuit Design, Layout, and Simulation, Revised Second Edition covers the
practical design of both analog and digital integrated circuits, offering a vital, contemporary view of a wide range of
analog/digital circuit blocks, the BSIM model, data converter architectures, and much more. This edition takes a two-path
approach to the topics: design techniques are developed for both long- and short-channel CMOS technologies and then
compared. The results are multidimensional explanations that allow readers to gain deep insight into the design process.
Features include: Updated materials to reflect CMOS technology's movement into nanometer sizes Discussions on
phase- and delay-locked loops, mixed-signal circuits, data converters, and circuit noise More than 1,000 figures, 200
examples, and over 500 end-of-chapter problems In-depth coverage of both analog and digital circuit-level design
techniques Real-world process parameters and design rules The book's Web site, CMOSedu.com, provides: solutions to
the book's problems; additional homework problems without solutions; SPICE simulation examples using HSPICE,
LTspice, and WinSpice; layout tools and examples for actually fabricating a chip; and videos to aid learning
A practical, engineering book discussing the most modern and general techniques for designing analog integrated circuits which
are not digital (excluding computer circuits). Covers the basics of the devices, manufacturing technology, design procedures,
shortcuts, and analytic techniques. Includes examples and illustrations of the best current practice.
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.
The essentials of analog circuit design with a unique all-region MOSFET modeling approach.
Provides an introduction to numerical methods for students in engineering. It uses Python 3, an easy-to-use, high-level
programming language.
The purpose of this book is to provide a complete working knowledge of the Complementary Metal-Oxide Semiconductor (CMOS)
analog and mixed-signal circuit design, which can be applied for System on Chip (SOC) or Application-Specific Standard Product
(ASSP) development. It begins with an introduction to the CMOS analog and mixed-signal circuit design with further coverage of
basic devices, such as the Metal-Oxide Semiconductor Field-Effect Transistor (MOSFET) with both long- and short-channel
operations, photo devices, fitting ratio, etc. Seven chapters focus on the CMOS analog and mixed-signal circuit design of
amplifiers, low power amplifiers, voltage regulator-reference, data converters, dynamic analog circuits, color and image sensors,
and peripheral (oscillators and Input/Output [I/O]) circuits, and Integrated Circuit (IC) layout and packaging. Features: Provides
practical knowledge of CMOS analog and mixed-signal circuit design Includes recent research in CMOS color and image sensor
technology Discusses sub-blocks of typical analog and mixed-signal IC products Illustrates several design examples of analog
circuits together with layout Describes integrating based CMOS color circuit
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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.
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.

It follows with a thorough treatment of design operational and operational transconductance amplifiers, and concludes
with a unified presentation of sample-data and continuous-time signal processing systems.
Includes plenty of design examples together with the key issues encountered in real-world design scenarios, for students
and practising engineers.
Richard Jaeger and Travis Blalock present a balanced coverage of analog and digital circuits; students will develop a
comprehensive understanding of the basic techniques of modern electronic circuit design, analog and digital, discrete
and integrated. A broad spectrum of topics are included in Microelectronic Circuit Design which gives the professor the
option to easily select and customize the material to satisfy a two-semester or three-quarter sequence in electronics.
Jaeger/Blalock emphasizes design through the use of design examples and design notes. Excellent pedagogical
elements include chapter opening vignettes, chapter objectives, “Electronics in Action” boxes, a problem-solving
methodology, and "Design Note” boxes. The use of the well-defined problem-solving methodology presented in this text
can significantly enhance an engineer’s ability to understand the issues related to design. The design examples assist in
building and understanding the design process.
Market_Desc: Engineers Special Features: " Updates the coverage of bipolar technologies" Enhances the discussion of
biCMOS" Provides a more unified treatment of digital and analog circuit design while strengthening the coverage of
CMOS" Removes the chapter on non-linear analog circuits" Adds a new operational amplifier example to chapter 11
About The Book: This is the only comprehensive book in the market for engineers that covers CMOS, bipolar
technologies, and biCMOS integrated circuits. The fifth edition retains its completeness, updates the coverage of bipolar
technologies, and enhances the discussion of biCMOS. It provides a more unified treatment of digital and analog circuit
design while strengthening the coverage of CMOS. The chapter on non-linear analog circuits has been removed and
chapter 11 has been updated to include an operational amplifier example. With its streamlined and up-to-date coverage,
more engineers can turn to this resource to explore key concepts in the field.
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 NanoScale CMOS Analog Circuits: Models and CAD Techniques for High-Level Design 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.
As the requirements for low power consumption and very small physical dimensions in portable, wearable and
implantable medical devices are calling for integrated circuit design techniques using MOSFETs operating in the
subthreshold regime, this book first revisits some well-known circuit techniques that use CMOS devices biased in
subthreshold in order to establish nanopower integrated circuit designs. Based on the these findings, this book shows the
development of a class-AB current-mode sample-and-hold circuit with an order of magnitude improvement in its figure of
merit compared to other state-of-the-art designs. Also, the concepts and design procedures of 1) single-branch filters 2)
follower-integrator-based lowpass filters and 3) modular transconductance reduction techniques for very low frequency
filters are presented. Finally, to serve the requirement of a very large signal swing in an energy-based action potential
detector, a nanopower class-AB current-mode analog multiplier is designed to handle input current amplitudes of more
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than 10 times the bias current of the multiplier circuit. The invented filter circuits have been fabricated in a standard 0.18
µ CMOS process in order to verify our circuit concepts and design procedures. Their experimental results are reported.
This textbook deals with the analysis and design of analog CMOS integrated circuits, emphasizing recent technological
developments and design paradigms that students and practicing engineers need to master to succeed in today's
industry. Based on the author's teaching and research experience in the past ten years, the text follows three general
principles: (1) Motivate the reader by describing the significance and application of each idea with real-world problems;
(2) Force the reader to look at concepts from an intuitive point of view, preparing him/her for more complex problems; (3)
Complement the intuition by rigorous analysis, confirming the results obtained by the intuitive, yet rough approach.
Analogue IC Design has become the essential title covering the current-mode approach to integrated circuit design. The approach has
sparked much interest in analogue electronics and is linked to important advances in integrated circuit technology, such as CMOS VLSI
which allows mixed analogue and digital circuits and high-speed GaAs processing.
Discover a fresh approach to efficient and insight-driven analog integrated circuit design in nanoscale-CMOS with this hands-on guide. Expert
authors present a sizing methodology that employs SPICE-generated lookup tables, enabling close agreement between hand analysis and
simulation. This enables the exploration of analog circuit tradeoffs using the gm/ID ratio as a central variable in script-based design flows, and
eliminates time-consuming iterations in a circuit simulator. Supported by downloadable MATLAB code, and including over forty detailed
worked examples, this book will provide professional analog circuit designers, researchers, and graduate students with the theoretical knowhow and practical tools needed to acquire a systematic and re-use oriented design style for analog integrated circuits in modern CMOS.
With the exponential growth of the number of Internet nodes, the volume of the data transported on the backbone has increased with the
same trend. The load of the global Internet backbone will soon increase to tens of terabits per second. This indicates that the backbone
bandwidth requirements will increase by a factor of 50 to 100 every seven years. Transportation of such high volumes of data requires
suitable media with low loss and high bandwidth. Among the available transmission media, optical fibers achieve the best performance in
terms of loss and bandwidth. High-speed data can be transported over hundreds of kilometers of single-mode fiber without significant loss in
signal integrity. These fibers progressively benefit from reduction of cost and improvement of perf- mance. Meanwhile, the electronic
interfaces used in an optical network are not capable of exploiting the ultimate bandwidth of the fiber, limiting the throughput of the network.
Different solutions at both the system and the circuit levels have been proposed to increase the data rate of the backbone. System-level
solutions are based on the utilization of wave-division multiplexing (WDM), using different colors of light to transmit s- eral sequences
simultaneously. In parallel with that, a great deal of effort has been put into increasing the operating rate of the electronic transceivers using
highly-developed fabrication processes and novel c- cuit techniques.
The 2nd Edition of Analog Integrated Circuit Design focuses on more coverage about several types of circuits that have increased in
importance in the past decade. Furthermore, the text is enhanced with material on CMOS IC device modeling, updated processing layout and
expanded coverage to reflect technical innovations. CMOS devices and circuits have more influence in this edition as well as a reduced
amount of text on BiCMOS and bipolar information. New chapters include topics on frequency response of analog ICs and basic theory of
feedback amplifiers.
Fundamentals of Microelectronics, 2nd Edition is designed to build a strong foundation in both design and analysis of electronic circuits this
text offers conceptual understanding and mastery of the material by using modern examples to motivate and prepare readers for advanced
courses and their careers. The books unique problem-solving framework enables readers to deconstruct complex problems into components
that they are familiar with which builds the confidence and intuitive skills needed for success.
A comprehensive introduction to CMOS and bipolar analog IC design. The book presumes no prior knowledge of linear design, making it
comprehensible to engineers with a non-analog back-ground. The emphasis is on practical design, covering the entire field with hundreds of
examples to explain the choices. Concepts are presented following the history of their discovery. Content: 1. Devices Semiconductors, The
Bipolar Transistor, The Integrated Circuit, Integrated NPN Transistors, The Case of the Lateral PNP Transistor, CMOS Transistors, The
Substrate PNP Transistor, Diodes, Zener Diodes, Resistors, Capacitors, CMOS vs. Bipolar; 2. Simulation, DC Analysis, AC Analysis,
Transient Analysis, Variations, Models, Diode Model, Bipolar Transis-tor Model, Model for the Lateral PNP Transistor, MOS Transistor
Models, Resistor Models, Models for Capacitors; 3. Current Mirrors; 4. Differential Pairs; 5. Current Sources; 6. Time Out: Analog Measures,
dB, RMS, Noise, Fourier Analysis, Distortion, Frequency Compensation; 7. Bandgap References; 8. Op Amps; 9. Comparators; 10.
Transimpedance Amplifiers; 11. Timers and Oscillators; 12. Phase-Locked Loops; 13. Filters; 14. Power, Linear Regulators, Low Drop-Out
Regulators, Switching Regulators, Linear Power Amplifiers, Switching Power Am-plifiers; 15. A to D and D to A, The Delta-Sigma Converter;
16. Odds and Ends, Gilbert Cell, Multipliers, Peak Detectors, Rectifiers and Averaging Circuits, Thermometers, Zero-Crossing Detectors; 17.
Layout.
Design of Analog CMOS Integrated CircuitsMcGraw-Hill EducationDesign of Analog CMOS Integrated CircuitsTata McGraw-Hill
EducationCMOS analog circuit designCMOS Analog Integrated CircuitsHigh-Speed and Power-Efficient Design, Second EditionCRC Press
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