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PREFACE

Microcontrollers have become ubiquitous elements of everyday life. Most of the electronic prod-
ucts we use in daily life have a microcontroller tucked inside. They are used in household appli-
ances, automobiles, copiers, cell phones, and even used to control powerful locomotives. Where
electricity is used, you will find a microcontroller!

There are many technical books on the subject of microcontrollers. Why develop a new
book? All the popular microcontroller chips and architectures have “how-to” books in print. The
focus of this text is a broader introduction to the student of microcontroller processor technology,
both in single-chip and intellectual property form.

Many electronic engineering students are required to take a course in embedded system de-
sign with microcontrollers. Devices such as the Intel 8051, ZiLOG Z8, or Microchip PIC are
most often the microcontroller of choice because of their widespread popularity. Also, they have
extensive, inexpensive tools available to provide design support.

A wider variety of choices for an embedded microcontroller-based design face the engineer
today, not only the popular single-chip devices, but also intellectual property cores for ASIC system-
on-a-chip (SoC) design. Although the computer world has solidified around Intel-based archi-
tectures, the microcontroller world continues to evolve with innovative new designs.

This book is organized into three major sections: an introduction to microcontroller ar-
chitectures, single-chip microcontrollers, and embedded IP cores. Each chapter within the sec-
tion begins with learning objectives. Questions are provided at the end of the section to
monitor progress.

Not only are specific chips and cores covered, but also this book introduces the student to
the concepts of microcontroller architectures: for instance, how the concept of the computing de-
vices evolved, and why different types of devices are used in design.

Single-chip microcontrollers as referenced in this book are typical commercial high-
volume classical designs. Certainly, myriad parts are also available, particularly from “fab-
less” design houses. Microcontroller cores are in reference to established system-on-a-chip
intellectual property cores and marketed as such. In architectural discussions in this book, the
term “processor” incorporates both the “processor” element of “single-chip microcontrollers”
and “IP cores.”

This book is intended to provide the reader with an introduction to single-chip and embed-
ded microcontroller processor design. The difference between architectures of the CISC- and
RISC-based processors is discussed. Single-chip microcontroller design flows and embedded
processor design flows are discussed.

The 16-bit Freescale MC9S12X family of single-chip microcontrollers is covered
in detail. The RISC-based PIC18F4520 and the ZiLOG Z8 Encore! 8-bit microcontrollers
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are also discussed. The peripherals that are available with various members of the families
are explained.

The concept of instruction set architecture (ISA) is introduced to develop an understanding
of the commonality of the CISC and RISC processor families, respectively. This is expanded to
the design of SoC embedded controllers-based core IP using the ISAs of ARM and MIPS. The
ARMI10TDMI and MIPS32 4KE™ [P cores are presented in some detail.

Configurable processor technology is increasingly important, particularly in the design of
higher performing consumer products. It allows customization of the core processor, which can
have both performance and power impact on the SoC embedded design. The Tensillica Xtensa
LX2 Series configurable processor is covered.

A discussion of derivative RISC application-specific processors is presented. An
overview of a digital signal processors (DSP), including the Texas Instruments’ TMS320C55
and Analog Devices’ ADSP-BR533 Blackfin is given. The methodology of the engineering
design flow is also covered. Different tools available to the engineer for the design process are
discussed. An example of using an integrated design environment (IDE) for single-chip micro-
controller is presented.

Software programming for microcontroller design can be as simple as a program for con-
trolling lawn sprinklers to a complex RTOS for robots. Programming techniques from simple
polling loops to multilevel interrupt driven systems are discussed. Many single-chip microcon-
trollers include functional blocks for serial I/O. They are primarily used to communicate data.
The UART, I°C, I?S, CAN/LIN SPI, and USB peripheral functions are discussed.

System-on-a-chip design requires a close relationship with the semiconductor foundry. As
a fabless design technology, SoCs need specialized engineering techniques to integrate the func-
tions needed for the chip. Combining IP functional blocks available from the foundry with those
from independent companies to achieve a working chip is a complex process.

This book is intended as an introductory understanding of microcontrollers in single-chip
and embedded forms. The concept of ISA is developed with the methodology for product design.
System-on-a-chip design is introduced through the use of intellectual property.

Microcontroller design, at any level of abstraction, is based on a balancing of available
technologies. The primary three technologies this book will focus on are processor, memory, and
software: processor technology as it is defined in terms of semiconductor fabrication capability;
memory technology as it is implemented in a hierarchical storage structure; and software tech-
nology as it is implemented in the form of assembler and optimizing compilers.

Within the scope of this book, generalizations are taken as they relate to characteristics of
microcontroller-based design. In general, CISC-based processors have more complex instruc-
tions than RISC-based processors. In general, RISC registers sets are orthogonal when compared
to CISC. In general, optimizing C compilers are more efficient for RISC than CISC.

RISC and CISC are considered in their global context of instruction set architecture
(ISA). New innovations in architecture, such as VLIW and EPIC, are mentioned for compari-
son. The focus of this book is on microcontroller technology, which is predominately RISC- or
CISC-based. This will provide the basic knowledge needed for the student to understand other
derivative ISAs.

Microcontrollers have, at their heart, a microprocessor. In this book, the term processor is
used in a broad sense. Whether implemented as core IP in an SoC, or in traditional single-chip
form, the basic concept of the processor is the same. MIPS32 4KE™ IP can be incorporated as
single chips from NEC or an SoC in a CISCO router. They are implemented differently but are
the same architecturally.

This book is intended as an introduction to the topic of microcontroller technology for col-
lege engineering students. It is not a hardware reference manual. It is not intended as a series of
application notes. The concepts presented are in general form. This will allow a broad group of
engineering students to understand the basic concepts and apply them to real-world situations.
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An online instructor’s manual is available for instructors using this text for a course. To
access supplementary materials online, instructors need to request an instructor access code. Go
to www.pearsonhighered.com/irc, where you can register for an instructor access code.
Within 48 hours after registering, you will receive a confirming e-mail, including an instructor
access code. Once you have received your code, go to the site and log on for full instructions on
downloading the materials you wish to use.

The author thanks the following reviewers of the manuscript: C. Richard G. Helps,
Brigham Young University; James Streib, Illinois College; Chao-Ying Wang, DeVry Univer-
sity—Columbus; and Richard Warren, Vermont Technical College.

Greg Osborn
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