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Book Concept: Beyond the Circuits: Mastering
Analog CMOS Design with Behzad Razavi

Logline: Unlock the secrets of analog CMOS design, transcending the textbook
to master the art and science behind creating the essential building blocks
of modern electronics.

Target Audience: Undergraduate and graduate students in electrical
engineering, practicing engineers seeking to deepen their expertise, and
hobbyists with a strong electronics background.

Storyline/Structure:

The book won't be a dry recitation of Razavi's text (though it will deeply
respect and build upon it). Instead, it will take a narrative approach,
weaving together theoretical concepts with real-world applications and
insightful anecdotes. Each chapter will focus on a critical aspect of analog
CMOS design, presented as a "case study" tackling a specific design
challenge. This challenge will be introduced with a real-world context (e.g.,
designing a high-speed amplifier for a 5G base station, or creating a low-
power sensor for a medical implant). The solution will be carefully
explained, drawing heavily on Razavi's principles but supplementing them with
practical tips, debugging strategies, and simulations. The book will end with
a capstone project, guiding readers through the design and simulation of a
complete analog integrated circuit.

Ebook Description:

Are you struggling to bridge the gap between theory and practice in analog
CMOS integrated circuit design? Do complex concepts like noise analysis,
stability, and matching leave you feeling lost? You’re not alone. Mastering
analog CMOS design requires more than just textbook knowledge; it demands a
deep understanding of the underlying principles and the practical skills to
implement them successfully.

This ebook, "Beyond the Circuits: A Practical Guide to Analog CMOS Design,"
provides the missing link. It builds upon the renowned work of Behzad Razavi,
taking his foundational principles and translating them into a clear,
engaging, and practical learning experience.

"Beyond the Circuits: A Practical Guide to Analog CMOS Design" by [Your Name]



Introduction: The beauty and challenge of analog CMOS design; setting the
stage for the journey ahead.
Chapter 1: Operational Amplifiers – The Heart of Analog Circuits: Deep dive
into op-amp design, including compensation techniques, noise analysis, and
common-mode rejection. Includes practical design examples and troubleshooting
tips.
Chapter 2: Data Converters – Bridging the Analog and Digital Worlds:
Exploring the design of ADCs and DACs, focusing on key performance metrics
and practical considerations. Includes simulations and design trade-offs.
Chapter 3: RF and Microwave Circuits – High-Frequency Design Challenges:
Tackling the unique complexities of high-frequency design, including matching
networks, stability analysis, and noise figure optimization.
Chapter 4: Low-Power Design Techniques – Energy Efficiency in Analog
Circuits: Exploring techniques to minimize power consumption in analog
circuits, including various circuit topologies and optimization strategies.
Chapter 5: Advanced Topics – Exploring Specialized Analog Blocks: A foray
into more advanced topics such as switched-capacitor circuits, PLLs, and
oscillators.
Conclusion: Putting it all together – a capstone project and future
directions in analog CMOS design.
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H1: Beyond the Circuits: A Practical Guide to Analog CMOS Design

H2: Introduction: Embracing the Elegance of Analog in a Digital World

Analog CMOS integrated circuit design is a fascinating field, blending
artistry and scientific rigor. Unlike the clean, predictable world of digital
circuits, analog design demands a deep understanding of subtle nuances and
trade-offs. This book aims to demystify this often-challenging domain,
building a bridge between theoretical understanding and practical
application. While numerous texts delve into the intricacies of analog CMOS,
this book seeks to provide a practical, engaging, and accessible journey,
using real-world applications to illustrate key concepts. It leverages the
foundational work of Behzad Razavi, considered the authority in the field,
adding practical design examples, troubleshooting strategies, and modern
design tools and techniques.

H2: Chapter 1: Operational Amplifiers – The Heart of Analog Circuits

The operational amplifier (op-amp) stands as the cornerstone of numerous
analog systems. This chapter delves into op-amp design, focusing on both
theoretical understanding and practical implementation. We explore various
topologies, including the classic Miller compensation technique for
stabilizing the circuit, and analyze the impact of parasitic elements on



performance. Key performance parameters like gain, bandwidth, slew rate,
input offset voltage, and common-mode rejection ratio (CMRR) are explored in
detail. Furthermore, this chapter offers hands-on design examples using
industry-standard simulation tools like Cadence Virtuoso or similar, allowing
readers to practically apply the concepts learned. Troubleshooting common op-
amp issues, such as instability and distortion, is also covered, equipping
the reader to effectively debug their designs.

H2: Chapter 2: Data Converters – Bridging the Analog and Digital Worlds

Data converters, including analog-to-digital converters (ADCs) and digital-
to-analog converters (DACs), play a crucial role in bridging the gap between
the continuous world of analog signals and the discrete world of digital
systems. This chapter investigates the design principles of these critical
components. We explore different ADC architectures, such as successive
approximation, flash, and sigma-delta converters, analyzing their trade-offs
in terms of speed, resolution, and power consumption. Similarly, various DAC
architectures, including binary-weighted and R-2R ladder DACs, are examined.
This chapter emphasizes the importance of matching, noise, and linearity in
data converter design. Practical design examples, including simulations and
performance analysis, are provided to solidify understanding.

H2: Chapter 3: RF and Microwave Circuits – High-Frequency Design Challenges

High-frequency analog circuit design introduces unique challenges, including
parasitic effects, noise, and stability issues. This chapter explores the
specific design considerations for RF and microwave circuits. We delve into
impedance matching techniques, utilizing Smith charts and transmission line
theory. Stability analysis, including the use of S-parameters, is discussed
in detail. The impact of noise figure on receiver sensitivity is examined,
highlighting the importance of noise optimization in RF design. Practical
examples include designing matching networks for different impedance values
and analyzing the stability of high-frequency amplifiers. Modern design tools
and simulation techniques essential for high-frequency design are also
covered.

H2: Chapter 4: Low-Power Design Techniques – Energy Efficiency in Analog
Circuits

In many applications, minimizing power consumption is a critical design
constraint. This chapter focuses on various low-power design techniques for
analog CMOS circuits. We explore different circuit topologies optimized for
low power, including techniques such as using lower supply voltages, reducing
operating frequency, and employing power gating. This chapter will also
detail power analysis techniques to identify power-hungry sections within a
circuit, allowing for targeted optimization. Practical case studies
illustrate the impact of these techniques on power consumption and
performance.

H2: Chapter 5: Advanced Topics – Exploring Specialized Analog Blocks



This chapter explores more specialized analog blocks, extending the
foundational knowledge from previous chapters. Topics may include switched-
capacitor circuits, phase-locked loops (PLLs), and voltage-controlled
oscillators (VCOs). We will explore the underlying principles of each block
and present practical examples of their application. This section is designed
to provide a deeper understanding of the versatility of analog CMOS design,
paving the way for exploring more complex integrated circuits.

H2: Conclusion: Embarking on Your Analog Design Journey

This book concludes with a capstone project, guiding the reader through the
design and simulation of a complete analog integrated circuit. This project
integrates the knowledge and skills gained throughout the book, providing
hands-on experience in tackling a real-world design challenge. The conclusion
also briefly touches upon future trends and advancements in analog CMOS
design, inspiring readers to continue their exploration of this dynamic
field.
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