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Preface

The first years of the decade of 1970 witnessed the development of the first
microprocessor designs in the history of computing. Two remarkable events were
the development of the 4004, the first commercial, single-chip microprocessor
created by Intel Corporation and the TMS1000, the first single-chip microcon-
troller by Texas Instruments. Based on 4-bit architectures, these early designs
opened a whole new era in terms of technological advances. Several companies
such as Zilog, Motorola, Rockwell, and others soon realized the potential of
microprocessors and joined the market with their own designs. Today, we can find
microprocessors from dozens of manufacturers in almost any imaginable device in
our daily lives: from simple and inexpensive toys to sophisticated space ships,
passing through communication devices, life supporting and medical equipment,
defense applications, and home appliances.

Being such a ubiquitous device, it is not surprising that more and more people
today need to understand the basics of how microprocessors work in order to
harness and exploit their capacity. Among these people we find enthusiastic
hobbyists, engineers without previous experience, electronic technology students,
and engineering students.

Throughout the years, we have encountered many good books on micropro-
cessors and embedded systems. However, most of these books share the same
basic type of problems: they were written either for one specific microprocessor
and their usefulness was limited in scope to the device they presented, or were
developed without a specific target processor in mind lacking the practical side of
teaching embedded systems. Aware of these realities, we have developed an
introductory-level book that falls in the middle of these two extremes.

This book has been written to introduce the reader to the subjects of micro-
processors and embedded systems, covering architectural issues, programming
fundamentals, and the basics of interfacing. As part of the architectural aspects, it
covers topics in processor organization, emphasizing the typical structure of
today’s microcontrollers, processor models, and programming styles. It also covers
fundamentals on computer data representations and operations, as a prelude to
subjects in embedded software development. The presented material is rounded off
with discussions that cover from the basics of input/output systems to using all
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sorts of embedded peripherals and interfacing external loads for diverse
applications.

Most practical examples use Texas Instruments MSP430 devices, an intuitive
and affordable platform. But the book is not limited to the scope of this micro-
controller. Each chapter has been filled with concepts and practices that set a solid
design foundation in embedded systems which is independent from the specific
device being used. This material is then followed by a discussion of how these
concepts apply to particular MSP430 devices. This allows our readers to first build
a solid foundation in the underlying functional and design concepts and then to put
them in practice with a simple and yet powerful family of devices.

Book Organization

The book contents are distributed across ten chapters as described below:

Chapter 1: Introduction brings to the reader the concept of an embedded sys-
tem. The chapter provides a historical overview of the development of embedded
systems, their structure, classification, and complete life cycle. The last section
discusses typical constraints such as functionality, cost, power, and time to market,
among others. More than just a mere introduction, the chapter provides a system-
level treatment of the global issues affecting the design of embedded systems,
bringing awareness to designers about the implications of their design decisions.

Chapter 2: Number Systems and Data Formats reviews basic concepts on
number formats and representations for computing systems. The discussion
includes subjects in number systems, base conversions, arithmetic operations, and
numeric and nonnumeric representations. The purpose of dedicating a whole
chapter to this subject is to reinforce in a comprehensive way the student back-
ground in the treatment given by computers to numbers and data.

Chapter 3: Microcomputer Organization covers the topics of architecture and
organization of classical microcomputer models. It goes from the very basic
concepts in organization and architecture, to models of processors and micro-
controllers. The chapter also introduces the Texas Instruments MSP430 family of
microcontrollers as the practical target for applications in the book. This chapter
forms the ground knowledge for absolute newcomers to the field of micropro-
cessor-based systems.

Chapter 4: Assembly Language Programming sets a solid base in micropro-
cessor’s programming at the most fundamental level: Assembly Language. The
anatomy of an assembly program is discussed, covering programming techniques
and tips, and illustrating the application cases where programming in assembly
language becomes prevalent. The chapter is crowned with the assembly pro-
grammer’s model of the MSP430 as a way to bring-in the practical side of the
assembly process. We use the IAR assembler in this chapter. Yet, the discussion is
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complemented by Appendix C with a tutorial on how to use Code Composer
Studio’ (CCS) for programming the MSP430 in assembly language.

Chapter 5: C Language Programming treats the subject of programming
embedded systems using a high-level language. The chapter reviews fundamental
programming concepts to then move to a focussed discussion on how to program
the MSP430 in C language. Like in Chap. 4, the discussion makes use of IAR and
other tools as programming and debugging environments.

Chapter 6: Fundamentals of Interfacing is structured to guide first time
embedded systems designers through the process of making a microprocessor or
microcontroller chip work from scratch. The chapter identifies the elements in the
basic interface of a microprocessor-based system, defining the criteria to imple-
ment each of them. The discussion is exemplified with a treatment of the MSP430
as target device, with an in-depth treatment of its embedded modules and how they
facilitate the basic interface in a wide range of applications.

Chapter 7: Embedded Peripherals immerses readers into the array of periph-
erals typically found in a microcontroller, while also discussing the concepts that
allow for understanding how to use them in any MCU- or microprocessor-based
system. The chapter begins by discussing how to use interrupts and timers in
microcontrollers as support peripherals for other devices. The subjects of using
embedded FLASH memory and direct memory access are also discussed in this
chapter, with special attention to their use as a peripheral device supporting low-
power operation in embedded systems. The MSP430 is used as the testbed to
provide practical insight into the usage of these resources.

Chapter 8: External World Interface discusses one of the most valuable
resources in embedded microcontrollers: general purpose I/O lines. Beginning
with an analysis of the structure, operation, and configuration of GPIO ports the
chapter expands into developing user interfaces using via GPIOs. Specific
MSP430 GPIO features and limitations are discussed to create the basis for safe
design practices. The discussion is next directed at how to design hardware and
software modules for interfacing large DC and AC loads, and motors through
GPIO lines.

Chapter 9: Principles of Serial Communication offers an in-depth discussion of
how serial interfaces work for supporting asynchronous and synchronous com-
munication modalities. Protocols and hardware for using UARTS, SPI, I°C, USB,
and other protocols are studied in detail. Specific examples using the different
serial modules sported in MSP430 devices provide a practical coverage of the
subject.

Chapter 10: The Analog Signal Chain bridges the digital world of microcon-
trollers to the domain of analog signals. A thorough discussion of the fundamentals
of sensor interfacing, signal conditioning, anti-aliasing filtering, analog-to-digital

' CCS is a freely available integrated development environment provided by Texas Instruments
at that allows for programming and debugging all members of the MSP430 family in both
assembly and C language.
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and digital-to-analog conversion, and smoothing and driving techniques are
included in this chapter. Concrete hardware and software examples are provided,
including both, Nyquist and oversampled converters embedded in MSP430 MCUs
are included, making this chapter an essential unit for mixed-signal interfaces in
embedded applications.

Each chapter features examples and problems on the treated subjects that range
form conceptual to practical. A list of selected bibliography is provided at the end
of the book for those interested in reading further about the topics discussed in
each chapter.

Appendix materials provide information complementing the book chapters in
diverse ways. Appendix A provides a brief guide to the usage of flowcharting to
plan the structure of embedded programs. Appendix B includes a detailed MSP430
instruction set with binary instruction encoding and cycle requirements.

A detailed tutorial on how to use Code Composer Essentials, the programming
and debugging environment for MSP430 devices, is included in Appendix C. The
extended MSP430X architecture and its advantages with respect to the standard
CPU version of the controller is the subject of Appendix D.

Suggested Book Usage

This book has been designed for use in different scenarios that include under-
graduate and graduate treatment of the subject of microprocessors and embedded
systems, and as a reference for industry practitioners.

In the academic environment, teaching alternatives include EE, CE, and CS
study programs with either a single comprehensive course in microprocessors and
embedded systems, or a sequence of two courses in the subject. Graduate programs
could use the material for a first-year graduate course in embedded systems design.

For a semester-long introductory undergraduate course in microprocessors, a
suggested sequence could use Chaps. 1- 5 and selected topics from Chaps. 6 and 8.
A two-course sequence for quarter-based programs could use topics in Chaps. 1
through 4 for an architecture and assembly programming-focused first course. The
second course would be more oriented towards high-level language programming,
interfacing, and applications, discussing select topics from Chaps. 1 and 5-10.

Besides these suggested sequences, other combinations are possible depending
on the emphasis envisioned by the instructor and the program focus.

Many EE and CE programs offer a structured laboratory in microprocessors and
embedded systems, typically aligned with the first course in the subject. For this
scenario, the book offers a complementary laboratory manual with over a dozen
experiments using the MSP430. Activities are developed around MSP430
launchpad development kits. Instructions, schematics, and layouts are provided for
building a custom designed I/O board, the eZ-EXP. Experiments in the lab manual
are structured in a progressive manner that can be easily synchronized with the
subjects taught in an introductory microprocessors course. All experiments can be
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completed using exclusively the inexpensive launchpad or TI eZ430 USB boards,
IAR and the freely available IAR or CCS environments, and optionally the
eZ-EXP attachment.

For industry practitioners, this book could be used as a refresher on the concepts
on microprocessors and embedded systems, or as a documented reference to
introduce the use of the MSP430 microcontroller and tools.

Supplemental Materials

Instructor’s supplemental materials available through the book web site include
solutions to selected problems and exercises and power point slides for lectures.
The site also includes materials for students that include links to application
examples and to sites elsewhere in the Web with application notes, downloadable
tools, and part suppliers.

We hope this book could result as a useful tool for your particular learning
and/or teaching needs in embedded systems and microprocessors.

Enjoy the rest of the book!
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