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In most cases, these books provide both text material and experiments, which permit one to
demonstrate and explore the concepts that are covered in the book. These books remain among
the very few that provide step-by-step instructions concerning how to learn basic electronic con-
cepts, wire actual circuits, test microcomputer interfaces, and program computers based on popu-
lar microprocessor chips. We have found that the books are very useful to the electronic novice
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The Blacksburg Group

According to Business Week magazine (Technology July 6, 1976) large scale integrated circuits
or LS| “chips” are creating a second itdustrial revolution that will quickly involve us all. The
speed of the developments in this area is breathtaking and it becomes more and more difficult to
keep up with the rapid advances that are being made. It is also becoming difficult for newcomers
to ““get on board.”

It has been our objective, as The Blacksburg Group, to develop timely and effective educational
materials that will permit students, engineers, scientists, technicians and others to quickly learn
how to use new technologies and electronic techniques. We continue to do this through several
means, textbooks, short courses, seminars and through the development of ial electronic de-
vices and training aids.

Our group members make their home in Blacksburg, found in the Appalachian Mountains of
southwestern Virginia. While we didn’t actively start our group collaboration until the Spring
of 1974, members of our group have been involved in digital electronics, minicomputers and
microcomputers for some time.

Some of our past experiences and on-going efforts include the following:

~The design and development of what is considered to be the first popular hobbyist computer.
The Mark-B was featured in Radio-Electronics magazine in 1974. We have also designed several
8080-based computers, including the MMD-1 system. Our most recent computer is an 8085-based
computer for educational use, and for use in small controllers.

—The Blacksburg Continuing Education Series™ covers subjects ranging from basic electronics
through microcomputers, operational amplifiers, and active filters. Test experiments and examples
have been provided in each book. We are strong believers in the use of detailed experiments and
examples to reinforce basic concepts. This series originally started as our Bugbook series and many
titles are now being translated into Chinese, Japanese, German and ltalian.

-We have pioneered the use of small, self-contained computers in hands-on course: for micro-
computer users. Many of our designs have Ived into cial products that are marketed
by E&L Instruments and PACCOM, and are available from Group Technology, Ltd., Check, VA

24072.

—Our short courses and seminar programs have been presented throughout the world. Programs
are offered by The Blacksburg Group, and by the Virginia Polytechnic Institute Extension Divi-
sion. Each series of courses provides hands-on experience with real computers and electronic
devices. Courses and seminars are provided on a regular basis, and are also provided for groups,
companies and schools at a site of their choosing. We are strong believers in practical labora-
tory exercises, so much time is spent working with electronic equipment, computers and circuits.

Additional information may be obtained from Dr. Chris Titus, the Blacksburg Group, Inc. (703)
951-9030 or from Dr. Linda Leffel, Virginia Tech Continving Education Center (703) 961-5241.

Our group members are Mr. David G. Larsen, who is on the faculty of the Department of Chem-
istry at Virginia Tech, and Drs. Jon Titus and Chris Titus who work full-time with The Blacksburg
Group, all of Blacksburg, VA.



| [P0V O

19 8362072

/sy =
f <

Aﬂvanﬁ&ll! Interfacing

by John M. Holland

e i Moy
S HEHY 6502@%1&3:1%21.4 N A
672- = si
ez 10w STERL

T RS Mwi%‘* {D’#_—}

HHHNL, HEER!

L

E8362072

Howard W. Sams & Co., Inc.

4300 WEST 62ND ST. INDIANAPOLIS, INDIANA 46268 USA



Copyright © 1982 by John M. Holland
FIRST EDITION ,
FIRST PRINTING — 1982 gM‘ &

All rights reserved
reproduced, storec
transmitted by any
photocopying, recc
written permission
liability is assume«’

information contait -ein. While eve.y
has been taken in t! paration of this Lt

publisher assumes » ms for ex
omissions. Neither . <

damages resulting fi
contained herein.

International Standar
Library of Congress C

=]

Edited by: Charlie Buffington
Illustrated by: D.B. Clemons

Printed in the United States of America.



Preface

When the first practical large-scale computers became avail-
able in the 1950s and 1960s, there was a great deal of concern
about the social and economic impact that they would have on
our way of life. An “automation revolution” was envisioned
(and feared) by many to be just around the corner. The prospect
of giant computers running whole factories without the aid of
humans seemed inevitable to most people. When years passed,
and the revolution did not come as quickly as first thought, the
vision began to fade. When the revolution did begin, few
noticed, as it was led not by “giants” but by “midgets.”

Although these “midgets,” or microprocessors, have been
commonly available since the early 1970s, the full scope of their
power and usefulness has only begun to be realized in the in-
dustrial and consumer marketplaces. The 6502 family must be
counted among the microprocessor families that have been
proven to have excellent technical and economic merit. The
availability of 6502-based products, such as the AIM 65, Apple,
PET 2001, and several single-board computers, makes the 6502
an excellent choice for a wide variety of control applications.

Before the 6502 can be of any use in control applications, it
must be properly programmed and interfaced to the system it is
to control. Although there are many interface boards available
for the 6502 and other microcomputers, there is (and will re-
main) a strong need for people who know how to effectively
interface these computers to “the outside world.” It is the pur-
pose of this book to provide the designer with some guidelines
that he can use in this task.

Since this is an advanced book, it would be best for the new-
comer to refer to Programming and Interfacing the 6502, by
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Marvin L. De Jong. Additfoﬁa:l iriformation on programming can
be found in 6502 Software Design, by Leo J. Scanlon.

JounN M. HOLLAND

I wish to extend my deepest personal thanks to the many
people whose comments have contributed to this book. Most
especially, I wish to thank my technical editor, Dr. Christopher
A. Titus of The Blacksburg Group, Inc. His long-suffering ef-
forts over my manuscript have provided both the work and my-
self with many fresh ideas.

I would also like to thank my technician, Mr. William Grady
Spiegel, for his excellent help in the checking and editing of
this work. Additional thanks must also go to Mr. Robert “Bob”
Morris, formerly of Beacon Inc., for his help in obtaining
Rockwell literature and sample parts.

J.M.H.

This book is dedicated to the scientists, engineers, technicians,
and hobbyists who have the “spark” On the tireless work of
.these men and women, mankind is finding its destiny in the
stars. s
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System Architecture

The 6500 family of microprocessors is made up of third-
generation microprocessor devices that incorporate an 8-bit
bidirectional data bus and a unidirectional address bus consist-
ing of from 12 to 16 address lines. All of the 6500 family micro-
processors, except the 6500/1, contain the same silicon chip.
The 6502 and 6512 are housed in 40-pin DIP packages, while
the 6503, 6504, 6505, 6513, 6514, and 6515 are housed in 28-pin
DIP packages.

The 6512 offers a data bus enable (DBE) signal not found on
the more popular 6502. The reason that the 6512 chip is not
often used is that systems complex enough to require direct
memory access (DMA), which is made possible by the DBE
signal, almost invariably have external data bus buffering. Bus
access in such systems is accomplished at the buffers. The other
processors previously mentioned are offered in the less expen-
sive 28-pin package by simply eliminating certain control and
bus signals. In production designs, the savings in component
cost derived from using these smaller devices is approximately
10%, and the savings in board area is approximately 0.6 square
inch. The instruction sets are identical for all devices.

The 6500/1 is a stand-alone single-chip microcomputer that
contains four 8-bit I/O ports, two internal timers, ROM, and R/'W
memory. The instruction set includes the full 6502 set, plus
several special instructions associated with its internal timers
and ports. Since this device contains its own I/O ports, and is
not normally associated with complex interface problems, it is
not discussed in depth in this book.

The architecture of the 6500 family is very similar to that of
the Motorola 6800 family, the most noticeable difference being




the absence of the 6800 valid memory address (VMA) signal.
This similarity means that both families can be considered as a
resource pool in designing interfaces for either microprocessor
family. This combination vepresents a very substantial level of
support. Most of the interface circuits presented in this book
can be used with the MC6800 family microprocessors, provided
that the designer simply ANDs VMA with ¢2 and uses this signal
where the ¢2 signal is used (mostly in address decoder circuits).

MEMORY VERSUS REGISTERS

The 6500 (and 6800) microprocessors are designed around a
memory-oriented concept as opposed to the register-oriented
concept found in processors such as the 8080 and Z80. Both
concepts have their strong and weak points, and it is important
that the designer recognize and utilize the positive features.
Under the memory-oriented concept, interfaces to the outside
world are treated exactly as if they were memory locations.
There are no special input or output instructions in the instruc-
tion set. Any instruction that can be used with memory can also
be used to communicate with peripheral devices.

Since one of the advantages of the memory-oriented concept
is the ability of the microprocessor to do numerous logic and
mathematical operations directly on memory (without first trans-
ferring data or data pointers to registers), this same power can
be applied to the interface devices.

PAGE ZERO AND INDIRECT ADDRESSING

Page zero (Z-page) has special significance in the 6502. Be-
sides the absolute mode (that can access any memory location),
there are two additional modes of addressing that are associated
with page zero. These two modes are called Z-page and indirect
addressing.

When the microprocessor uses Z-page addressing to access
memory in page zero, it must generate a 16-bit address just as in
the absolute addressing mode, but only two bytes are required
in the program. The microprocessor recognizes the op code as
implying not only the operation (LDA, STA, EOR, etc.), but also
the high-address byte. The microprocessor will always generate
a high byte of the address that is zero. The lower eight bits of
address are specified in the byte that follows the op code.

In indirect addressing, page zero can be used to store up to
128 16-bit addresses or pointers. When the microprocessor
encounters an indirect op code in the program, it will do two
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read operations in page zero. The first read will be at the Z-page
location addressed by the byte that follows the op code, and the
second will be at the next higher Z-page location. The two
bytes read during these fetches will form the low and high
bytes, respectively, of the memory location at which the op
code will be executed. Thus, at times, these memory locations
will act as if they were actually registers in the CPU chip. While
it is not within the scope of this book to go deeply into prog-
ramming the 6500 microprocessor family, it is essential that the
interface designer understand the power of the indirect address-
ing technique for him to efficiently interface to these pro-
Cessors.

Some designers incorporate I/O interfaces into the Z-page
memory space to take advantage of the abbreviated instructions
mentioned earlier. This use of Z-page is not recommended un-
less the scope of the system is very limited. There are two rea-
sons for this: first, the interfaces use up memory locations which
could be used more effectively to store pointers, and, second,
portions of a program that are not concerned with the /O oper-
ations may attempt to use this address space as memory, and
thus cause strange and unexpected operation of peripherals. In
any system that is running a diversity of software, page zero can
become a very crowded and busy place.

PAGE ONE AND THE STACK

In the 6500 family microprocessors, page one of memory
($0100 to $01FF) contains the stack. While the location of the
stack may be manipulated within this page, the high-order ad-
dress byte of all stack operations remains #01. Because of this,
addressing interfaces within this page is not advisable.

PAGE $FF AND THE VECTORS

Page $FF, the highest address page, contains the NMI (non-
maskable interrupt), RES (reset), and IRQ (interrupt request)
- vectors. In a dedicated control system these vectors are usually
in ROM (read-only memory), while in most general purpose
systems they are contained in a small block of R/W (read/write)
memory. Systems that contain these vectors in R/W memory
usually utilize a technique known as ROM first RAM or
bootstrapping, where a ROM device occupies this portion of
the microprocessor’s address space when the power-on reset is
activated. This ROM contains a reset vector or address that
causes the microprocessor to jump to the beginning of the ini-
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tialization program. This program, by communicating with an
I/O port, causes the ROM to be disabled, and a block of R/'W
memory to be enabled, whenever an address that contains $FF
in the high byte is on the address bus. The software then causes
the appropriate vectors to be written into the R/W memory.

The locations of these vectors, or address pointers, are as
follows:

NMI low address byte FFFA
NMI high address byte FFFB
RESET low address byte FFFC
RESET high address byte FFFD
IRQ low address byte FFFE
IRQ high address byte FFFF

Before using page $FF for I/O operations, the designer must
ascertain that no conflict exists between the memory address
used in the interface, and the R/W memory or ROM.

THE SYSTEM CLOCK

The 6500 processors are dynamic devices, meaning that they
cannot be halted without the loss of information stored in the
registers. While the clock speed may be varied over a reason-
able range, most applications utilize either the 1-MHz or 2-MHz
version of the CPU chips, and operate the clock at that speed.
In actuality, the 2-MHz parts are simply derived from sorting
the CPU chips, and are otherwise identical to the slower parts.
Running either device below 500 kHz is generally inadvisable.
While the 6500 processors are advertised as containing a built-
in clock oscillator circuit, they contain only an MOS inverter
which can serve as a simple oscillator.

Many of the early clock oscillator circuits recommended by
the manufacturers were not reliable when used with a variety of
crystals. One factor that affected this was the rise time of the
system power. Occasionally, the oscillator would start at either a
subharmonic or harmonic of the desired frequency, and occa-
sionally the oscillation would be in the parallel mode for series
crystals and vice versa. In most cases, if a crystal is operating in
the wrong mode it tends to have an error in frequency of from
1% to 20%.

The oscillator circuit shown in Fig. 1-1 has been widely pub-
lished in applications literature. Resistor R1 is used to balance
the duty cycle of the oscillator (make it closer to 50%). While
the circuit is very reliable with high values of R1, it becomes
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Fig. 1-1. Factory recommended clock circuit for the 6500 series microprocessors.

less reliable as R1 approaches 2200 ohms. Sometimes it is not
possible to obtain a 50% duty cycle without losing reliability.

A slightly modified version of the oscillator is shown in Fig.
1-2 and is recommended here for oscillators that are running at
the system clock rate (and, therefore, require a 50% duty cycle).
The interstage coupling capacitor (C1) in the second version re-
duces the dc loop gain, and thus causes a 50% duty cycle to be
obtained.

In some cases, it is economically beneficial to use a crystal at
twice or four times the system clock frequency. These crystals
are smaller and often less expensive than their lower frequency
counterparts. The use of a divider after the oscillator eliminates
the problem associated with obtaining a 50% duty cycle.

In operation, the clock determines the system timing. In con-
junction with the read/write line, the clock controls the flow of
data on the data bus. The two half cycles of the clock are re-
ferred to as ¢1, and ¢2. During ¢1, the processor puts the ad-
dress of the next memory operation on the address bus. During
some cycles this is meaningless, as the processor has not yet
fully constructed the address desired. On the next half cycle
(¢2), data will be transferred to or from the addressed device.

THE READ/WRITE LINE AND PIPELINING

The 6500 microprocessors utilize a technique known as pipe-
lining to increase the throughput on the chips. Pipelining
means that the CPU may still be progessing previously received
data while reading new data. The read/write line determines

12
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Fig. 1-2. Modified version of the circuit shown in Fig. 1-1. This clock circuit uses
capacitive coupling to obtain dufy cycle balancing.

the direction of data flow on the data bus when ¢2 is active.
This line will be high (logic true or near +5 volts) if data is to
be read from the addressed memory location or interface de-
vice, and it will be low (near ground) if the transfer is to be from
the processor to the device (write).

A special word of caution is in order at this point. Since the
6500 processors do not generate a VMA or valid memory ad-
dress signal as do the 6800 processors, an interesting bug can
arise. It was mentioned earlier that during some cycles when
the full desired address had not yet been calculated, an incor-
rect intermediate address is output on the address bus. Nor-
mally, this address is the base address of an impending indexed
address operation. For example, if the processor were calculat-
ing the memory address to be used for LDA ($1000),Y, it would
go through one cycle in which the incorrect address of ($1000)
was read from memory. This value would then be discarded by
the processor, and the correct value of the address ($1000+Y)
would be read. Since these incorrect addresses always force the
read/write line to a read state (logic one), the effect of the fetch
of the incorrect memory address is that some data value is
placed on the data bus, but it is ignored. This is not true in
fetches from interface devices. Since some LSI interface chips
contain up to 16 register addresses, indexed addressing is often
used to initialize or reinitialize groups of registers. The problem
arises when a port of the device is operating in the handshaking
(see Chapter 2) mode and inadvertently receives a false read
operation as described above. This may cause an undesired
reset of the data-ready flag in the status register of the LSI chip,
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