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I ntroduction

Thisbook is a guide to designing, programming, installing, and troubleshooting computer links, including networks
of multiple computers. Most of the links described use one of two serial interfaces popularly known as RS-232 and
RS-485. The computers may be personal computers, embedded controllers, or any devices that share a common
interface. Common uses for these links include data acquisition and control systems.

What'sInside

Putting together a seridl link of this type requires expertise both in circuit design, to choose the components that
make up the link, and in programming, to write the code that controlsthe link. This book covers each of these.
PCs

For links that use PCs (personal computers), | describe the architecture shared by the portsin all PCs, and show
how to use a port's features, with program codein Visua Basic.

A template project gives aquick start for applications you write. The template includes routines for finding portsin
asystem, enabling usersto select and config
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ure a port, and other general-purpose functions commonly used in applications that access serial ports.

Embedded Controllers

The examples for embedded controllers use one of two popular microcontroller chips: Parallax's Basic Stamp and
the 80(C)52-Basic from Intel, Micromint, and other sources. Both are based on popular microcontroller hardware:
the PIC and 8051 families. Both can be programmed in dialects of Basic.

Applications

The example applications include circuit designs and code for seria links between two or more PCs and
microcontrollers, using RS-232, RS-485, and simple direct links. | also show how to use an RS-232 seria port as
the power source for low-power externa circuits.

Cablesand Interfacing

Inaseria link, the proper cable and terminating components can prevent errors due to electrical noise or

malfunctioning hardware. This book shows how to choose an appropriate cable and how to select or design the
circuits that interface to the cable.

Who should read thisbook?

Readers from many backgrounds will find this book useful:

Programmer swill find code examples that show how to use seria ports on PCs and microcontrollers.
Programming a network shared by multiple computers is more involved than programming alink with just two
computers. This book explains the options and shows how to avoid the pitfalls.

For hardwar e designer s, there are detail s about serial-port circuits and how to interface to them, including the
design of convertersto trandate between RS-232, RS-485, and 5V TTL logic. Examples show how to implement an
RS-485 port on PCs and microcontrollers and how to design links with features like bullet-proof failsafe circuits,
high noise immunity, and low power consumption.

For system troubleshooters, there are hardware and software debugging techniques, plus code for finding and
testing ports and links.

Hobbyists and experimenter swill find many ideas, along with explanations and tips for modifying the examples
for aunique application.
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Teachersand students have found serial portsto be a handy tool for experiments with el ectronics and computer
control and monitoring. Many of the examplesin this book are suitable as a starting point for school projects.

And last but not least, users, or anyone who uses a computer with serial ports, will find useful information,
including advice on configuring and adding ports.

How did you learn all this?

Readers who have found my books useful sometimes ask how | came to know the information they contain. The
short answer is that each of my books, including this one, is the result of a continuous cycle of research and
experiments.

Many companies do an excellent job of providing information to help customers use their products. Manufacturers
of the chips used in RS-232 and RS-485 interfaces have published dozens of application notes. The data sheets for
the chips themselves also hold many answers. All of thisinformation is now easily available on the Internet. There
are a'so many good books that cover related topics. See the appendix of this book and Lakeview Research's web
site for pointers to many good sources of information.

But in the end there's no substitute for real-life experiments: putting together the hardware, writing the program
code, and watching what happens when the code executes. Then when the result isn't as expected--asiit often isn't--it
means trying something else or searching the documentation for clues. This book is result of many, many hours of
such research and experiments.

About the Program Code

The book's program disk includes all of the code presented in the book (and more). All of the code uses some
variant of the Basic programming language.

| chose Basic for three reasons. First, much of thisbook is about trying things out and learning how they work, and
Basic'sinteractive nature makes it a good choice for this. Second, Basic is popular, so many readers will already be
familiar with it. And third, Basic iswhat | know best. Throughout, I've tried to document the code completely
enough o that you can trandate into another programming language if you wish.

For each example, | assume you have a basic understanding of the language used, whether it's Visual Basic or a

microcontroller Basic, and how to create and debug programs. The book focuses on the details that relate
specifically to serial communications.
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| developed the PC examples with Visual Basic 5. Because they're intended as design tools, and not asfinished
applications, the disk includes the complete source code but not compiled, executable programs. To compilethe
programs, you must have a copy of Visua Basic. | tested the code on a system running Windows 95. Visual Basic
code is generally compatible with Windows NT aswell, but | didn't test under NT.

| also used Visua Basic to illustrate other short calculations. These use Visual-Basic syntax, even when not
presented explicitly as a code module. For example, an asterisk (*) signifies multiplication. For those programming
for Windows 3.x, the example code won't load directly into the older, 16-bit versions of Visual Basic, but you can
copy and use many of the routines with few or no changes. In some cases, the program disk includes DOS Quick
Basic code for use in systems using older or embedded PCs running DOS.

In asimilar way, the microcontroller code examples are written for two popular chips, but the ideas behind the code
are adaptable to other controllers and languages.

The Visua Basic code uses the line-continuation character () to enable asingle line of code to extend over
multiple lines. The routines within each listing are arranged al phabetically. The microcontroller code has no

line-continuation character, and some program lines do carry over onto asecond line in the listingsin the text. The
listings on disk are formatted correctly and should load and run without problems.

About the Example Cir cuits

I've included many schematic diagrams of circuits that you can use or adapt in serial-port projects. In presenting the
circuits, | assume you know the basics about digital logic and electronic circuits. The circuit diagrams are complete,
with these exceptions:

Power-supply and ground pins are omitted when they are in standard locations on the package (bottom | eft for
ground, top right for power, assuming pin 1 istop left).

Power-supply bypass capacitors are omitted.
Some chips may have additional, unused gates or other elements that aren't shown.

In the schematics and text, active-low signals use aleading hyphen (-RESET) or an overbar (RESET).

For more information on the components, see the manufacturers data sheets.

i Serial Port Complete



Jameco Part number 154771

Correctionsand Updates

In putting together this book. I've done my best to ensure that the information is complete and correct. Every
schematic diagram with detail at the pinout level has been built and tested by me, most of it multipletimes. Ina
similar way, I've run and tested every line of code. But | know from experience that on the way from test to
publication, errors and omissions do occur.

Any corrections or updates to this book will be available at Lakeview Research's World Wide Web site on the
Internet at http: //Amwww.lvr.com. Thisis also the place to come for links to other serial-port information on the Web,
including software tools, component data sheets, and web sites of vendors of related products.

Thanks!

Finaly, | want to say thanks to everyone who helped make this book possible. Aswith my previous Parallel Port
Complete, | credit the readers of my articlesin The Microcomputer Journal, who first prompted me to write about
these topics. Some of the material in this book wasfirst published in a different form in the magazine. Others
deserving thanks are the folks at companies large and small who have generoudy provided information and
answered questions about these topics over the years.
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