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Preface

The aim of this manual is to provide experimental training in the use of
microcomputers for students of engineering, engineering technology, com-
puter science, the physical sciences, the health sciences, and related fields.
The emphasis throughout is on the design of controllers for industrial and
laboratory applications. The experiments, examples, and problems were
adapted from applications in instrumentation, test equipment, communi-
cations, computers and peripherals, industrial control, process control,
business equipment, aerospace and military systems, and consumer prod-
ucts. The manual illustrates the use of the microcomputer in performing
tasks that are essential in all of these applications—responding to switches,
controlling displays, encoding and decoding data, collecting and process-
ing data, executing arithmetic functions, interfacing simple handshaking
peripherals (such as terminals and printers), timing and scheduling opera-
tions, and implementing serial communications.

First, the manual describes the operation of the microcomputer
and then introduces assembly language programming, shows how to per-
form simple controller functions, discusses hardware/software tradeoffs,
describes the design and development of programs, demonstrates alterna-
tive approaches to input/output and timing, presents the advantages and
uses of programmable LSI devices, and describes communications methods.
The final experiment provides a brief introduction to hardware design and
development. Included are numerous examples drawn from actual applica-
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Preface xi

casual users can find programs of specific interest to them and students
can readily find material for review, reference, or further information.

Each experiment in the manual is itself self-contained. Each includes
a list of goals, definitions of new terms, references {with page numbers),
descriptions of instructions that are being introduced, a list of required
equipment (with diagrams), and a key point summary. Each laboratory
exercise contains numerous problems that are linked closely to the discus-
sion. The problems illustrate points made in the discussion and extend
that discussion in areas that are important in actual applications; there are
no “make-work™ problems or rote tasks. I have tested all the problems
and have provided sample data, hints, and discussions.

I would like to give a special note of acknowledgment to two monthly
magazines that specialize in microcomputers based on the 6502 micro-
processor. Both are excellent sources for articles about the KIM-1 and
related computers and both feature advertisements from suppliers of
KIMs and accessories, news about clubs and users’ groups, and reviews of
books, hardware, software, and other materials. One of these magazines
is Micro, published by Robert Tripp (P.O. Box 6502, Chelmsford, MA
01824); the other is Compute, published by Robert Lock (P.O. Box 5406,
Greensboro, NC 27403). | have enjoyed reading both magazines and
recommend both to the users of this manual.

Many people contributed to the writing of this manual. Irvin Stafford
of Burroughs Corporation constructed the hardware, checked the ex-
amples and problems, and suggested many improvements and corrections.
Carter Stafford provided the photographs of the KIM-1 and the other
laboratory apparatus. Others who helped include Gary Hankins of Sorrento
Valley Associates and Winthrop Saville of Sunrise Software. Michael
Tomezyk of Commodore Business Machines provided both encourage-
ment and materials. Special thanks are due to Charles Peddle, the origi-
nator of the KIM.

The reviewers of the first volume in this series, all of them anony-
mous except for Sol Libes of Union County Technical Institute (New
Jersey), provided many useful suggestions. My editor, Bernard Goodwin,
encouraged this project as did Stephen Cline, Karl Karlstrom, and Walter
Welch of Prentice-Hall. My wife, Donna, and my daughter, Elizabeth
(Amanda Catherine), were patient and understanding, particularly as this
project neared completion, Of course, [ am responsible for all remaining
errors and I would appreciate the users of this manual taking the time to
inform me of any errors that they find or suggestions that they may have
for improvements.

LANCE A. LEVENTHAL
San Diego, California
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Basic Operations

PURFPOSE

To learn how to operate the microcomputer.

PARTS REQUIRED

A KIM-1 microcomputer with a 5-V power supply.

REFERENCE MATERIALS

R.J. Tocci and L. P. Laskowski, Microprocessors and Microcomputers: Hardware and
Software, 2nd ed., Prentice-Hall, Englewood Cliffs, NJ, 1982, pp. 11-12
(hexadecimal number system), 70-72 (semiconductor memories—types),
92-94 (basic computer system organization).

KIM-1 Microcomputer Module User Manual, Commodore/MOS Technology, Norris-
town, PA, 1976, Chapters 2 and 3.

WHAT YOU SHOULD LEARN

1) How to reset the computer.
2) How to examine the contents of a memory location.
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3) How to change the contents of a memory location.
4) How to enter and execute a simple program.

TERMS

Byte—the smallest grouping of bits that a computer can process at
one time, usually consists of 8 bits.

Central processing unit (CPU)—the control section of the com-
puter; the part that controls its operations, fetches and executes
instructions, and performs arithmetic and logical functions.
Hexadecimal (or hex)—number system with base 16. The digits
are the decimal numbers O through 9, followed by the letters A
through F (see Table 0-1).

Microcomputer—a computer that has a microprocessor as its
central processing unit.

Microprocessor—a complete central processing unit for a computer
constructed from one or a few integrated circuits.

Menitor—a program that allows the computer user to enter pro-
grams and data, run programs, examine the contents of the com-
puter’s memory and registers, and utilize the computer’s peri-
pherals.

Nonvolatile memory—a memory that retains its contents when
power is removed.

Read-only memory (ROM)—a memory that can be read but not
changed in normal operation.

Read/write (random-access) memory (RAM)—a memory that can
be both read and changed (written) in normal operation.

Reset—a control signal that forces the computer into a known
initial (or startup) state.

Scratchpad—an area of memory that is especially easy and quick
to use for storing variable data or intermediate results.

Volatile memory—a memory that loses its contents when power
is removed.

Word—the basic grouping of bits that the computer can process at
one time. The 6502 microprocessor has an 8-bit word.

6502 INSTRUCTIONS

BRK (00 hex)—force break; on the KIM microcomputer, this
instruction transfers control to the address the user stores in
memory locations 17FE and 17FF (hex).



OVERVIEW

The MOS Technology KIM-1 (or Keyboard Input Monitor 1; Figure O-1)
is an ihexpensive microcomputer based on the widely used MOS Technol-
ogy 6502 microprocessor. Chapter 2 of the KIM-1 User Manual describes
the initial unpacking and setup of the microcomputer; no assembly is
necessary, other than the attachment of a connector and a power supply
(see pp. 6-9 of the User Manual). The microcomputer consists of the
following components:

e A 6502 microprocessor, the central processing unit or ““brain.”

Read/write memory or RAM (eight 6102 devices into which
the user can enter data and programs). Each 6102 RAM con-
tains 1K 1-bit words (1K = 219 = 1024). The eight 6102s
connected in parallel contain 1K 8-bit words (or bytes).

e Two 6530 Peripheral Interface/Memory devices. Each of these
devices contains 1K 8-bit words of read-only memory or ROM,
64 8-bit words of RAM, two 8-bit input/output (I/O) ports,
and an 8-bit timer. The read-only memory contains an operat-
ing program which we will refer to as the KIM monitor. The

FIGURE 0-1. The KIM-1 microcomputer. (Photo courtesy of Carter Stafford.)
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I/O ports on one 6530 device are used to interface the KIM’s
keyboard and display; the I/O ports on the other 6530 are left
available for user-defined input or output.

e A keyboard with 23 keys and one slide switch. The 16 keys at
the bottom are used to enter hexadecimal digits. The 7 keys at
the top and the slide switch are used to operate the micro-
computer. Not all KIMs have the slide switch in the same posi-
tion:; some have it in the leftmost column, whereas others have
it in the rightmost column. We will allow for either possibility
in our discussion.

Six-digit seven-segment LED display.

An audio cassette interface so that the user can record pro-
grams and data on cassettes and load them from cassettes.
The KIM-1 User Manual explains how to do this on pp. 12-16;
we will not discuss cassettes again, but they let the user save
completed or partially completed programs and thus reduce
the amount of repetitive keyboard input that is required.

e A teletypewriter interface that lets the user attach a standard
teletypewriter or terminal.

The MCS6500 Microcomputer Hardware Manual (Commodore/MOS
Technology, Norristown, PA, 1975) contains complete descriptions of the
various devices. Appendix 3 contains a summary of those descriptions.

RESETTING THE COMPUTER

To start using the KIM, you must reset it. The reset key (marked RS) is
the rightmost key in the top row. Press and release the RS key. The LED
display should light and show something in all six digits; unfortunately,
the KIM does not provide a special prompting message, so exactly what
you see will vary,

The microcomputer is now executing the KIM monitor program
stored in the ROM on the 6530 devices. This program allows you to con-
trol the microcomputer from the keyboard. You can place programs and
data in read/write memory, execute programs, examine and change the
contents of memory and registers, and perform other functions which we
will describe later.

EXAMINING MEMORY

The basic KIM microcomputer contains 1K bytes of read/write memory
which occupy addresses 0000 through 03FF hexadecimal, and 128 bytes
of read/write memory (in the 6530 devices) which occupy addresses






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































