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Preface
The purpose in writing this book is to introduce you to the signals
within the Apple@o II computer and to show you how these signals
can be used to control external devices under the control of BASIClanguage programs. A general-purpose computer interface breadboard has been developed to speed your circuit design and testing
so that you can easily perform the many interesting experiments that
are included in the book. By using a design system such as the one
described in this book, you will spend your time concentrating on
the.principles involved, rather than troubleshooting your circuits.
However, you will have the opportunity to build and test many digital circuits, as well as circuits that use digital-to-analog and analogto-digital converters.
We have chosen to use the Apple II computer with 16K of read/
write memory, and the ApplesoftrMi BASIC interpreter plogram.
This software provides a great deal of flexibility and it is worth having it available when you are using external interface circuits. The
Applesoft BASIC interpreter has two general-purpose commands
that can be used to transfer information to and from the computer.
These instructions are easily mastered, without requiring a detailed
understanding of the 6502 microprocessor integrated circuit ( IC )
that is used as the "heart" of the Apple.
First we will introduce you to the control signals that are available
from the Apple computer for interfacing, and we will show you how
they are used. Some of the signals will not be described, since they
are generally not used in interface circuits, and are meant to be used
by special interface devices that are manufactured commercially.
Our next step is to show you how the Apple can identify or address
external devices through the use of two general-purpose instructions,
PEEK and POKE. These commands are central to the control of external devices; we spend some time covering their operation and the
use of a variety of circuits that can be used to identify specific input/
output, or I/O devices. You will also see how the Apple can transfer
information to and from external devices over the bidirectional data
*Apple and Apple II are registered trademarks of Apple Computer, Inc.
fApplesoft is a trademark of Apple Computer, Inc.

bus; the basic circuits used for i,nput ports and output ports are described in detail. Real circuits are provided, so that you can quickly
use the many examples in designing your own interface devices.
You will also see the power of BASICJanguage programs-as the
data is processed within the computer to provide meaningful results.
Simple control programs are provided to show you how BASICIanguage programs and I/O devices can interact. You will be able to
write simple control and data processing programs to go along with

your I/O ports and devices.
Since the computer is not always synchronized to external devices,
there must be some interaction between the computer and the various I/O devices so that each knows when the other is ready for some
appropriate action. This leads us to the topic of flags-those signals
that are used by the computer and by external I/O devices to allow
information to be transferred in an orderly fashion. Since flags are
important, we spend some time on them and on the corresponding
circuits that are actually used in external devices. Software is covered
too, since the flag circuits are useless unless they can be sensed by a
control program.
We have assumed that you have a fairly good understanding of the
commands in Applesoft BASIC. If you are just getting started with
the Apple computer, we hope that you will take some time to review
the simple commands, such as FOR, GOTO, IF . . . THEN, PRINT,
and INPUT. Other commands will be introduced in the text and experiments, and we will provide the details of their operation. At the
end of this book, the use of these and other commands should be
second-nature.

In Chapter 6, we have provided 16 detailed, step-by-step experiments that you can perform to reinforce the many interfacing principles that have been developed in the text. You will also see the

power of BASlC-language programs for interface control and for
actually processing the information that is involved in transfers to
and from I/O devices. We have made an efiort to cover a broad spectrum of interesting interface applications. Throughout the experiments, you will see that the same basic principles apply to all of the
interface circuits, from the simplest to the most complex.
We realize that it is difficult to write a book like this for an audience that has a wide range of backgrounds, from the beginner to the
advanced user. Thus, we have chosen to start at some middle point.
We have chosen to skip basic binary numbering, decimal-to-binary
conversions, basic digital electronics, and breadboarding. These topics are covered in detail in other books, and the reader who is in the
middle of our assumed spectrum of readers probably has a good
understanding of these topics. In some places, a paragraph or two of
review material have been provided, just to serve as a refresher. We

make no attempt to provide much detail here, simply enough to get
you started.
We have assumed some familiarity with SN7400-family digital integrated circuits, or chips, such as the SN7402 quad uon gate and the
SN7475 quad latch chip. Other complex chips will be introduced and
explained in sufficient detail so that you can use them as shown in
the text or experiments. If you wish to use these devices in other
applications> we suggest that you obtain the necessary data sheets
from the manufacturers. The data sheets will provide the necessary
information for a wide variety of uses, and they will also reflect any
basic changes or modiffcations that may have been made to an "updated" device, or one that has been "enhanced" with some special

feature.

The Apple II computer has eight general-purpose S0-conductor
interface connectors in its case. The basic bus signals used in the experiments are derived from the signals at these connectors, so if you
decide to design and build some of your own interface circuits that
will be plugged into one of these "slots," you will ffnd the same signals are readily available at the edge connectors. However, there are
also some special-purpose signals that are generated by the Apple to
make the interfacing task somewhat easier. These signals and their
uses are described in detail in Chapter 7. Since the signals are not
general purpose, but are speciffc to the Apple, and in many cases,
speciffc to a particular connector, they are described last. To show
you how these signals are used, a simple asynchronous-serial communication interface circuit is described, and software to control it
is listed. This type of interface can be used to communicate with
other computers, serial printers, modems, and other interface devices
that use the asynchronous-serial data format.
We have not described assembly-language programming, since
tllis is a specialized topic and requires a great deal of background.
However, we have provided one simple assembly-language subroutine for you to use in several of the experiments. There is a good
reason for including this subroutine; the equivalent function is not

readily available in Applesoft. The function required is the logical
axring of B-bit bytes. The logical exo in Applesoft is simply a trueor-false ervn operation, and it cannot be easily used for bit eNoing.
The assembly-language subroutine also provides you with an introduction to how such routines can be accessed by a BASlC-language
program. We have chosen to use the more complicated USR(X)
command, rather than the CALL command, since we think that
more will be learned.
We found that there were some limitations to the Apple. For example, there is no simple "rounding" command that can be used to
round a number to a specific number of decimal digits, for example

4.1986 to 4.2O. Likewise, the absence of a bit-by-bit eroing command
was a limitation that was overcome with an assembly-language routine. We also found that the potentially useful WAIT command that
is used to test individual bits will "hang up" the computer if the condition is not found. The computer continues to wait if the condition
is not met, and you must reset the computer to get your program
going again. A color display and nice graphics are available, although we used a black/white monitor in our system.
Most of the special purpose chips, such as the analog converters,
have been chosen because of their simplicity, low cosi, and availability. This is not meant to be an endorsement of these products. As
your interfacing sophistication increases, you will ffnd other specialpurpose devices that can serve the same function, but perhaps with
added feafures, more resolution, difierent power supplies, etc. Our
aim is to get you started, and not to provide you with a sourcebook
of every possible interface to the Apple computer system. An impossible task in any case.
If you are interested in some additional reading about more advanced topics, we recommend:
6502 Software Design (21656).
Programming b lnterfacing the 6502, With Experimerts ( 2165f ).
M icrocontput er- Analo g C orw erter S oftuare and H ardu,are lnterfacing (21540).

We also recommend TRS-BO lnterfadng, Book 2. While written
around the TRS-80 computer, this book details more advanced interfacing topics such as driving high-current/high-voltage loads, serial
c,ommunications, remote control, analog converters, ffltering and
data processing, and other interesting topics. You will quickly see
that the similarities between the TRS-80 and Apple are much greater
than their difierences. Control signals and BASIC commands-are almost identical. All of the books noted above are available from
Howard W. Sams & Co., Inc., 4300 West 62nd Street, Indianapolis,

IN

4626B.

The pin conffguration figures used in most of the ffgures, unless
otherwise noted, are provided through the courtesy of Texas fnstruments, Incorporated. The names Apple and Applesoft are trademarks of Apple Computer, Inc., Cupertino, CA. The name TRS-80
is a registered trademark of Radio Shack.
tv-e hgpe that you enjoy this book, and that it leads you to design
and build some interface circuits of your own.
]oNerrreN A. Trrus, Crnrsroprnn A. Trnrs and Devm G. LensrN
'The Blncl$burgGroup"
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CHAPTER 1

6502 Processor
The Apple tlo (Appleo) computer system by Apple Computer,
Inc., uses the 6502-type of microprocessor integrated circuit. This
"chip" forms the heart of the central processing unit ( CPU ) of the
computer, the place where the actual mathematical, logical, decisionmaking, and other operations take place. The 6502-type microprocessor chip is manufactured by MOS Technology (Norristown, PA
19401), Rockwell International (Anaheim, CA 92803) and Synertek
Corporation (Santa Clara, CA 95051).
The 6502 is an 8-bit processor. Thus, all of the mathematical, logical, data transfer, input and output operations operate on eight
binary bits at a time. Each bit, of course, can be either a logic one
or a logic zero. The 6502 uses an 8-bit data bus to transfer information between itself and various memory locations and input/output
(I/O) devices such as a keyboard, printer, etc. In cases where the
value of the information exceeds the limit of eight bits, multiples of
8-bit data words are used. Each 8-bit data word is generally referred
to as a byte.
You should realize that the maximum value that can be expressed
with eight bits is ltlltlll2 or 255to.If larger values are to be operated on in an 8-bit computer system, then multibyte operations are
required. Generally, this means that corresponding data bytes in two
data words are operated on, followed by the operation being performed on the next corresponding set of bytes in the large data
words. In this way large values, beyond the value of 255, may be
readily processed. It is important to remember, though, that the
Apple and Apple

II

are registered trademarks of Apple Computer, Inc.

Apple CPU can only process and transfer eight bits or one byte at a
time.
The 6502 uses a single set of eight pins to make the connection
with the data bus in the computer. This data bus is used to transfer
information both to and from the computer. This type of a bus is
called bi.d,irectionaf since it allows information to fow in two different directions. This is much like a highway that is used to allow
vehicles to drive one way in the morning and to allow vehicles to
travel in the opposite direction in the evening.
The 6502 generates control signals on the integrated circuit that
are used both internally and externally to supervise and manage the
flow of information on the bus, in one direction at a time. We will
explore the generation and use of these signals later in this book.
MEMORY

All computer systems have some memory associated with them. In
general, the memory is used to store both a program that will control
the operation of the computer, as well as the information that is to
be processed. In the 6502 computer, each memory location can be
used to store eight bits of information, or one byte of data. Most
memories consist of multiples of these one-byte storage locations,
generally in multiples oI L024, abbreviated lK.
The memory locations must be addressed in some way so that the
computer knows exactly where it is to store data or obtain program
step information. The 6502 microprocessor chip has 16 address outputs allowing it to specify any one of 216 or 65,536 memory locations,
each of which can contain one byte. This is often shortened to 64K,
indicating that 64K bgtes of information can be addressed. In almost

all microcomputer memory systems, each memory location is

uniquely addressed with a 16-bit address.
The address bus lines are labeled A0 through Al5, corresponding
to the least-signiffcant bit ( LSB ) through the most-significant bit
(MSB), respectively. The LSB and MSB can both be either a logic
one or a logic zero, but their posi.tion gives the LSB a oalue of zero
or one and the MSB a oalue of zero or 32,768. Since the 6502 is an
8-bit processor, the address lines are frequently split into two groups
of eight lines each, A7-A0 and At5-A8. The lines A7-A0 are referred
to as the low or LO address, while lines A15-A8 are referred to as the
high or HI address. In many 6502-based computers, the HI address
is also called the yge a.ddress, since the memory may be arbitrarily
divided into 256 pages, with 256 bytes per page. The uses of the address bus will be explored further when software instructions are discussed and when interface circuits are developed. Unlike the data
bus, the address bus is unidirectional, the address information fows
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in only one direction, from the CPU to the memory and to external
devices.

The pin conffguration of the 6502 is shown in Fig. l-1. Although
most of the other signals may be meaningless to you now, you should

be able to identify the 8 data bus input/output pins and the

16

address output pins.
Since the memory section is being discussed, there are two basic
types of memory devices used in microcomputer systems. They are:

l.

ReadlWrite-ReadlWrite (R/W) memory is used for the storage of data that will be changed or updated. The computer
must be able to place the information in a memory location and
then be able to read it back. Programs that will cirange are also
stored in R/W memory for the same reason. The lowest cost
Apple computer contains 16,384 or 16K bytes of R/W memory.
2. Read-Onlg-Read-only memory (ROM) is used when data values and program steps will not be altered. The BASIC interpreter program in your Apple system is contained in read-only
memory chips. The Apple BASIC interpreter is stored in l2K
of ROM.
There are various sub-classes of these types of memory devices.
The R/W memories may be either static or dyrunnir. Static memory
chips will maintain the values stored in them until they are changed.
Dynamic memories require refreshing by external hardware every
few milliseconds or they will "forget" or lose the data stored in
them. The R/W memories in the Apple are dynamic, with the neces-

n

sary refreshing circuitry contained on the computer printed-circuit
board.
There are many types of read-only memories. The various types
are generally all static, the difierences occurring in the means of storing the 8-bit values in the memory locations. The two most important
types are mask-program,med and field'-programmed. The mask-programmed devices have data values, program steps, etc', stored in
them during the various manufacturing steps. They are generally referred to as ROMs. The ffeld-programmable devices require some
kind of special programming circuitry to store the logic ones and
zeros in the various locations. Some of the field programmable
ROMs, or PROMs, as they are generally called, can be erased under
high-intensity ultraviolet light. They can then be reprogrammed.
This is very useful when programs are being developed that will be
stored in read-only memory. It does not require the development of
masks and chips-an expensive process-each time a program bug is
found or a change is made.
A few ffnal words are required about semiconductor memory devices. The read-write devices are ool,atile, since data (your program
and values ) will "evaporate" or disappear when power is removed
from the system. The read-only memories, on the other hand, are
considered to be nonvolatile, since they will maintain the data or
program steps (the BASIC interpreter) when the power has been
removed.

Most memory integlated-circuit packages or chips do not have all
16 of the address lines connected to them. They have only enough
address connections to uniquely address the memory locations within

the individual chip. Thus, a 64-byte chip, small by standards of today, would only have 6 address line inputs while a L024 (fK) byte
memory chip would have 10 address line inputs. Memory chips such
as these have an additional control or chip-enable input that allows
banks or groups of the chips to be selected, one set at a time. Various
decoding and selecting circuits may be used, thus allowing a 32K
block of memory to be constructed from 64-byte or lK byte chips,
or even combinations of the two. The main point here is that the
memory chips do not require all 16 address lines to be connected
directlg to them, although some combination of all 16 address bits
will beused to uniquely select one byte. You should not be confused
when you are confronted with a lK x 4 bit memory that only has
l0 address inputs and a chip enable input. This concept will be developed further as you study input/output data transfers.
One control signal is generated by the 6502 processor chip to control the flow of information on the dala bus. This signal is noted as
nneniWRFfg or more simply, R/W.Whenever a read, or a write,
operation is to take place, the 6502 must specify a l6-bit address to
l2

locate the memory tell" that is to be involved in the transfer. In this
case, the cell is an 8-bit word or byte.

The "bar" over part of the signal notation indicates that when the
signal is a logic zero, a write operation is taking place; and when in
the logic one state, a read operation is taking place. Thus, a single
line controls all of the memory functions. In some 6502-based computer systems and peripherals, you may see the signal "split," to provide two memory control sigrrals-1ggmory read (N[EN[-R or fr[R),
and memory write (NIEIvIW or .NIW) This takes some additional
gating, so in most cases, the R/W signal is used by itself. It is available at pin 34 on the 6502 microprocessor chip.
You m.ay also see the notation RAM used to incorrectly signify
read/write memory. The acronlrm RAM stands tor random-access
memory.In fact, all of the modern, easy-to-use memory devices are
random access, since one may address one location and then any
other, without having to sequence through all of the locations between the two addresses.
Pin conffgurations for typical memory chips have been provided
in Fig. 1-2.
For additional information about memory devices, we refer you to

. Intel

Memory Desi.gn Handbook,
Clara, CA 95051, 1975.

Intel Corporation,
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The 80B0A|90NA MOS Mictoprocessor Handbook, Advanced
Micro Devices, Inc., Sunnyvale, CA 94086, 1977.
Mostek Memary Products Catal.og, Mostek Corporation, Carrollton, TX 75006, 1977.
Bipolnr and CMOS Memorg Data Book, Harris Semiconductor
Prod. Div., Melbourne, FL 32901, 1978.
|NPUT/OUTPUT

(l/O)

DEVICES

Most microcomputer-based systems are worthless without some
attached I/O devices. These devices may be standard peripherals,
such as card readers, printers, displays, or they may be sensors, controllers, and other devices that most people do not normally associate
with computers. The Apple is no exception. It already has several
I/O devices associated with it: a television display, a cassette recorder, and a keyboard.
Other I/O devices can be added to your computer. These devices
may be of your own design or they may be standard, commercially
available devices that are compatible with the Apple. These I/O
devices are much like the individual memory locations that were discussed in the previous section. The I/O devices are attached to the
data bus, since data is transferred to them and from them, and they
are also connected to the address bus so that they may be uniquely
addressed by the 6502 microprocessor chip.
A control signal, READ/WRffi or R/W-, is used to synchronize
the fow of data to and from the I/O devices. This signal is also used
in 6502-based computer systems to control the fow of infornation
to and from the memory chips. Thus, there is no difierentiation between memory addresses and I/O device addresses in 6502-based
computers. In computers that are based upon the B0B5- or Z-80-type
microprocessor chips, there are different techniques that are used to
address memory and I/O devices independently. Since only one synchronizing signal is used to control memory and I/O devices, the
Apple's 6502 processor will be either reading or writing at all times.
When the R/W signal is a logic one, the 6502 is reading information
from the data bus. When the R/W signal is a logic zero, the 6502 is
writing datato an external I/O device, or to a memory location. The
"bar" over the W simply means that the write operation takes place
when the R/W- signafis a logic zero. You may see other signals with
such bars over their names. This simply means that the signals aie
active in the logic zero state.
Since we will be concentrating on the use of I/O devices with the
Apple, we have left a great deal of the speciffc discussion to the remaining sections.
t4

Review

At this point, you should understand that the 6502 transfers and
operates on eight bits of data at a time. Complex calculations and
operations often require multiple groups of eight bits or bytes. The
bytes are transferred to and from the 6502 CPU on an 8-bit bus.
foble l-1. Control Signols Used for lnterfocing
DATA BUs

An 8-bir bidirectional sel of lines for transfer of
information between rhe CPU and l/O devices.

D7.DO

ADDRESS BUS

Ar5-AO

Al5-A8

A l6bit unidirectional address bus used
dress both memory and l/O devices.

Hl

to

ad-

address bus, mosf-significant eight address

birs.

LO address bus, least-significant eight address

A7.AO

bits.
CONTROT SIGNAT
NOTES: The

R/w

"bar" notation, i.e.,

Read/write control signat.

logic zero is lhe "active" state, the state that
lhe corresponding action to
ln each case in which a signal is enumeraled, the numbers increase as the significance of the
bits increases, i.e., Al5 = most-significant address bir (MSB).

causes

-W, indicales
take place.

The 6502 uses a 16-bit address bus to address individual memory
location and I/O devices. The address bus is frequently broken into
a HI and LO address bus, of eight bits each. The single control signal, R/W, controls the flow of inlormation to and from-the 6502 CPU.
The signals and their designations are noted in Table 1-1.
SoFTWARE

l/O

UO

CONTROT TNSTRUCTTONS

Commands

The Apple computer has a number of instructions that are used to
control I/O devices. For the most part, though, these instructions are
used to control speciftc I/O devices or to perform speciffc functions.
Without realizing it, you are already familiar with some, if not all,
of these I/O instructions.
Here are some speciffc examples of these I/O control instructions,
to refresh your memory.
The INPUT and PRINT commands are probably familiar to you.
The INPUT command causes a BASIC program to stop and wait for
an input from the keyboard. The PRINT command causes an answer
or string of characters to be'printed" on the fu screen.
Example l-1. A Simple

IO
20

INPUT "VALUE OF X IS"; X
PRINT " INPUT VALUE WAS"; X

t/O Progran

If

you executed the program in Example 1-1, the value associated
with the variable, X, would have to be entered into the computer
before the program passed control to statement 20. These two types
of I/O statements are frequently used to allow an operator to enter
a value and to see it displayed. There are many variations of both the
INPUT and PRINT commands, but these two examples serve to illustrate the point; you have already been using I/O operations in
BASICJanguage programs without difficulty.
You mayhave already discovered that there are also graphir displny IIO commands in BASIC, too. These are commands such as
HOME, PLOT X,Y and SCRN (X,Y).The HOME command clears
the screen, and places the blinking cursor at the "home" position in
the upper left-hand corner of the tv screen. The PLOT and SCRN
commands require the use of "coordinates" to indicate where an
operation is to take place.
The program in Example 1-2 shows how some simple graphic display commands are used in a short program. This program generates
a display of randomly changing colored dots on the tv screen. If you
are using a black-and-white (b/w) tv, you will see the dots in varying shades of gray.
Exanple I-2. A Random Cotor Patlern Gcneralor Using

IO GR
20 X:lNT(40*RND(I) + I
30 Y:lNT(40*RND(I) + I
4o COTOR:lNT(l5t<RND(l)) +
50 PIOT X,Y
60 GOTO 20

l/O Conmends

I

There are two other commands that you may not have considered
to be I/O commands. These are the LOAD and SAVE commands
that are used to read and store programs on cassette tapes. Each
command causes a preset series of operations to take place, controlling the cassette recorder. The use of these commands is fairly obvious, so we will not provide an example.
Other I/O commands are the IN#X and PR#X operations that are
associated with special I/O devices that can be substituted for the
keyboard and tv display. It is important that you realize that these
I/O instructions are speciffc to the Apple computer and its BASIClanguage interpreter program. These instructions would be meaningless to other 6502-based computer systems, unless they used the
Apple BASIC program. The instructions are also speciffc to one I/O
device, i.e., the HOME command will not have an effect on the cassette recorder, M arW other llO il,eobe. Likewise, the INPUT command controls the input of values only from the keyboard on the
console.
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General-Purpose

l/O

Commands

Although there are some general-purpose I/O commands in the
INTEGER BASIC interpreter program for the Apple computer, for
this book we have chosen to use what we consider to be the more
flexible APPLESOFT BASIC interpreter program. If you wish to
convert your Apple computer to this program, a local Apple computer dealer can assist you.
The two I/O device commands are PEEK and POKE. They are
used to transfer data to an external device from the computer
(POKE), and to the computer from an external device (PEEK).
There is a speciffc format for these instructions that must be used if
the instructions are to operate properly.
Input and output devices will be referred to as ports. Thus, an output device will be an owtput port and an input device will be an i.nWt port. This is standard nomenclature used throughout the microcomputer industry.
The output instruction, POKE, must specify the adilress of the
I/O device that is to be involved in the transfer of data and also the
value that is to be transferred to the addressed device. The actual
format for the POKE instruction is POKE, r,g, where the r value
represents the decimal address of the outtrlut device that is to receive
the data value, y. The data, y, must also be a decimal number. Since
the 6502 microprocessor chip can address 65536 memory locations,
the address must be within the range of 0 to 65535, inclusive. The
data value must be within the range of 0 to 255, inclusive, since the
computer uses an 8-bit data bus for all data transfers, and the largest
number that can be transferred on such a bus is 255.
The value 215 is sent to outtrlut port 12684 in the following statement: POKE I2ffi4,215.
The input instruction, PEEK, is similar to the POKE instruction,
except that no data value is incorporated into the command. We are
interested in determining the value present at the speciffc input device, so only the decimal address of the input device is speciffed;
PEEK (r), where r is the decimal address of the input device.
It does Iittle good to input a value without doing something with
it, so the input command is always incorporated in a complete statement, rather than being a statement by itself. An example of this is
Q:PEEK(3457s).
In this case, the variable, Q, is assigned the decimal value that has
been input from device 34579.It is important that you remember to
enclose the address of the input device in parentheses.
Whenever a PEEK command is used, the,value that is input will be
between 0 and 255, inclusive. Again, this is due to the limitation of
8-bit transfers.

lobte l-2. volid tnpur
POKE
POKE
POKE
POKE

(PEEK)

ond outPut (PoKE) Gommond Slructures

L:
L-

45124,98

N,I20

PEEK (23r09)
PEEK (A)

45I24,X
X,M

The input and output commands may have variables speciffed
within thim, rather thin speciffc values foi port addresses, an4_i1the
data values. fhus, all of the PEEK and
case of the pOKE
porg commands "o*-"id,
shown in Table l-2 are valid. we have assumed,
that the values for the variables, N, M, X and Qhave been
of
"orrrr",
speciffed somewhere in the program prior to the use of the instructions shown in Table I-2.
Input and output commands in which the address values exceed
6553-5 will g"rr".it" an ILLEGAL QUANTITY ERROR in the epplj
computer. Ln attempt to output a numerical data value that exceeds
255 will also generate an ILLEGAL QUANTITY ERROR'

We have pivided some examples that show the use of the POKE
and PEEK lommands. While tlie programs shown in Example 1-3
can be executed, they will not do anything useful, since you do not
have any external I/O ports connected to your computer, at present'
Example

l0
20
30
40

l'3.

Simple

l/O Program: for

PEEK

and POKE Commands

:'';P
INPUT "OUTPUT PORT
INPUT "VALUE FOR OUTPUT"; V
POKE P,V

#

GOTO

l0

IO INPUT "INPUT PORT # : "; M
20 PRINT "VALUE AT PORT :"; PEEK (MI
30 GOTO l0
Since 6502-based computers cannot distinguish between memory
locations that are ,rr"d fot the temporary slorage of programs and
data, and those that are being used for I/O ports, the- PEEK and
POKE instructions are frequently used to examine and alter the contents of various memory locations within the Apple' If you-POKE
information into read/write memory in an indiscriminate fashion,
you may "write over" important parts- of your p-r9qam, or informalion thal has been tempoiarily stored by the BASIC interpreter. The
net efiect is a "crash" ol the computer system, in which your program
and data will be lost or signiffcantly altered. It is probably not a good
idea to randomly POKE information into various addresses, until
are provided. Of course' you can -use the
some speciff"
-"o--"tgnid"litt"s
the contents of a memory location
to
examine
d
PEEK
whenever you wish, since this command will not alter the contents
t8

of an examined memory location. From the previous discussion of
memory devices, you should realize that the POKE operation will
have no effect on the read-only memory devices in the Apple.
Memory Maps
At this point it is a good idea to take a look at the "maps" of the
memory addresses that are used by the Apple. A complete 64K memory map is shown in Fig. l-3. For the sake of convenience, the memory addresses are provided in both decimal (base-l0) and hexadecimal (base-16) notation. The hexadecimal numbers have a suffix of
"H" to distinguish them from the decimal numbers.
The memory space for the Apple computer has been divided into
four l6K blocks. Three of the blocks have been assigned for R/W
memory, and most Apple computers have the R/W #f block "fflled"
with read/write memory chips. The remaining R/W blocks may be
used for future expansion of R/W memory, if this is required for particular applications. In most cases, we have found that l6K of R/W
memory is sufficient. Add-on memory chip kits are available from
many suppliers, and most Apple users can probably add the addi
tional memory chips to their system without much difficulty.
The remaining 16K block of memory has been set aside for both
ROM and I/O port addressing. The system ROMs for the Apple,
which include the BASIC interpreter and the monitor programs, take
up I2K of this space. The remaining 4K space is divided into two 2K
spaces for I/O addressing and future expansion of the Apple. The
I/O block with addresses C000H to C7FFH, inclusive, is the one
of major importance for interfacing, since it has been speciffcally set
aside for this purpose and it will never be used in Apple computer
systems for any other purpose. Some of the addresses within this 2K
block have been used by the Apple for controlling things such as the
speaker, the keyboard, and the cassette recorder. The actual address
49152

C000H

5l 199

CTFFH

51200

CEO()H

53247

CFFFH

R/W#l

I6383

3FFFH

163E4

4000H

- fizn

RIW#2

32767

TFFFH

3276E

8000H

DoooH

SYSTEM ROMS
FFFFH

R/W#3

49151
49152

C000H

65535

FFFFH

BFFFH

EXPANDED VIEW OF UPPER 16K

Fig.

l€.

64K

llenory

map for rhe Apple computer.
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assignments are shown in Table 1-3. We refer you to Basic Program.
ming Referenne Manual, and, Apple ll Refererwe Marutal, for details
on t[e actual use of these I/O addresses. These manuals are provided
with the Apple II computer, and are also available from Apple Com-

puter, Inc., 10260 Bandley Dr., Cupertino, CA 95014.
The remaining 2K block of memory, C800H-CFFFH, has been set
aside for future expansion. You may use this space for additional
read-only memory, if you have long irogr"-, thit you wish to liave
readily available.
Toble l-3. Appte l/O Addresses ond fheir Uses
Address
Decimal*

Hexadecimal

Keyboard data

49152

c000

Clear-keyboard slrobe

491 68

c0l0

49200
49184
49256
49249-49251

c030
co20

Function

Speaker
Cassette

Output

Cassette lnput
Flag lnputs

c060

c06r-c063

c064-4067
49252-49255
Analog lnputs
c070
49264
Analog Clear
c040
49216
Utiliry Strobe
*Only positive addresses given. To calculate negaiive addresses, iust add
the deci-65536 lo

mal addresses provided.

In later sections of this book, the actual use of the I/O addresses
will be described in detail. At this point, it is sufficient that you understand that a speciffc set of memory addresses has been set aside
for your particular applications. You should also rcalize that the
memory map shown in Fig. l-3 is particular to the Apple computer.
Other 6502-based computers will probably have difierent memory
maps, with R/W memory, read-only memory, and I/O device addresses located in difierent areas of the map.
Software Commands and lnterface Circuits
As you are probably aware by now, the PEEK and POKE instructions each cause some actions to take place, either at I/O devices or
at memory locations, as a direct result of the use of the instruction.
Instructions such as A:1.359 will cause some values to be stored in
memory, but we do not know what memory locations the Apple has
assigned to the variable "A" and we do not know how the value 1.359
has been stored. The PEEK and POKE instructions each cause a
deffnite, known sequence of operations to take place, transferring
data bytes, generating control signals, and transferring address information on the address-bus lines. These definite and reproducible
actions allow us to use these commands to control I/O devices. We
20

will now

explore the actions that each of these software commands

causes to take place.

The PEEK and POKE instructions operate in a very similar manner. In each, an address is speciffed, requiring 16 bits of information. During the execution of either instruction, the a.ddress information contained within the command is transferred to external devices
on the address-bus lines, A15-A0. In this way, the I/O device address
is available to all of the devices and circuits that are connected to
these address lines, both memory and I/O devices.
When a POKE instruction is used in a program, the data value is
also output by the 6502 chip, but on the data-bus lines, D7-D0. Once
the data bits and the address bits are "stable" or present on IhglI-Igspective buses in useable form, the 6502 asserts the READ/W-RTffi
signal on the control bus. This synchronizes the acquisition of the
data by the I/O device that was addressed. Of course, external circuitry is required to "capture" the data, as well as to identify the selected I/O device and synchronize it with the 6502-based system. A
timing diagram for these signals, as they appear on the 6502 system,
in this case the Apple, is shown in Fig. 1-4. Of course, the POKE
command involves many assembly-language instructions, and the
timing diagram shows what happens only during the time of the
actual data transfer. At this point, we are only concerned with what
the 6502 does during a POKE operation.
When a PEEK instruction is executed, the data is not contained in
the instruction, but is acquired from an external I/O device. Only
the address is speciffed. The 16-bit address is placed on the address-

Fig. l-4. Write operation signal relationshipr (See Appendix C.)

address
bus lines when the PEEK instruction is executed. when the

information is present, the corresponding I/O device must-place its
d"tt ot'th" daL bnt so that it miy be accepted by-the- 6502 proces;;r. D"ri"g a read operation, *re fl/W signal from the 6502 is a logic
o"e. Additlonal circiritry is required here, too, to select the I/O deto gate its data onto the data bus. A typical timing diagram
;;
";i
for the PEEk command is shown in Fig. l-5'
Tcvc

(APPLE

0l)

62

ADDRESS
FROM MPU

DATA FROM
MEMORY

Fig.

f'5.

Read operarion signal relalionships' (See Appendix C')

we will describe shortly some of the circuits that are used for in-

put and output ports. You have probablyrealized that while we have
port as one that can either receive data that is outiescribed
"ittb
put by the microcomputer or transmit data that is input by the microindi
;;d;t*, iime Ilotil'ersices may actually contain a number of(disks,
devices
sto_rage
data
conirollers,
ports.
Industrial
il;il/O
inalog converters, and other I/O devices may have a
"*.r"tt"r),
p6rts, since they may require more than ,eight bits of
6i
ltO
number
i*otr""tio" froir the computer a"d th"y may also need to transfer
more than eight bits of information to the c,omputer. In any case,
li"nrf"rt of d"ata that contain more than eight bits always_involve
th" tr"rrrf", of multiple bytes to and from the computer a1d the individual 8-bit I/o portr. Thi. is important to remembet: information
is aluags trarwferted ei'ght bits at a time.
Software Command-Data Transfer and Control
In most cases, the PEEK and POKE commands will be used to
transfer 8-bit da'ta values between the I/O devices or memory locations and the 6502 computer. As we noted previously, some data
22

transfers will require more than eight bits of information, so multiple bytes are transferred, one byte at a time.
There are also cases in which the actual oahrc of the data transferred is meaningless. The bits may be used to represent individual

two-state conditions that are unrelated to the positional values of
the bits. For example, a number of sensors could be connected to the
Apple indicating conditions such as tank empty-or-full, heater on-oroff, value open-or-closed, and so on. A PEEK command could be
used to input the status of these indicator bits, through an B-bit input
port. Thus, the value read from this input port might be 100, but the
port is serwing eight individual on or ofi (logic one or logic zero)
states, so the value of 10016 is meaningless. The individual binary
bits each represent the state of an indivlidual sensor. In this case:
10016

'- 011001002

This indicates that three of the sensors are in the logic one state and
ffve are in the logic zero state.
The POKE and PEEK commands can also be used in a similar
manner to turn a device on or to turn a device ofi, based upon the
state of the individual bits that have been sensed elsewhere in a control program. In fact, many of the I/O addresses used by the Apple
are assigned to simple on/off devices such as the speaker. Thus, a
simple command:

A:

PEEK(492o0)

will generate a'blip" on the speaker in the Apple. You should understand that the variable, A, is a "dummy," and its final value is not important, since the net effect of the simple BASIC statement is to
pulse the speaker once. The speaker control command may be used
in a loop to generate alow buzz from the speaker. This is shown in
Example l-4.
Example 1.4. A Simplc Speaker Control Program

l0 A : PEEK(4920O)
20 GOTO l0
The important point to remember here is that the PEEK and
POKE instructions are not limited simply to controlling the transfer
of information on the data bus. They may also be used for specific
control functions, such as pulsing a counter, turning on a pump, or
tilting a solar collector.
Assembly Language and BASIC
The BASlC-language programs that you write on your Apple computer bear very little relationship to the actual instructions that the
6502 microprocessor chip can actually execute. Each of your BASIC

statements and commands is i.nterpreted by the BASIC irterpreter
resident within the Apple computer. A programming manual for the
6502 chip, itself, would bear little relationship to the Apple software
manual. The commands are very different.
The 6502 does not have a PRINT command, so it would not perform the following operation:
PRINT "THIS LOOKS LIKE FUN"

The BASIC interpreter determines that a PRINT operation is to take
place and it then executes a series of assembly language program instructions that actually place the codes for the alphabetical characters in the display memory to spell out, "THIS LOOKS LIKE FUN."
The assembly language steps consist of logic ones and zeros that
cause the necessary internal and external 6502 operations to take
place to transfer the message portion of the PRINT command to the
display memory.
While we will not use assembly language programrning to any extent in this book, you should be aware that it is the "base" computer
language that causes the Apple to operate the way that it does.
The PEEK and POKE commands each cause many, many assembly language commands to be executed to produce the overall effect
of data transfer. Since these BASIC language instructions must be
interpreted, even when used one right after another, or in a loop, the
interpretatior.r. software process can be slow. Two programs are
shown in Example 1-5, both of which control the speaker in the
Apple. Each series of program steps does the same thing; generating
a tone on the speaker. Simply by listening to the difierences in the
two tones produced, you will be able to appreciate the difference in
the speeds of execution of these programs.
Example

l-5. Comparison of Assenbly Language and BASIC Programs for Speeker Control
Basic Program

l0 A : PEEK(49200)
20 GOTO l0

Assembly Language
LDY #$c0
LOOP LDA #$OC
JSR WAIT

Go

tDA

SPKR

DEY

BNE LOOP

JMP GO

The assembly language program generates a pleasing, even tone,
while the BASIC program generates a low rumble. The assembly language program is similar to the one used by the Apple Monitor program where the internal WAIT subroutine has been used to generate
a delay.
In some cases, assembly language programs have a fioe-hundred,
to one advantage over BASIC prograilrs, although the BASIC pro24

grams are probably easier to write and debug. Assembly language
programming is generally not recommended for the novice.
We will be mentioning assembly language programming very little, concentrating on the use of BASIC language programming instead. For further information on 6502 assembly language programming, we recommend 6502 Software Desi.gn and Programming and,
lnterfacingthe 6502,With Experinwnts (Howard W. Sams & Co.,
Inc., Indianapolis, IN 46268).
Binary and Decimal Numbering
The Apple computer system acquires, processes, and prints decimal (base-I0) numbers. This makes it corhpatible with the numbering used by most people today. It would be difficult for us to readily
understand and convert data values that were printed in a nondecimal format. The data and address lines are directly connected to the
6502 microprocessor chip, so they are binary, having only two statesa logic one or a logic zero. Thus, when we specify an I/O port address in a PEEK or POKE command, we must realize that the address (0-65535) will appear in its binary form on the address bus
(000000000000000G.1111111111U1111). You should be able to make
the conversion between decimal and binary, in either direction.
Likewise, the data values transferred to and from the computer
by the PEEK and POKE commands are also speciffed or acquired as
8-bit binary values, since the data bus is only eight bits "wide." The
8-bit data bus is a function of the data processing capability within
the 6502 chip. It is not a function of the Apple. Thus, we are limited
to 8-bit data transfers. Is this a great limitation? Generally not. In
spite of it, the Apple can process a great deal of information, and, as

you will see later, it is easy to interface to I/O devices.
One ffnal note on addresses is necessary before leaving this chapter. The BASIC interpreter in the Apple computer has been set up
to handle both negatioe ond positioe addresses.Jhis does-not mean
that there are actually negative addresses in the computer. Can you
imagine negative street numbers? The negative numbers are simple
due to the way in which the binnry equivalents of the addresses are
stored in the Apple. Thus, the address for the speaker, 49200, is
equivalent to -16336. To avoid confusion, we strongly recommend
the use of the positive addresses. You can easily convert between
negative and positive addresses simply by (") adding 65536 to a
negative address to yield the positive equivalent, or ( b ) by subtracting 65536 from the positive address to yield the negative equivalent.
Both addresses, 49200 and -16336, generate the same 16-bit address,
but we think that you will agree that negative addresses can seem a
bit abstract and confusing.
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CHAPTER

Apple lnterfacing
At this point, you are probably wondering:

o How
o

does the Apple actually transfer information

to I/O de-

vices?
How are the

I/O devices actually synchronized to the operation
of the computer?
o How are individual I/O devices selected or identiffed?
o How do I/O devices place their data on the data bus and how
do they actually receive it from the data bus?
These are important questions, since the answers to them will provide the basis for your understanding of microcomputer interfacing.
We will be answering these questions in this and other chapters. We
will also provide some experiments that will reinforce the concepts
through hands-on experience.
A few examples of digital circuits will be provided in this chapter.
We have assumed that you can "read" and interpret a logic circuit
diagram, and that you are familiar with the more common SN740Oseries transistor-transistor logic (TTL) circuits

t/o

DEvtcE ADDRESS DECODTNG

Before we can discuss the actual transfer of information between
devices and the computer, we must ftrst understand the circuitry
and the signals that are used to identify or address the individual
I/O devices. There are many schemes that may be used and we will
examine several of them. It is impossible to show every possible
scheme for addressing I/O devices, since modiffcations will be made
to suit special needs.

I/O
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When the Apple computer is programmed to perform a data trans-

fer using either of the general-purpose I/O commands, PEEK or
POKE, certain signals are generated by the 6502 processor to synchronize the fow of data. At this point, our main concern is the use
of the address bus lines. These are the 16 lines that address individual memory locations and I/O devices. You should recall that the
PEEK and POKE instructions each contain decimal address information that is used to identify the addressed memory location or I/O
device. Of course, the Apple computer has no way of distinguishing
between a memory location and an I/O port.
DEVICE ADDRESSING
Each I/O device that is to be used with the computer must be able
to recognize its own device address. Since the PEEK and POKE
commands use l6-bit addresses, each I/O device must monitor these
16 address lines, Al5-A0, for the occurrence of its address. There are
three basic schemes that may be used by I/O device circuits to accomplish the monitoring for a speciffc address. These are:

.

Gating-detecting a speciftc combination of logic signals.

o Decoding-a more fexible gating scheme in which many addresses may be detected.

o Comparing-comparing
dress-bus signals

a preset or known address with the ad-

until a match occurs.

Combinations of these three techniques are possibie and there are
probably many variations that are possible. We will describe examples of each of the three basic address decoding schemes.
Using Gales for Address Decoding

In the scheme for decoding device addresses in which individual
gates are used, the address must be known so that the gates can be
properly conffgured. In this example, we will use the device address
1010100011110111, or 43255rc. Since the binary notation is long, and
somewhat cumbersome, you might feel more comfortable with the
hexadecimal equivalent, A8F7H. Since uervp/ewn gates are the predominant type of gating logic available, we will use these types of
circuits in our logic.
To refresh your memory, the pin configurations for several types
of eup/Nervr gates are shown in Fig. 2-I, with the generalized truth
table for a two-input eNn gate and an equivalent Newn gate shown
in Table 2-1. Since inverters such as the SN74M are often found in
device addressing circuits, a pin conffguration for this chip has been
included in Fig.2-1. The truth tables in Table 2-l also show the function of an inverter. ln all cases, the Logic orw state is the higher oolt-

2A
sN7400

sN7408

2Y

sN7404

sN7410

sN74H11

Fig. 2-1. tnvertor and various AND/NAND gate pin conftgurations.

age (+2.8 to *5 Dolts) and the logic zero state is the lotoer Dolto.ge
(0.0 to 0.8 oolt). The Nam gate functions are available w"ith 2, 3, 4,
B, and 13 inputs, while the eNo gates are available with 2,3, or 4
inputs.
Since the unique output state, logic one for an AND gate and logic
zero tor a NAND gate, occurs only when all of the inputs to an axo or
a NAND gate are all logic ones, we will have to conffgure the binary
address 1010100011110111, so that it generated 16 logic ones at the
input to the ervo or NAND gate, when it is present on the 16-bit address bus. You have probably realized that there are no 16-input aNn
or NAND gates available commercially, so some other conftguration
must be used instead. It is very easy to use a separate 8-input Neuo
gate to detect a pattern of binary address bits on the high-address
bus (A15-AB), and another 8-input NeNo gate to detect a pattern of
binary bits on the low-address bus (A7-A0). Simple inverter func28

loble 2-f. Trurh lobles for o Two-lnput AND Gote,
NAND Gote ond on lnverler
lnverler

NAND Gare

AND Gate
lnputs

Output

lnputs

Outpul

lnpul

Ourput

AB
00
ol
t0

a

AB
00
0l
l0
II

a

A
o

a

I

t

I

0

II

0

o
0
I

I

I
0

tions are used to invert the logic zero address bits so that they apply
logic ones to their corresponding gate inputs, as shown in Fig. 2-2.
In this circuit, two inverters and a NAND gate have been used to combine the output from each of the S-input NAND gates, so that the output of the circuit will be a logic zero only when the compl'ete pattern
of 16 bits, 10101000111101112, is detected on the 16-bit address bus.
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Fig.2-2. Gating circuit used lo decode address 43255 or A8F7H.

One of the disadvantages of this circuit is that some of the address
signals must go through four gates before reaching the decoded address output from the 2-input NAND gate. Since each gate delays the
signal slightly, this might cause some timing problems in the circuit.
Actually, the time delays are fairly minor, and we will ignore them
for now. The delay can be reduced somewhat by using a NoR or oR
gate in the circuit to combine the outputs from the two 8-input NeNn
gates. This is good design practice. Non and on gates are readily
available and are used quite extensively in computer interfacing. A

sN7402

sN7432

Fig. 2-3. fypical NOR and OR gare IC pin configurations.

typical NoR and oR gate are shown in Fig. 2-3, with the corresponding truth tables provided inTable 2-2.
While the gating scheme shown in Fig. 2-2 is efiective in decoding
a single address, and relatively inexpensive, it is inflexible. A more
flexible approach is shown in Fig. 2-4.'this circuit illustrates the use
of a gating scheme in which inverters may be used to invert individual addreis bits, as required. The bits may also be used without inversion. The jumpers allow the device address to be preset, as illustrated in Fig. 2-5. In this circuit, only the low-address bus gating has
been shown, for clarity. A duplicate gating circuit is required for the
high-address bus lines. In this fire of a gating circuit, any one of the
65536 possible addresses may be selected, but only one at a time.
The programmable gating circuit provides broad fexibility, in
that addresses are easily changed to meet specific requirements for
an interface, but such a circuit can select only a single address, and
this is a severe limitation. When several I/O devices are located on
the same circuit board, each will require its own address gating circuit. This limitation can be overcome with other addressing schemes.
Unfortunately, the gating schemes that we have shown are not all
that is required to uniquely address and control an I/O device. You
should recall from the discussion of the READ/WRTfE (R/W)
signal in the previous chapter, that the R/W signal is used to synchronize the fow of information to and from the computer. The I/O devices must also use this control signal, if they are to use the data bus
properly. In many interfaces that are designed for 6502-based comTcble 2-2. fruth Tables for o Two-lnput NOR Gote snd OR Gote
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puter systems, the R/W line is used to provide the logic-zero write
pulse, with the R/W signal being irwerted to generate a separate
read pulse. The two resulting control signals, WR-ITE- (\ffR) and
EEED (-RD), are easy to use in interface circuits, since they are active in the logic zero state. The use of these signals is shown in Fig.
2-6. In this circuit, the output from the l6-bit gating circuit is combined with RD and'WR to provide two signals for I/O port control.
These two control signals are a combination of the decoded address
and the WRfiE pulse, and a combination of the decoded address
and the READ pulse. The resulting pulse from each gate is called an
add.ress sel.ec-t pulse, or a dersice sel.ec't pulse. More generully, t decoiled, address is gated with a functiom pulse (ffi or W-n) to generate a deoice sebct WIse.In the circuit diagram shown in Fig..2-6, the
RD-4gm0 pulse could be used to control an input port, while the
WR 49280 pulse could be used to control an output port. Note that
the notation for the WR 49280 pulse does not have a'bat'' over it.
FROM HIGH-ADDRESS GATE
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Fig.2-5, Programmable gate used for device address decoding. (High address
seclion is equivalent.)
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This mqans that the pulse is active in the logic one state, while the
RD 49280 pulse is active in the logic zero state. In this example, it is
quite proper to note the addresslq th.e I/O ports by using a hexadecimal value, for example, RD-C0-808
Before going further, you should be sure that you understand that
a readi.ng operation involves reading informati,on i.nto the contputer
from an input port, while a uri,ting operation involves the trarwfer of
i,nformatian frorn the conrputer to an external device. It is also quite
proper and useful to use one address to control an input port and an
outtrlut port. Since the RD and WR pulses
be coincident,
"an.rof
there is no confict between an input port and
an output port that
have been assigned the same address. You carm.ot assign two input
ports the same address, and you shu.tld. nof assign two output ports
the same address. In fact, you may ffnd that even though an input
port and an output port have been assigned the same address, they
may be unrelated as to their function, and may be used on separate
interface circuits.
The concepts and the basic circuits that have been developed in
this section are very important and they will be carried forward to
other sections and chapters. It is important that you understand the
use of the signals that have been discussed to select devices. We have
not yet discussed what these input and output devices are, or how
they work, but we shall discuss this in the next chapter.
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Using Decoders
In many cases, it is easier to use d.ecod.er circuits in place of the
gate address detecting circuits, and, in some cases, in place of the
Non-gate device select circuits, too. Why are decoders so useful?
Perhaps it is best to take a look at several types of decoders to see
what they look like and how they operate. As you examine the decoder circuits, keep in mind that they are simply collections of gates
that have been "integrated" into an easy-to-use decoder circuit.
Decoder circuits are generally speciffed as x-Ii,ne to g-line decoders, where r represents the number of binary inputs, say four inputs,
and where y represents the number of possible outputs, or the number of difierent binary states present on the r inputs. Thus, for the
four inputs, there would be 16 possible outputs, creating a 4line to
I&line decoder or a 4- to l6Jine decoder. This is, in fact, a real decoder circuit, as you will see.
Each of the binary inputs has two states, a logic one and a logic
zero. These inputs are independent of one another. The outtrluts are
also binary, in the sense that they have two possible values, but they
are not independerrt. There will only be one unique output from the
decoder, representing the value or "weight" present at the binary inputs. In most cases, the unique output state is a logic zero, with the
other outputs in their logic one state.
A typical decoder integrated circuit is the SN74LSI39. This inteated circuit actually contains two independent two-line to fourline decoders, as shown in Fig. 2-7.
The truth table for the SN74LSI39 is shown in Table 2-3.
Of course, the truth table applies to both of the decoders within
the SN74LSI39 integrated-circuit package, or'chip." Most decoder
circuits incorporate an enabling input, so that the decoder may be
'LS139, ',Sl39

...r., J'n
rneurs
OATA

Ira
ENABLE 2G

OUPUTS
t!51

-

2vl
2Y2

ff:J{
Cig.2.f. SN74tgl39 decoder chip *hcmatic diagram and pin configuration.
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loble 2-3. Trulh foble for on 5N74LS|39 Decoder
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turned on or turned off by one logic input. This is the function of the
ENABLE or "G" input on each of the decoders in the SN74LS139.
Note that when the "G' input is a logic one, all of the outputs are
forced into the logic one state, regardless of the states of the A and
B inputs. This allows the decoder to be gated on or ofi. In the ofi
state, the power is not removed, but the outputs are all forced into

the logic one state.
Let us now examine a simple, rather trivial, example of the use of
a two-line to four-line decoder for device address decoding. We will
assume that we only have a few I/O devices, so that the decoders in
the SN74LS139 decoder package can handle our needs. A typical
decoder circuit is shown in Fig. 2-8. In this circuit, only two address
bits have been decoded, the rest have been ignored. Note that the
enable input has been grounded so that the outputs of the decoder
will operate properly. The added Non and on gates generate the
actual device select pulses.
The device select signals have been noted as RD X, RD Y, and WR
Y, since there is no speciftc address that will actuate each. Addresses
01010101 00000010,00011101 11110110 and 0(D00000 11111110 will
all cause the RD X device select pulse to be generated, if they are
RDX

Fig. 2.8. 2-line-ro4line decoder used
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for device addressing.

used in PEEK commands, for example A=PEEK(21762). This nonabsolute device addressing results because address bits A15-A2 have
not been used in the decoding scheme. Nonabsolute addressing
means that there are several addresses that will actuate the selected
device. The circuit shown in Fig. 2-8 will decode four addresses and
thus eight individual devices may be selected, four input devices
and four output devices; additional Non gates or on gates are required, though. In a small system, this may be adequate, although
the decoding scheme does not provide a great deal of flexibility in
allowing the addition of new I/O devices beyond the original eight.
Although this scheme is not very fexible, let's take a closer look at
it, since it allows us to develop two other concepts that can be applied to other decoder schemes.
In Fig. 2-8, the enable input, "G," of the decoder is simply
grounded, to always enable the decoding action. This input can allow
the decoder to be used for absolute decoding. A gating circuit can be
used to supply an enabling signal to the decoder only when a preset
pattern of address bits, on address lines A15-A2, is present. You have
already seen the use of multiple-input gating circuits; the circuit in
Fig. 2-5 is a good example. This circuit can be readily adapted to
provide the enable input for a simple decoder. Since the Al and A0
inputs are being used as inputs to the decoder, they are not used as
inputs to the gating circuit that provides the decoder-enabling signal. A simple example of this is shown in Fig. 2-9. In this circuit, the
ADDRESS ENABLE signal is generated by a gating circuit (Fig.
2-5).In this case, the jumpers associated with the AI and A0 address

inputs are simply disconnected.
If we assume that the high-address gating circuit has been preset
for an address bit pattern of 11110000, and that the Al and A0 inputs
to the circuit have been disconnected (see Fig.2-5), then the decoder shown in Fig. 2-9 will only be enabled for addresses 11110000
01101100 through 11110000 01101111. Thus, in this circuit, the deADDRESS ENABLE INPUT

A1
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G3
2
BI
AO

W-n
oril8

Fig.2-9. Decoder used for absolute address selection.
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coder outtrluts of 0, 1, 2, and 3 correspond to device addresses 61,#8
61,551, or F06CH through fOOfH. Only the W-R-68I8 device select pulse has been generated in this example. Again, an oR
gate or a Non gate is required for each device select pulse that is to
be generated.
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l.

SN7'ftSl38 decodcr.

An alternate approach is to use bqth of the decoder circuits in the
SN74LS139 chip, using the RD and WR function pulses to enable the
decoders. In this way, the address selection is again nonabsolute, but
the device select gating is performed within the chip. This is shown
in Fig.2-10. The Non and on gates are no longer required for each
device select pulse to be generated. While this circuit may not be
immediately useful, it does illustrate the use of the enable input of
the decoder to generate the device select pulse. The decoder gating
or enabling input may be used for device select pulse generation, or
for absolute decoding. In some cases, it may be used for both.
Large Decoders

There are additional decoder circuits that will be useful to you in
interfacing your Apple computer to external devices. These decodfunctional block diagrm ard $hemati6 of inputs ard outputs
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Fis. 2-12. SN74l54 decoder,

Fig. 2-13. SN74l55 decoder.
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ers, depending on the type you choose, may have additional inputs,

enable lines, and outputs. Examples are shown

in Fig. 2-11 for the

SN74LS138 decoder and in Fig.2-I2 for the SN74154 decoder. The
SN75155 decoder has also been included (Fig. 2-13) since it has two
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sections, but the address inputs, A and B, are common to both of the
decoder sections. Each section of the SN74I55 has separate control

or enabling inputs.

A large decoder such as the SN74154 -line to 16-line decoder provides broad address decoding flexibility. A single SN74154 decoder
may be used to nonabsolutely decode 16 addresses, and when either
WR or RD is used as one of the enable inputs, the SN75t54 may be
used to directly generate 16 device select pulses, without the need
for additional gating. This is shown in Fig. 2-14.
Additional decoders or gates may be added to the basic circuit so
that absolutely decoded device select pulses are generated. A typical
example of this is shown in Fig. 2-15. Either the RD or WR signal
may be used to gate or enable the lower decoder. The Non gates
have been used to gate together the a.d'dress sel.ectinn sigwl from the
upper portion of the circuit and the add,ress selec-tian pfu,s the func'
timt, pulse from the lower decoder. Thus, the upper portion of the
circuit is used to "qualify" the outputs from the lower decoder to
make the address selection absolute. In this example, two device
select pulses have been shown. Although this circuit will work, it is
not particularly useful, since it can be simpliffed.
Al5
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Fig. 2.l5. Uring 3N74154 dccodcr end galing for absolutc dcvice addrcrs seleclion.
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Since the SN741il decoders have two enabling inputs, Gl and G2,
the uon gates shown in Fig. 2-15 may be eliminated by using the
Second enabling input as the "qualiffer" that will enable the decoder.
The use of this type of circuit is shown in Fig. 2-16. In this example,
the lower decoder now has two enabling input signals, the R-D control signal from the computer, and the enabling signal from the upper portion of the circuit. You should note that the upper decoder
has both of its enabling inputs used, so that it is enabled only for a
speciffc pattern of bits on the HI address bus. In this case, gating has
been used to generate the enabling signal for the upper decoder.
A third decoder could be added to this circuit to generate device
select pulses for output devices. The inputs to this additional decoder
would be the same as those to the lower decoder, except that the WR
signal would be used instead of the RD signal.
Many decoder schemes are possible, and you will have an opporfunity to explore the use of decoders in the experiments. The main
point is that the use of decoders simpliffes the process of device selection and gating. Decoders are generally used in situations that require flexibility and the generation of several device select or device
address signals in proximity to one another.
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Fig.2-16. An improved device selection circuit.
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Using Comparalors

The use of digital comparators for device address deteetion will be
the last technique discussed. The comparator-based schemes are relatively straightforward and they are very similar to the "programmable-gate" schemes shown in Figs. 24 and.2-5. Remember that
comparators, too, are simply collections of gates, connected or integrated, to perform a comparing function. The comparator circuits
allow us to present an address that is constantly compared to the 16sN7485
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fig. 2-19. Comprralors and decodcrs uscd for eddresr rclcction.

bit values on the address bus. This comparing is done by gating
circuits within the comparator chips. A typical comparator is the
SN7485 4-bit magnitude comparator, shown in Fig. 2-17. Besides
the equal condition, the SN7485 can also detect the greater-than
and less-than conditions, but these are not used in address comparison. Caution: The SN74L85 oersion of the SN74BS chip is rwt
a pin-fm-Nn equiaalent. Consult a manufacturer's data sheet for
additional information.
A typical address-comparison scheme is shown in Fig. 2-18 in
which only 8 of the 16 address bits have been shown for clarity.
The comparators have been preset to detect the address 205 or
110011012. Like an 8-input gate circuit, this scheme can only detect
a single address, so most comparators are used with decoders for a
12

fexible decoding scheme, as shown in Fig. 2-19. The unique "equal
condition" outtrlut of the SN7485 comparators is a logic one, so where
necessary, it has been inverted to provide the enabling signal to a
decoder chip. In this circuit, two additional comparators have been
used so that the device addresses are absolutely decoded. Now, the
outputs of the SN74fil decoder are only active when address bits
At5-A4 match the corresponding logic states that have been preset
at the inputs to the three comparator circuits. In this case, the address bits must be f1101001 for AI5-AB and ffi00 for A7-A4. Since
the W-R function pulse must also be present to enable the decoder,
you should realize that output device address selection signals are
being generated by this circuit, for addresses 59648 through 59655,
orE900H through E907H. Another SN74f54 decoder could be added
to this circuit to generate 16 device address selection signals for input devices. You would need parallel connections between the inputs
of both decoders except that the RD signal would be used in place
of the WR signal.
This completes our discussion of device addressing circuits and
the combinations of device addresses and function pulses to obtain
device select pulses. In future examples, we will expect that you will
recognize the notation WR il390 as a logic-zero device select pulse,
generated by the proper gating of the WR function pulse and address 54390. fn some cases, the actual gating will be shown, but in
most cases, we will assume that you understand the origin of the
signal. While you will probably see many different device addressing
and selecting circuits in other books, magazine articles, etc., you will
quickly ffnd that they all function in pretty much the same waygating an address signal with a function pulse to select a particular
device.
In some of the experiments, you will explore the use of device
select pulses to control devices. In the next chapter, you will learn
how these pulses are used to control the fow of 8-bit data bytes on
the data bus of the 6502.

CHAPTER

ItO lnterfacing
Now that we have developed a number of ways of selecting and
identifying I/O devices, the actual construction and conffguration of
the I/O ports become very important. In this section, we will develop some of the actual bus interfacing schemes that will allow I/O
devices to transfer 8-bit bytes to the computer and to receive bytes
transferred to them by the computer. As we found with the device
selecting circuits, there are many circuits for input ports and output
ports. Only a few sample circuits will be provided to illustrate the
basic principles of interfacing.
OUTPUT PORTS

Output ports are devices that receive data bytes from the computer, controlled by POKE commands in the BASICJanguage programs. You have already seen that there is a deftnite timing relationship between data on the bus, the WR pulse and the device address,
when a POKE command is executed. This has been shown in Fig.
1-4. In the Apple computer, the duration of the W-R pulse is about
500 nanoseconds. If we use the WR pulse to gate the data from the
data bus to an output device, through the use of the device select
pulse, the data is only presented to the output device for about 500
nanoseconds. This period is hardly long enough to allow the receiving device to perform a meaningful function. To eliminate this problem, each output port must be equipped with some sort of circuit
that can acquire data from the bus and 'hold" it for as long as
needed, or until it is "updated" by another data transfer.
The type of circuit that can perform this function is called a Intch,
since it can latch the information and hold it until it is updated or
Att

until the power is turned off. There are many difierent types of latch
integrated circuits that ofier different configurations of control and
data inputs and outputs. Rather than describe all of the various types
of latches, we have chosen to describe three general-purpose devices,
the SN7475, the SN74175, and the SN74LS373. The pin conffgurations and function tables are shown in Fig. 3-1. While the SN7475
and SN74LS373 are true latch devices, the SN74175 really contains
flip-flops. The SN7475latch chip contains four latch circuits and the
SN74175 contains four flip-flop circuits, so two SN7475 or two
SN74175 chips are required for each B-bit output port. The
SN74LS373 contains eight latch circuits, so only one of these is
required to construct an B-bit output port.
Let us briefly describe the operation of these latch circuits, so that
their use becomes apparent. We will use the SN7475 latch chip as
arr example. The SN7475 latch circuits can be thought of as "gates
that remember." This is shown in the function table for the SN7475
latch, shown in Fig. 3-1. In examining this function table, you will
note that when the enable input (G ) is a logic one, the data, or logic
level present at the "D" input, is passed through the latch to the 'Q"
output. The Q output is the inversion of the Q output. When tlie
enable input goes_from a logic one to a logic zeio, the level present
at the D in_put at this time is latched or remembered by the Q and Q
outputs. The timing relationship shown in Fig. 3-2 illustratis these
operations.
As soon as the "G" input goes to the logic one level, the Q output
assumes the state of the "D" input even if the levels at the "D" input
are changing. The logic levels are passed from the "D" input to the
"Q" output when the "G" input is a logic one; the "Q" output remains
at the level of the "D" input when the "G" input goes to a logic zero.
The SN7475 is divided into two sections, each of which can operate
independently of the other. The two gate inputs may be connected
to make the four latch circuits operate in tandem. Of course, the inputs and the outputs to the latches remain independent, so that four
input signals may originate from difierent places in a circuit. However, all four inputs will be latched at the same time if the separate
functions are operated in tandem.
The SN74LS373 operates in the same way as the SN7475, although
only one gating o_r enabling signal is used. In this chip, only the e
outputs are provided. The Q outputs are not available. An additional
output control has been provided, but when the SN74LS373 is used
as an output port, this control signal, Output Control (pin I ), is usually grounded.
The SN74175 chip contains four flip-flops that acquire and hold

information that is present on the posi,tioe-goi.ng edge of the clock
pulse. The outputs are only updated at this time, and the inputs are

FUI{CTIOil TABLE
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FUNCTION TABLE
OUTPUT

ENABLE

CONTROL
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D

OUTPUT

HH
HL
LX
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OO

z

LXX
HiH
HIL
HLX

Fig. 3-1. Pin conftgurations and function tables

for 5N7475 (rop), SN74L$73

(middle), and SN74l75 (boilom) latch chips.

not continuously gated through the SN74175 on either the logic zero
or the logic one portion of the clock signal. This is what distinguishes
this flip-fop device from the latch devices, although in computer interfacing, the net effect of both types of chips is the same.
A common clear input is also provided on the SN74175, so that the
flip-flops may be "cleared' (Q:0, Q=l), when this input is taken to

D INPUT
G INPUT
Q

OUTPUT

Fig.3-2, SN7475 latch circuit tirning relationships.

.,

...

the logic zero state. In most cases, the clear input will be connected
to *5 volts (logic one) and will not be used.
Each of the integrated circuits may be used to latch and maintain
the data put out by the Apple computer during the execution of a
POKE command. It is a simple matter of using an output device
select pulse to activate the latch circuit once it has been properly
connected to the bus. A typical 8-bit output port is shown in Fig. 3-3.
In this circuit, a logic one output device select pulse is required to
cause the latch circuits to acquire and hold the information output
by the Apple.
sN7475
D7
D6
D5
D4
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D0
DQ
DQ

D7
D6
D5
D4

\
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D3
D2
D1
D()

I

I

GG
DEVICE SELECT
PULSE

Fig.

3€. Two 3N7475 larch chipt used to fonn an output port.

In Fig. 3-4, two SN74175 latch chips have been used as an output
port, with some sort of logic monitors being used to provide a visual
indication of the information that has been latched by the chips. The
"1" indication at the connections to the CLEAR inputs at the output
port means that these inputs are connected to +5 volts, or a logic one
level. The "1" notation is used to distinguish a logic level connection
from a power-supplying connection, which is noted as *5 volts, or
+5 V.
An SN74LS373 B-bit or octal latch has been used as an output port
as shown in Fig. 3-5. Only one integrated circuit is required for this
output port. The Output Control line has been grounded so that the
outputs are pennanently enabled. Again, an output device select
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Fig. 3.4.

lwo SN74l75 letch chipr uted to form .n output Potl.

pulse must be supplied from the device selection logic. On-ce an outand a source
iut port has been properly connected to the data buscontrol
of softunder
pulse,
be
accessed
it
can
select
th"
device
?ot
ware commands. Foiexample, the command, POKE 49312,0 would
transfer the value zero to the output port with the address 4$f2. If
there is actually an outtrlut port connected to the data bus, which corresponds to this addrels, ihen the value zero would be transferred

to it.
The program shown in Example 3-l may be used to generate an
increasing binary count at output port 49320. The count will con+5 GND
ro sN74LS373

DQ
DATA

2

LATCHED OUTPUT

BUS

PORT

DQ

DO

GEN
OUTPUT DEVICE SELECT
FS.

3{.3N7{f$Y3 lrrch chip u:cd to fonn rn outPut

Port-

DATA

tinue in sequence ( in binary ), 255, 255, 0, L, 2 . . . 254, 255, 0, 1, etc.
This program will be seen again, in the experiments.
Example 3-1. An 8-Bit ltinary Gounting Program

for Port 49320

l0 FORN:0TO255
20 POKE 49320,N
30 NEXT N
40 GOTO r0
Output ports are rather easy to construct. Most parallel-in, parallel-out logic devices with internal latch capabilities can be used as
latches. Examples of devices that can be used as latches are the
SN74193 programmable binary counter, the SN74LS194A universal
shift register, the SN7419B shift register, etc.
Most outtrlut ports are readily conffgured with standard integrated circuits, but some of the newer integrated-circuit devices that
are meant specifically for use with microcomputers are becoming
available with built-in latch functions. An example is the Signetics
NE50f8 8-bit digital-to-analog converter chip which contains a latch
section.

Typical applications for output ports include the following:
Transfer data to a printer
Transfer data to a video display
Control a traffic light
Transfer data to a foppy disk
Actuate switches on a model railroad
Control valves and pumps in a chemical process

Control a plotter
Transfer data to a seven-segment display
Control another computer

In some applications, the value of the information is actually used,
while in others, the on or ofi state of each bit is used. Some devices
such as a printer may use a combination: ports for the transfer of the
data to be printed and ports for the control of the printer functions.
Displays made up of seven-segment LEDs frequently require the
usebf several outtrlut ports, even though the display is considered to
be only one "device."
INPUT

PORTS

Input ports are used with I/O devices so that they may transfer
information to the computer in 8-bit bytes. Unlike output ports that
must be able to accept and hold information that is placed on the bus
at a speciffc time, and may be continuously connected to the data
bus, input ports must be able to "disconnect" themselves from the

ONE

- BIT

Fig.3{. Attempted

DATA

BUS

usc of standard gates on a data bus.

bus when they are not in use. The input ports must pass logic ones
and zeros to the CPU, but they must be conffgured so that they do
not interfere with the use of the bus when they are not selected.
Depending on the type of gate chosen, simple gates cannot be
used to gate data onto the data bus lines since their "unselected" output state will be either a logic one or a logic zero, as shown in Fig.
3-6. Note that even when none of the gates is selected or enabled, the
outputs of the gates are at different logic levels, as noted by the
quoted logic levels. These levels "compete" for the use of the bus,
probably leading to one or more burned out chips. This should
clearly illustrate why gates alone are not used on data buses.

Fig. 3-7. SN74l25 bus buffer chip

pin conftguration.

Special integrated circuits with tlvee-state oudruts are available
to simplify the design of input ports. A typical three-state device is
the SN74125 bus buffer, shown in Fig. 3-7. The diagram of the four
devices should look familiar. It is simply a bufier (logic one in, logic
one out, etc.), but with an additional control line, shown connected
to one of the angular sides of the buffer symbol. The bufier will pass
logic ones and zeros from its input to its output when it is enabled,
but unlike a simple gate, when it is disabled, the output appears to
be electrically disconnected from the bus, or other logic device, to
which it is connected. In three-state devices, this third state is often
called the HI-Z or high-impedance state, to note its disconnected
condition. The disconnecting and connecting is rapid, generally taking less than 20 nanoseconds.
In the SN74l25 circuit, each three-state bufier has its own enable
input, which must be a logic zero for the data to be passed from the
input to the output. A logic one state on the enable input forces the
output into the high-impedance state. A similar integrated circuit,
50
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Typical rhree.state bus for four devices.

the SN74126, is a pin-for-pin replacement for the SN74125, except
that it is enabled with a logic one and disabled with a logic zero.
These chips serve to illustrate the action of three-state devices, but
they are not generally found in computer interface circuits, since
more useful devices are available.
For purposes of illustration, a typical bus is shown in Fig. 3-8. In
this circuit, four one-bit devices have been connected to the bus'
Only a one-bit bus is shown for clarity, although in an 8-bit bus system, eight lines would be required. When one of the BUS ENABLE
INPUTS is placed in the logic zero state, the corresponding data bit
is passed through the bufier and onto the bus. We will assume that
there are no other devices connected to the bus. Thus, the truth table
shown in Table 3-1 applies to this simple bus circuit.
When none of the bufiers has been enabled or connected to the
bus, the bus is not connected to anything except the input of the
gates, memories, etc., that are the "receivers" of the data bit, so the
Table 3-1. Trurh Toble for o Four-Device Three-Stote Bus
Enabla

DCBA
lll

lr0
r0l

011
lll
000

Bus Conlenl
Undetermined (all devices Hl-Z)
Data A
Data B
Data C
Data D

Not Allowed

5l

logic value of the bus is unknown. Whenever a logic zero is applied
to one of the bus buffer enable inputs, the sel.ected buffer passes its
data onto the bus. The condition in which more than one bufier has
been enabled is not allowed, since bus conficts will arise.
All of the devices that are to be used with the Apple computer
system to transfer information to the CPU mast have three-state outputs. Thus, even memory chips must have three-state orftputs, as
they in fact do. The computer designer must be sure that the system
has been designed so that no two input devices are selected at the
same time. If such a multiple selection takes place, improper operation of the computer occurs.
Input ports that may be used to transfer information to the computer are readily constructed using standard three-state integrated
circuits. In most cases, eight individual three-state bufiers are used,
one per bus line. In most cases, too, the enable inputs are all connected in parallel, so that all eight buffers transfer their information
onto the bus simultaneously. In some cases, the common enabling input is provided within the chip so that only a single pin on the chip
is required for the control of all eight bits.
There are many chips that may be used to construct input ports,
but only a few of them are general enough to warrant our consideration. The two main integrated circuits that will be used in our examples are the SN74365 and the SN74LS244. The SN74365 may also be
noted as the DMB095 (National Semiconductor Corp.), which is an
exact replacement. The pin conffguration for these two chips is
shown in Fig. 3-9.
You will note quickly that while the SN74LS244has eight threestate bufiers on one chip, the SN74365 has only six. If the SN74365
device is used to construct an input port, two of the integrated circuit
packages must be used. A typical 8-bit input port is shown in Fig.
3-10. In this case, only two of the three-state buffers in the lower
SN74365 chip have been used. Since the SN74365 contains built-in
vcc
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Fig. 3.9. SN74t321t4 and 3N7r865 (Dftf80!r5l thre.-3tate bus drivcr chip

pin conftguration.

aa
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of the three-state bufiers, these
have been used to gate the RD function pulse and the device address, 49321. If the device select signal, RD 49321, had already been
generated elsewhere in the interface circuit, it could be applied to
one of the enable inputs on both chips, while the other enable inputs
were g3ounded, or logic zero. This control scheme is shown in Fig.

NoR gates that control the enabling

3-ll.
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D7

II{PUT PORT

GND

AY

D7

D6

D6

D5

D5

D4

B: onrl%us
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DI
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DO

D()

49321
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Fig.3-lO. Typical inpur potl con3tructed using 5N74355 chips.

Using such an input port, data values may be input to the computer through the use of the PEEK command, as shown in Example
3-2.
Example 3-2. Dala lnput Program for Port 49321

lo A :

PEEK (a9321)

20

PRINT A

30

GOTO

l0
sN74365
RD 49321

Fig.

3.1

l.

(0N BoTH CH|PS)

Ahernate control schene for SN74365 three-stale chips.

In this example, the 8-bit binary value is converted to a decimal
number between zero and 255 when it is input by the Apple using
the PEEK command at line 10 in the program. It is then "printed" on
the video monitor screen. It would have been iust as valid to use the
following command:
l0

PRTNT PEEK(49321): GOTO lO

A similar input port may be constructed by using an SN74LS244
octal (8-bit) buffer. This chip contains two independent sets of four
buffers each, which are independently controlled with two enable
inputs,2G and lG. Since there are no built-in Non gates in the SN74L5244, external device select gating is required. A typical input port
in which an SN74LS244 chip has been used is shown in Fig. 3-12.
Software steps similar to those shown in Example 3-2 would be used
sN74LS244

II{PUT DATA

Fig. 3-12. tnpur porr configurrd

slrh m 3lllll324t

chip.

to control the flow of information from this port into the computer.
Both the SN74365 and the SN74LS244 have pin-for-pin equivalent circuits that i.rusert the d.o.ta bits as they are passed through the
chips and onto the data bus. These bufiers are the SN74366 and the
SN74LS240, respectively. The SN74366 is also equivalent to the
DN8096 chip. In most cases, the noninverting bufiers will be the ones
used in interface circuits.
In some cases, peripheral devices may generate more than eight
bits of information that must be read by the computer. An example
of such a device would be a l2-bit analog-to-digital converter. When
more than eight bits of information are to be input, the bits are divided into groups of eight bits. In the case of the l2-bit converter,
there would be two groups, one containing 8 bits, and the other containing the remaining four bits. Likewise, a l6-bit value would require two input ports, as would a 9-bit value. When not all eight bits
in an input port are used, the unused bits are generally placed in the
logic zero state by connecting them to ground, or logic zero. If the
54

state of the unused bits cannot be determined, perhaps they have not

actually been constructed in the input port circuit. You can "eliminate" these bits by using appropriate software commands. These
commands "masr"' these unused bits, so that they become zeros.
Since a 12-bit value may represent decimal values between 0 and
4095, some means must be found for converting the individual bytes
that have been input into a single value. We will assume that the
eight least-signiffcant bits have been input as a single byte from port
49312, and that the four most-signiftcant bits have been input from
input port 49313 at bit positions D3-D0. We will further assume that
the unused bits at input port 49313 have been grounded so that they
are logic zeros.
Now that the conffguration of the input ports has been deffned,
let's see how the information is manipulated so that the original value
is reconstructed from the two separate bytes of data from the two input ports (Fig. 3-f3). Since the least-signiffcant bits can represent
values between 0 and 255 from the lz-bit interface device, these bits
do not require any "conversion," since the Apple will simply input

INPUT DATA

DATA BUS

Fig. 3-13. Two-bit input port.

these eight bits and convert them to a value within the range of 0 to
255. However, if the four most-signiffcant bits are considered apart
from the other bits, converting them to decimal will yield values between 0 and 15, rather than their original positional values of 0, 256,
512, and so on. These bits have been'bffset" by a factor of 256 due
to the fact that the 12-bit data value had to be "split" into smaller
pieces so that it could be input by the Apple. Remember that any
8-bit value that is input into the Apple will be automatically con-

verted into a decimal number with values in the range of 0 to 255.
When the two values have been input into the Apple, it is a simple
matter to "reconstruct" the data. If the information from the four
most-signiffcant bits is multiplied by 256 and then added to the value
from the eight least-signiffcant bits, a resulting value will represent
values between 0 and 4095, inclusive, the value that was originally
present as a 12-bit binary value at the interface device. The complete
software routine is shown in Example 3-3.

Examplc

3€. Program for a l2-Bit lnput Convarrion

l0 A : PEEK(49312)
20 B : PEEK(49313)
30 c:(B*256)+A
40 PRINT C
You could simplify this by placing all of the steps on one line:

r0

PR|NT(PEEK(4e313) d<

256)

+

PEEK(49312)

This simple program will print the decimal equivalent of the lz-bit
binary value that was present at the peripheral or interface device
when the program was run. The program can be used for interfaces
with from 9 to 16 binary outputs, but you must be careful to gtound
the unused bits. You will see another method of "masking," or clearing the bits in the experiments.
Input ports are used to transfer information from external devices
to the computer. This information may represent actual values of
weight, temperature, resistance, etc., or the information may be interpreted as individual binary bits representing the state (on or ofi)
of individual devices, for example, empty/full, ready/busy, etc.
Some typical uses for input ports would include the following:
Transfer of traffc sensor information to the computer
Transfer of digital values from an instrument to the computer
Transfer of status (on-off) bits from a printer to the computer

In interfacing applications, the main requirement for input ports is
that their outtrluts have three states so that they will not cause conflicts on the data bus when they are used.

CHAPTER

Flags and Decisions
In almost all of the previous examples, we have assumed that there
is little synchronization required beiween the computer and the external I/O devices. Thus, output ports have been assumed to always
be ready for more data to be transferred to them. In the case of input
ports, we have assumed that the data values are present and ready
for transfer to the computer, when the computer reaches a PEEK
command in a program. This may not always be the case. We must
often deal with I/O devices that are slower than the computer.

t/o

DEvtcF sYNcHRoNrzATroN

Since not all I/O devices may be ready for the computer at all
times, a means of synchronizing the computer and the I/O devices
is required. The synchronization generally involves the use of signals
that are called flags. These signals are used to indicate that various
devices are busy or not busy, ready or not ready, converting or not
converting, and so on. Thus, "flags" indicate the status of devices, and
they are often called status flags.
For illustrative purposes, we will assume that we are required to
interface a device to an Apple computer. The device will provide
8-bit data values to the computer on an irregular basis. In most cases,
such devices also generate a flag signal that indicates that the device
is ready to transfer its information to the computer. Such a device is
showd in Fig. 4-1. Note that a standard three-state input port has
been used to transfer the information to the computer. The READY
flag presents an interesting problem. How is the computer going to
monitor or check the condition of the READY fag, so that it can
determine when a new data value is ready?

INPUT DEVICE
READY/BUSY

D7

\
DATA BUS

I
RDXYZ

Fig. &1. Simple input device with synchronizing f,eg output.

As we stated previously, there is no rule that limits input ports to
the transfer of actual numeric values. The computer has no way of
knowing that the 8-bit value, 011001002, represents 100, rather than
ffve devices being ofl and three devices being on. Thus, another input port could serve quite well as a way of transferring the status flag
information from the input device to the computer. The other seven
bits at this input port may be unused, or they may be used to indicate
the status of other external devices. In this way, software steps may
be used to check the condition or status of external devices.
When the status of a flag is checked in a computer program, the
computer may be programmed to wait until a flag has changed to a
particular state before going on with the required action, or it may
be programmed to check the flag periodically, going on about other
tasks in the meantime.
There are logic operations in assembly language and in BASIC
that allow us to check the status of individual flags, or bits, in an 8-bit
data word. In this way, the actual logic zero or logic one state of a
fag may be detected, with the computer making a decision based
upon the state of the flag.

LOGICAI OPERATIONS AND

FI.AGS

Probably the most useful operation, where fag detection is concerned, is the logic eNo operation. You should recall that two bits,
A and B, may be "eNoed" together, as shown in Fig. 4-2. The result
indicates that only when both of the bits are logic ones will the result
*A"
be a logic one. Another way to think of this is to treat the
bit as

--'-'u'-r'uLr

DATA

Fig. 4-2. Rcprcscntalion

(
AND

GATE

of logicel AND oporation using DATA and iIASK to
yield REiUtT.

VAI,UE

001 I 1010

0001 1010

11110000

00011111

l"rAsK

00i00000

00100000

00100000

00100000

00000000

00r00000

00000000

MSULT 00100000
Fig.

4€. Example of AND

operari:il:"l}:-

cishr birs of informarion arc

a "mask," and the "8" bit as information or data. When the mask is
azero, the result is a zero. When the mask is a one, the data is passed
through the gate. In this way, selected bits may be masked, while
others are "passed through" the mask. If, for example, we wished to
check the state of bit D5 in the data word 00111010, a mask of
00100000 could be used. The mask is ANDed with the data word, as
shown in Fig. 4-3, for several difierent data words. In all cases, the
logic state of D5 was passed through to bit D5 in the result. All of
the other bits were masked, or set to zero. ln this way, the total result was zero when bit D5 was zero, and the result was nonzero when
bit D5 was a one. This could be used as the basis for decision making
steps in a program. You must remember to convert the masks to their

decimal equivalent before trying to use them in a BASIC program.
In the case of bit D5, the mask would be converted to 32.
FI.AG.DETECTING SOFTWARE

Once an interface has been constructed so that the states of the
various flags may be detected, as shown in Fig. 4-4, software may be
used to make decisions based upon the states of the flags.
In some dialects of BASIC, there are logical operations that will
perform bit-by-bit axo operations, such as the ones shown in Fig.
4-3. In these cases, simple expressions may be used in BASIC proRD 49321

'*,*

l
Fig. 44. Completc inlerfrcc in which rhc Cag

i:

dctcctcd by soflwerc.

Exarnple 4-1. A Logic Zero Uscd

4010 A

:

4020 lF (A AND 32)

4030

.

.

for Control

PEEK(49321)

:

Continue here

0

THEN 200

if flag :

logic one

grams to perform the lvoing operations between two data words
that have values between 0 and 255. Keep in mind that the bhurg
equiaalents are what is actually being aNned. Examples 4-L and 4-2
illustrate how these ervn operations could be used to detect a flag
that is input at bit D5 from an input port, port 49321.
Example &2. A Logic One Flag Used
401

0

4020
4030

A:

rF (A AND 32)

,

for Conrrol

PEEK(49321)

> 0 THEN 2OO
if flag : logic zero

Continue here

In either case, when the proper condition is met, the program
would probably input data from an input port, or perform some other
action that is signaled by the presence of the fag.
Unfortunately, the Apple computer does not use its logical commands in this way. In the Apple, an AND operation allows only the
arvling of two distinct true-or-false conditions, so it is very difficult
to mask eight bits to determine the state on only one. Unless we wish
to spend a great deal of time in a complex BASIC routine, we must
consider the use of an assemblyJanguage subroutine that will perform the logical operations for us rather quickly. Since you can easily
point the Apple to assembly-language routines, this is worth pursuing a bit further. In fact, we will provide you with some simple, easyto-use routines.
ASSEMBTY.TANGUAGE LOGICAI OPERATIONS

The assemblyJanguage instruction set for the 6502 microprocessor
contains an AND and an on operation. Each of these instructions will
operate upon two B-bit bytes, providing a single byte as the result of
the operation. Thus, we must write a short routine that will perform

the operation.
The Apple provides some "spare" read/write memory locations on
memory page 03H, and we have chosen to locate our routines on this
page, since it will make the routines independent of the total memory
size of your computer. A complete listing for the routine is provided
in Table 4-1. Note that both hexadecimal and decimal addresses and
data/instruction values are provided for you. You do not have to be
an expert in assembly language programming to use this routine, but
we have provided some comments so that you can follow the operation of the program, if you wish.
60

foble zl-1. Assembly-Lqnguoge logiG Subroutine
Data Byt.

Address Byte
Hexadecimal

Decimal

0300
030r
0302
0303
0304
0305
0306
0307
0308
0309
030A
0308

768

030c
030D
030E
*Substitute oDH.

769
770
771

772
773
774
775
776
777

Hexadecimal

Decimal

:

;

72

AD

173

o0

0

03

3

2D

ol

45
I

778

03
8D

l4l

779

02

2

780
781

03
68

l04

782

60

96

MASK Byte Goes Here
DATA Byte Goes Here
ANSWER Found Here
PHA Push Reg A
LDA Load Reg A from
MASK location

AND Reg A wirh DATA *

3

STA Store result in
ANSWER location

3

PLA Pull Reg A back
RTS Return io BASIC

or l3 decimal, for an OR operation.

Three read/write memory locations are used for the temporary
of the various data bytes, called MASK, BYTE, and ANSWER. The MASK location is loaded with the mask byte, and the
BYTE location is loaded with the byte that is to be operated on. After
the logical operation has taken place, the ANSWER location contains
the result.
To use this routine, you need to load the MASK information into
address 768, and the DATA byte into address 769. You can use
POKE operations to do this. Once this is done, you simply need to
call the assembly-language subroutine, so that the operation is performed. How do you do this?
Calling an assemblyJanguage subroutine from BASIC is not very
difficult. In the Apple computer, you simply need to put a three-byte
jump instruction in three successive locations, addresses I0, ll, and
12, or 0A, 0B, and 0C, in hexadecimal notation. Since our routine
starts at address 771, or 0303H, you need to put the following information in these three locations: a 76 in address 10, a 3 in address 11,
and a 3 in address 12. Once you have loaded this address information
into these three locations, you can access the assembly-language subroutine with a USR function. In this case, you need to ffrst load the
MASK and BYTE information, and then use the USR function. This
is shown in Example 4-3.
In this case, the value 32 is the mask byte, and 129 is the value that
is to be eNned with it. The Q is a "dummy" variable that is required
for the use of the USR function, and the value 5 is a "dummy" value
that has no efiect on the subroutine. You can use any variable for Q,
storage

Examplc

1590
1594

4€. Galling lhe Logical Operation Subroutine

POKE 768,32: POKE 769,129

a:

USR(s)

as long as you don't use it elsewhere, and you may substitute any
value for the 5, say 0.
Once you have called the assembly-language subroutine, you will
ffnd the result in location 770, anda PEEK operation may be used to
get at it. The program shown in Example 4-4 shows the complete use
of the subroutine. We have assumed that the subroutine has been
loaded, probably through the use of the monitor. In this example, the
three-byte jump instruction is loaded by using POKE operations.
Exarnple 4-{. Using the Logic Operalion Subroutine

2030

POKE t0,76: POKE

ll,3:

POKE 12,3

2O4O POKE 768,32; POKE 769,PEEK(49321)

2050 Q : USR(7)
2060 rF PEEK(770) > 0
2A7O

.. .

THEN 3460
Continue here if flag =

I

In this example, the data to be used in the logical operation is obtained from an input port by using a PEEK command and the address for the device.
You can also perform an oR operation with the same subroutine,
simply by changing the operation code ( op-code ) for the AND operation from a2DH to a ODH. Again, a POKE operation can do this just
before you use the subroutine. Thus, the subroutine provided in
Table 4-1 can be used for both logical operations.
You should be able to load the subroutine into the read/write
memory by using the monitor for the Apple. We refer you to the
AWb ll Reference Marrual for information about the monitor. You
could also use 12 POKE commands to load the program steps, but
this invites errors.
It is unfortunate that you must resort to assembly language to perform the logical operations that are readily available in other BASIC
dialects. However, the assembly-language program is fairly simple,
and it has provided a simple example of the use of such programs,
and how they can be called from a BASIC program. If you are not
an assembly-language programmer, perhaps this has whetted your
appetite.
COMPTEX FTAGS

At this point, you may be asking, if the fag on the input device
shown in Fig. 4-4 is used to indicate the availability of an 8-bit value,
how does the device know when the computer has input, or ac62

RD 49321

READY/BUSY

D7

Fig. 4.5. Complete Cag circuil in

*{rich flag is cleared by computergenerated pulse.

cepted, the value that it has made available? In some cases, a signal
from the computer to the I/O device is used to indicate that the flag
has been detected, and that the necessary action has taken place.
This signal "clears" the flag. The fag-clearing action may bJ performed by a separate signal. The same signal that controls the input
port for the data may perform the fag-clearing action. This is shown
in Fig. 4-5, and a simple timing diagram is shown in Fig. 4-6.
READY/BUSY FLAG

RD4932t

RD49320

Fig.

416. Flag

riming diagram.

When the flag is placed in the logic one state, this indicates that
the device is ready to transfer a byte to the computer. The RD 49321
pulse represents the transfer of the fag status information to the
computer. When the computer tests the fag and ffnds that it is a
logic one, it executes the steps that actually transfer the data from
the device to the computer. The RD 49320 pulse is used here to enable the three-state bufiers at the correct time. This pulse is also used
to clear the internal flag circuit of the device.
The second RD 49321 pulse again reads the status of the flag, but
since the flag is now a logic zero, the computer takes no further action. The third time that the flag is tested, however, the flag is a logic
one, and the data is transferred to the computer and the flag is
cleared. A simple set of program steps that can be used to control the
interface is provided in Example 4-5.We have assumed that the logi-

cal

AND subroutine has been loaded, along

with the

three-byte

pointer.
Example 4-5. A Simple Flag festing Progrem

1050 POKE 768,32t POKE 769,PEEK(49321)
1060 Q : UsR(o)
1070 lF PEEK(770) : 0 THEN 50

lo80 D : PEEK(49320)
1090 . . Continue here after data input

Typical devices that use flags in this way are keyboards, floppy
disks, analog-to-digital converters, and other devices that may provide data bytes at irregular periods.

FLAG CIRCUITS

In some cases, devices may not have the necessary fag circuits
within them for easy flag control, or they may not generate logic

levels that are stable for relatively "long" periods so that they can be
properly detected by the computer. In these cases, the "flag'may be
a very short pulse. In fact, some fag pulses are too short to be detected by the computer, if they are simply input by means of a threestate input port.
In cases such as this, it is necessary to design a circuit that will
"capture" the flag pulse so that it may be detected by the computer
sometime later. Even if the computer can test a flag bit every few
milliseconds, it will frequently "miss" short pulses of a few microseconds duration.
Flip-flop or latch circuits are generally used to remember the presence of fag pulses. Typical flip-flop devices are the SN7474 D-type
fip-fop, and the SN7476 ]-K flip-fop. Most introductory digital electronics books provide a good coverage of flip-flop devices if you need
to review their operation.
A typical flip-flop-based fag circuit is shown in Fig. 4-7. In this
circuit, the input device generates a READY pulse that clnclcs the
fip-flop, transferring the logic level from the D input to the Q output. The Q output is detected by the computer through the use of an
input port that is separate from the input port that is used for the
transfer of the eight data bits. The status of the fag bit is easily
tested by the computer, as has been described. Once the necessary
action has taken place, in this case, the input of data from the input
device, the flag flip-flop is cleared. A logic zero pulse, CLEAR, applied to the clear input of the fip-flop serves this purpose. While the
RD 49360 pulse used to control the S-bit input port could be used to
clear the fip-flop, we have shown a separate clear signal, so that the
timing ielationships can be shown, as in Fig. 4-8.

u

INPUT PORT

INPUT DEVICE

tig.4-7. Flip.f,op circuit used for delection of frag puke.

In the timing diagram, the READY pulse sets the flip-fop, so that
its Q output is a logic one. This is detected when the status flag information is input from port 49361. The logic one state of the flag
causes the software to perform the steps that input the data byte and

then clear the fag. The separate CLEAR signal could be generated
by a POKE command, and appropriate circuitry, although the use
of the readily available RD 49360 pulse is probably easier.
OEVICE

READY

fLA6

OUTPUT (A)

FLAG

TEST (IN 25)

oaTA

ltrt (tN

20)

CLEAR

Fig. 4-8. Flsg

f,ip'fop tirning diagrarn.

In this example, the fag was tested twice while it was in the logic
zero state. Since this indicated that no new data was ready, no input
transfers or fag clears were initiated.
Several expeiiments at the end of this book involve the use of fags.

MULTIPTE FTAGS

Many systems have a number of flags that must be checked on a
regulai basis. In some cases, a priority must be established, since
soire devices are more important, or require faster attention, than do
others. The priority is easily set in the program, since the order in
which the various bits are tested determines which deyices are "serviced" before others. The program steps shown in Example 4-6 will
check several flag bits in sequence, from bit D7 to bit D5, providing
a priority in the order in which the corresponding devices would be
serviced by the computer.
In this example, the flag for bit D7 was detected when it was a
logic one, while the other two flags were detected when they were
lo"grc zero. Other bit-sensing steps may be added for other fags, and
the order in which the bits are tested may be changed at any time,
simply by changing the program to refect the new order. Note that
the data-involved in the ewo operation is not changed, and it only
needs to be input from the input port at the start of the sequence of
instructions.
Example 4-5. Flag Priority Soflwate StePs

3OO POKE 769,PEEK(54098):POKE 768,1282 a:USR(0)
305 lF PEEK(770) > 0 THEN l05O

310

POKE 768,64:Q:USR(0)

32O

POKE 768,32:Q:USR(O)

315 lF PEEK(770) = 0 THEN 20
325 lF PEEK(770) : 0 THEN l0l0
330 . . And so on for other bits
INTER.RUPTS

some cases, it is necessary for an I/O device to be serviced as
it is ready. It may not be able to wait the many millise-conds,
or even longer periods, that the computer may require to check flags
and make deciiions based upon them. Almost all computers have at

In

soon as

least one interrupt input tliat allows you to "demand" immediate
servicing from the computer, irrespective of what it is doing' The
6502 processor chip used in the Apple computer has two interrupt
inputi; an interrupi request input (IRQ), and a nonmaskable interruipt input (NMI). Th; IRQ input is sensitive to,a- logic- zero, while
th; NMI input is edge sensitioe,beitg triggered by a logic one to
logic zero tiansition. These inputs are not used within the basic
Aiple computer. However, they are readily available_ at the internal
intirface connectors, and they may be used by add-on peripheral
devices and interfaces.
If a device is going to require extremely fast servicing, fast enough
to require the uie of an interrupt, it goes without saying that assem65

blyJanguage programming will also be required. Since this is beyond the scope of this book, we refer you to Programming b lnterIacing the 6ffi2, With Experimpnts and 6502 Softuare Desi,gn,
Howard W. Sams & Co., Inc., Indianapolis, IN 46268. Both books
discuss the use of interrupts in detail, providing examples and assemblyJanguage programs for the control of interrupts.
The Apple interrupts IRQ and NMI use speciffc memory locations
from which the 6502 processor "fetches" the address of the subroutine that is to be used as the service routine for each interrupt. The
IRQ uses locations FFFEH and FFFFH, and the NMI uses locations
FFFAH and FFFBH. Since these locations are actually within the
read-only memory chips that contain the BASIC interpreter and the
monitor, the addresses in these four locations are ffxed and you cannot change them. However, these ftxed addresses are simply used to
point to other locations in read/write memory where you can actually change the pointers for the intermpt service subroutines. We
refer you to the Apple II Refererwe Memnl for the details of how to
use these "vector" locations.
FINAT WORDS

A few ftnal words are necessary before you leave this chapter, We
have chosen to introduce you to a simple assembly-language subroutine for performing the logical AND or on manipulation on two B-bit
bytes, along with the use of the assembly-language subroutine calling operation, USR. Actually, the Apple computer has a flag-checking command in its instruction set: WAIT. This instruction can be
used to check individual flags, or groups of flags, and it can detect
logic one and logic zero flags, too. However, there is a limitation to
its use. If the proper flag pattern is not detected, then there is no way
for you to ever leave the flag-checking operation, and you must reset

the computer to get back control. Likewise, you cannot decide to
branch to one portion of a program if the flag or fags are set, and to
branch in another direction if they are not set, If the WAIT command is used, you will simply continue to WAIT until the condition
is met. This is fairly inflexible, and we have chosen to avoid the use
of the WAIT command for this purpose.
We have introduced you to the USR command for calling assemblyJanguage subroutines, and if you expand your horizons and continue to learn more about assemblyJanguage programming, you will
ffnd that this instruction is quite valuable. However, if you simply
want to access an assembly-language subroutine, such as the logical
eNo subroutine, you can use the CALL command, followed by the
decimal address of the start of the subroutine. A CALL 77L operation can be used to call the logical eNo subroutine. Of course, you

fl
l

must POKE the MASK and DATA bytes before you call the subrou-

tine.
The obiect here has been to show you a bit more of the power of
the Apple computer bnd how it can'handle different tasks. The easy
path isnt often the most interesting or educctional

CHAPTER

Breadboarding
With the Apple
It has always been our philosophy that computers should be easy
to use, both for program development and for hardware or interface
development. Since the necessary signals for interfacing most computers are readily available. somewhere in the computer system, it
was decided to develop some general-purpose interface circuits that
could be used with a number of difierent computers. These circuits
are fairly simple and are easily constructed and adapted to many
computers besides the Apple. A printed circuit was developed containing all of the necessary circuits for interfacing purposes. A photograph of the interface is shown in Fig. 5-1. A standard 40-conductor
fat cable is used to connect the interface breadboard to various computers. While the interfacing circuits could have been breadboarded
and then used for the experiments, it was thought that this would
only provide additional points at which problems could surface.
BASIC BREADBOARD
The basic breadboard contains a number of useful circuits that allow interface designs to be easily set up and tested. The basic sections are Power Supply, Logic Probe, Device and Memory Decoders,
Bus Buffers, and Control Circuitry.
Power Supply

The power supply section of the breadboard may be operated in
*5-volt power supply may be used, as

one of two ways. An external

Fig.5-1. Applc brcedboerd 3y3tem.

long as it can supply I ampere of current, or an external transformer
may be used to supply 12.6 volts (ac ) to the on-board power supply
circuits. In either case, the breadboard power supply is separate
from the computer power supply. A separate power supply is often
used because some computer systems cannot supply sufficient power
for their own circuits and the added interface circuits that you may
wish to test. Whenever an external power supply is used, Aou fiu.rst
be sure that there is a good, Lou;-resistance cotrunon ground. connecti,on betu:een both poaer supplies. A power supply schematic is
shown in Fig. 5-2.

If the on-board power supply is to be used, the 12.6-V ac transformer is connected to pins I and 2 on plug number 1 (Pf ); the rectiffer diodes, DI-D4, the fflter capacitor, Cl, and the voltage regulator, VR, are all installed. We suggest that a small heat sink be used
with the *5-volt regulator. When the breadboard is used in this
manner, *5 volts are available at pin 5, and ground is available at
pin 6, on PI. These connections may be used for external devices, if
required.
If a separate *5-volt power supply is to be used, the power supply
parts Dl-D4, Cl, and VR are not needed and should be removed or
not installed. The *S-volt and ground connections are made at pins
5 and 6, respectively, at Pl.
Since other voltages are often required, such as +I2 or ilS volts,
provision has been made at PI to connect additional external power
70

+5

tN

AC

IN

AC

IN

6ROUN D

+v

lN

-v

tN

Fig. 5-2. Breadboard power'supply circuil schematic.

supplies. The positive voltage, *V, and negative voltage, -V, are
connected to pins 4 and 3, respectively, at Pl.
All of the voltages are available at the socket at position IC-16.
The available connections are shown in Table 5-1.
Tqble 5-1. Power Supply Connections for the Power Socket, lG-!6
Pin"
7,10
5,12
3,14
I ,16

Voltage Available

+5
GND

*V
-V

(External)
(External)

*All other pins are unconnected.

Power for the integrated circuits on the printed-circuit board has
been derived from the *S-volt power supply. The connections at
IC-16 (socket) provide a means of easily obtaining power for the
experiments.

logic Probe
The logic probe circuit, Fig. 5-3, is useful in determining the logic
state of virious outputs, and also for detecting pulse activity at outputs. The logic-proLe section of the breadboard contains a level detector and a pulse detector circuit. An LM-319 (IC-15) comparator
has been usea to detect the logic one and logic zero levels, while an
SN74LSI23 (IC-14) has been used to detect and "stretch" pulses'
We have used a green light-emitting diode (LED ) for the logic zero
indicator ( D-7 ) ,; red LED for the logic one indicator ( D -6 ) and a
yellow len for the pulse indicator (D-5).The input to the pr9b9
L available at pins 1-4 at IC socket IC-19. These inputs are marked

?." All of thesl inputs are in parallel, and any one may be used, but
do no!,try and connect the logic probe to two signais at the same
time. The logic probe should be thought of as twolow-power Schottky (LS) input loads.
+5
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3900

R6
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N

LM-

3t9N
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Fig. 5-3. logic probe circuit schemaric.

If you ]rave an external logic probe, the circuitry in this section
may not be needed. If you wish, you do not have to construct this
portion of the circuit. In any case, it will be useful to be able to detect
pulses and also to be able to detect the state of pulses, ets. We have
found the Iogic probe to be very useful in troubleshooting breadboarded interface circuits.
Memory and Device Decoders

A maior portion of the circuitry on the breadboard is devoted to
address decoding, as shown in Fig. 5-4. The decoders can be
operated in either a device mode or a memory mode, depending
upon the type of computer in use. In device addiessing, only the LO
add-ressbits (17-A0) are decoded, while in memory addressing all
of the address bits (Af5-A0) are decoded. The Appie computeiuses
TeTgII_ addressing to identify I/O devices, since it is based upon
t_!e-,0SOZ microprocessor chip. Likewise, computers based upon^the
6800 microprocessor also use memory addressing. Computeis built
around the 8080, 8085, and Z-80 family of chips can use either type

I/O
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Fig. 5.4. Address decoder circuit schematic.
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of addressing. As you look over the schematic in Fig. 5-4, you should
recognize that the address decoding uses a combination of digital
comparators and decoders.
In the device addressing mode, an SN74LS85 4-bit comparator
(IC-5) is used to compare preset address bits to the address bits
present on the LO address bus lines A7-A4. The switches at IC-6 are
used to preset the logic levels that will be compared with the address
bus. The package at IC-6 is a set of dual-inline switches, so care is
required in making the switch settings. The switch positions are
*LO." If
clearly marked, "7:' "6:' "5," and "4" at the switch marked
you are installing the switch, be sure that the open or off position is
to the right (logic one position). Pull-up resistors atIC-7 provide the
logic one inputs to the SN74LS85 when the switches are open, or in
the logic one position.
When an address match occurs between the preset bits and address bits A7-A4, the SN74t54 decoder (IC-12) is enabled. Although
the SN74t54 decoder has the ability to decode address bits A3-A0
into 16 unique address outputs, only the ffrst 8 have been used,
more than enough for breadboarding and interface testing.
Thus, if the address switches for bits 7-4 are set to 1011, the decoder would decode addresses 10110000, through 10ll0lll2, or addresses 176 through 183, decimal. For device addressing, the lowest
switch at IC-6 must be "open" or in the "D" position. This places the
decoder in the correct mode.
The decoded-address outputs are present at the IC-20 socket. They
*L,"
and so on, through "7." The entire section is
are labeled "0,"
called'ADDRESS." Note that there is a bar over the address numbers to indicate that the unique output state is a logic zero pulse.
The address notation, zero through seven, is a sequential addressing
that will help you in determining which pins are connected to the
device address outputs. In most cases, the rrumbers rpill haoe no relationship to the actual addresse,s th,at lwoe been d.ecoded. In the addressing example cited previously, in whieh addresses 176 through
lB3 were decoded, the output labeled "0" would correspond to the
decoded address of 176. Table 5-2 details the decoder outputs that
are available at the address socket, IC-20.
Memory addresses are also easy to decode on the interface breadbsard. Two additional comparator chips, IC-S and lC-4, are used to
compare address-bus lines A15-A8 with a preset HI address. The HI
address bits are set at the eight-switch dual-in-line package of
switches labeled HI, at IC-2. When using memory addressing, you
must be careful not to try and select addresses that have been assigned to the internal Apple memory (ROM or R/W). You must also
remember to convert the complete 16-bit address into the equivalent
decimal value for use in PEEK and POKE instructions.
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In the memory address mode, you must place the lowest switch at
in the "closed" or in the "M" position. This allows the SN74154

IC{

decoder to be activated only when there is a match between address
bits A15-A8 and the bits preset at the HI dip-switch and, a match
between address bits A7-A4 and the bits preset at the LO dip-switch.
Thus, addresses between XXXXXXXX XXXX0000 and XXXXXXXX
XXXX0111 are accessible, where X=l or 0. These decoded addresses
are present as logic zero pulses at the 'ADDRESS" socket (IC-20).
Remember that only the ffrst eight addresses in a selected 16-address
block are available. Thus, if 10000001 is set for the HI address and
1lI0 is set for the LO address ( bits A7-A4 ) , addresses 33248 through
33256 would generate logic zero pulses at pins I through 8 at the
'ADDRESS" socket, respectively. Keep in mind that the SN74154
decoder decodes all 16 addresses; you only have access to the "lower"
eight.
fable 5-2. Address-Decoder Conneclions for lhe Address Sockef,
Pin (lC-20)

Designation

9N74154 Clulpul Pin

t,l6

0

I

2,15
3,14
4,13
5,12

I

2
3
4
5

2
3
A

lC-2O

6,1 I

5

7,10

6

6
7

8,9

7

8

Connections for address-bus lines A3-A0 (unbuffered) are available on the breadboard at pins B-5, respectively, on the socket at
IC-19. These signals may be used in some experiments, but caution
is required, since these signals are not bufiered, and present a direct
connection to the Apple computer.
The address decoder section of the breadboard will save you a
great deal of time and efiort, because you will not have to construct
device address decoder circuits when you wish to implement I/O
ports, or try some simple interface circuits.
Bus Bufrers

Two 8216 noninverting bus buffer chips, IC-10 and IC-11, have
been used to buffer the bus, as shown in Fig. 5-5. This means that the
bus is available with a full fan-out of 30 ( it can power 30 standard
7400-type inputs) and that it is isolated from the Apple data bus.
The eight bits on the data bus are available at the socket at IC-18.
The information in Table 5-3 shows the connections to the data
bus.

30
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D2
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D3
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D5

18

D4
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24

D6

20

07

P2

D6
D7

PINS

Fig. 5.5. Bus buffer circuit schemalic.

The bus bufiers are always enabled, and the normal mode of operation is for the transfer of data from tfu Apple to the breadboo.rd.
This means that without additional signal use, you could monitor the
bus "activity" by connecting logic probes or other suitable monitors
to the outputs of the bus buffer chips, D7-D0. Output ports are implemented by simply using the proper control signals (described in
the next section ) to control an 8-bit latch. The eight latch inputs are
connected to D7-D0 at the socket IC-18.
Input ports, however, must be implemented so that they turn the
bus buffers in the opposite'direction to'drive" data into the Apple.
Actually, there are two bus bufiers for each bus line, as shown in the
pin conffguration shown in Fig. 5-6 for the 8216 buffer. The DIEN
input determines which set of bufiers is enabled, thus directing data
to, or from, the Apple. All input operations must activate the proper
loble 5-3. Dotq

Bus Connections

or lC-!8

Pin (lG.l8)

Data Bus Signal

l,l6

I

D7
D6
D5
D1
D3
D2

7,to

DI

8,9

DO

2,15

3,r1
4,13
5,12
6,1

PIN CONFIGURATION
1

LOGIC DIAGRAM

16

215
314

4 a2i6t
5 8226 .rz
t

11

7

10

89
PlN NAMES

DBo-DB3

DATA 8US
AI-DIRECTIONAT

Dt--Dt.

DATA INPUT

DOo.DO,

DATA OUTPUT

OI EN

6

DATA IN ENABLE
DIRECTION CONTROL
CHIP SELECT

Fig.5{.

The 8216 bus buffer chip pin conftguration.

set of buffers so that the Apple receives the data properly. Special
control circuitry has been provided to do this for input operations.
Control Circuitry
The control circuitry on the breadboard is rather simple, consisting
mainly of some general-purpose bufiers to bufier control signals output by the compulgr. Six signals are provided, IIi, FD, ffi1'WR,
RES-ET, and INTAIK. For Apple interfacing, you will only be concerned with the WR, m, and RES-ff signals. The other signals are
useful when the breadboard is used with other computers. This control circuitry is shown in Fig. 5-7. The general-purpose interrupt signal is also buffered, but it is an input to the computer. Connections
to the control signals are made at the socket at IC-17, as noted in
Table 5-4.
The control circuitry also generates a signal that switches the 8216
bus buffers into the input mode, so that data may be transferred into
the Apple. It would seem to be merely a matter of turning the bus
around whenever a memory read operation took place. If this were
implemented, the bus bufiers on the breadboard would be placed in
the input mode, even when a memory chip was activated within the
Apple. This would cause a bus "conflict," so the bus on the breadboard must be placed in the input mode only when an input device
on the breadboard itself has been selected.

To handle input ports properly, the input port device select signal
is used to gate data onto the data bus and also to control the mode
of the 8216 bus buffers. In efiect, up to four input port device select
pulses may be ORed together to place the breadboard bus bufiers in
the input mode. You will probably not use more than four input ports
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Fig. 5-7. Control circuit schematic.

on tle breadboard. Thus, these signals turn the bus around for the
input of data only when an input port device select signal is generated on the breadboard, and it is wired by the user to one of the four
bus bufier enable inputs.
The "INPUT REQUEST" control pulses are required to be logic
zero pulses. They are applied to the pins labeled \.V, X, Y, and Z,
which are pins 16 through 13 on the socket at IC-17.
lqble 5-4. Gontrol Signol

Gonnections

Pin (lC-l7l

Control Signal

I

INT

2
3

4
5
6
7
8

Nor

Used

iNF
RD

oTi
WF'

ffir
iF

ot tC-|7
Direction

ltI
Output
Output
Output
Output
Output
Output

The actual ORing of these control signals is performed by the
SN74LS20 gate, IC-8. The INPUT REQUEST rjgq"l thatis outltut
this
by this 4-input NAND gate is further gated with ffiT and
-WR.
circuits
gating provides a safety interlock, so that if your breadboard
have been improperly wired, the bus drivers cannot be placed in the
input mode when an output-type operatign.is taking place. The re*INPUT

REQUEST, BUT NOT OUT OR WR" signal consultant
trols the input/output mode of the 8216 bus buffers.
Since thJApple generates only the memory write signal, WF, this
simply means that your interface will not be able to turn the bus
around for an input operation, when the computer is performing a
write operation. The 6TT signal is used for interfacing with 8080,
8085, or Z-80 computers.
Two input ports are shown in Fig. 5-8. Each of these ports is controlled by a device select pulse that enables the three-state buffers.
This same signal is used as the input request signal, INP REQ, and
each input port must generate its own input request signal. In this
example, the two input request signals have been connected to the
W and Z pins at the INP REQ section of the socket at IC-17. It
would have been just as easy to connect the lines to the X and Y pins.
The use of the interlocking INPUT REQUEST signal, and the associated circuitry only applies to testing interface circuits on the
breadboard. If you wish to construct an interface that will directly
plug into the Apple, and that will not use bidirectional bus buffering,
then you will not need to use such an interlock. The main purpose of
this circuitry is to protect your Apple computer from possible damCONNECTIONS TO INPUT REQUEST

T0

'w'

r0 "2"

DATA BUS

R

rD-Dn

Fig. 5-8. Typical inpur pods showing use of INPUI REQUEST signal.

Fig. 5-9. Wirc-wrap ver:ion of the intcrfacc circoit.

age caused by careless or inconect wiring of a test circuit. Once a
circuit has been completely tested and debugged, you can probably
connect it directly to the data bus of the Appl-e'without any problem.
Breadboard Consiruction

The breadboard circuits may be constructed using wire-wrap techniques, as shown in Fig. 5-9. In this case, the circuits could be expanded and modiffed through simple wiring changes, but the breadboard itself would be somewhat difficult to use.
To aid in interface construction and testing, a printed circuit has
been developed in which all of the trecessiry iircuitry has been
placed on a single board. The power supply and logic probe circuitry
have been incorporated to make the breadboard easy to use. The
breadboard is shown in Fig. 5-10, and is available in kit or assembled
form from Group Technology, P.O. Box B7B, Check,VA 24072. A
large space has been left unused on the breadboard so that a solderless breadboard socket may be mounted directly on the printed-circuit board for easy experimentation. Typical breadboard sockets are
the "SK-10" from E & L Instruments, Derby CT 06418 and the "Super
Strip" from AP Products, Inc., Mentor, OH 44ffi0. A complete list of
parts needed for the breadboard, along with the printed-circuit board
artwork is provided in the Appendix.
CONNECTIONS TO THE APPTE
Since the interface breadboard uses a 40-conductor cable to connect to various computers, you will need a means of connecting the
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Fig. 5-tO. Packaged version of the interface.

cable to one of the peripheral interface slots in the Apple. We recommend the use of a fat cable assembly such as shown in Fig' 5-I1.
There is a printed circuit female edge connector assembly on one end
of the cable, and a O.l-inch by O.I-inch female pin grid connector
on the other. The openings on both connectors must face in the same
direction. A ready made cable is available from Group Technology,
BG-I00-Cable, which uses a two-foot length of flat cable'
The actual connections with the Apple bus signals are made with
a small adapter card. This card "twists" and'turns" the various signals so that they are routed from the edge connector to the peripheral connector in the Apple. You can easily put together an adapter
by using a Vector 4609 prototype card. This card plugs into one of
::
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Fig, 5-l 2. Apple-to-inlerf ace

the peripheral connectors in the Apple, and it has a 40-conductor
edge connector that will connect directly to the interface cable. Of
course, if you wish, you may make direct solder connections to the
cable, but we do not recommend this. You can make direct soldered
connections between the corresponding signal conductors on each
edge connector by using short pieces of hookup wire. If you do not
wish to make soldered connections, vou can solder wire-wrap pins
into the holes provided at each edge connector, making the connections using wire-wrap wire.
The connections are shown in Fig. 5-f2. If you choose to use the
Vector prototype card, there are several important things that you
must do before you start to make the connections between the two
edge connectors, no matter which wiring technique you choose to
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*foil runs," or conductor paths bitween-the 40-conductor connector and the *S-volt
and ground contact pins on the 50-conductor Apple connector. All
such-connections must be broken, so that the 40-conductor connector
nftee,and uncommitted to any signals. You can use a
contacts are
srnall razor knife to cut these connectors. We recommend making
two cuts through each conductor, about 2 or 3 millimeters apart. A
soldering iron can then be used to "lift" the cutout section pV heating it. Y6u should do this to only the power connections which are
connected between the two connectors. All of the other pins are

use. There are probably one or two printed circuit

tTee.

Since the Vector prototype board does not use plated-through
*5 volts and ground to the respective

holes, be sure that you connect

power buses, and that the proper connections are made to the
SN7400 chip.
Thd SN7400 chip is used to gate the read/write (R/W) signal with
the main clock signal of the 6502 processor, Ol. This gating lenerates

the memory read signal, RD, and the memory writJ signal, WR. tf
this gating is not done, the computer peripherals on the interface
breadboard will not work properly. In some computers, there are
separate read and write signals. If you wish to use separate read and
write signals for memory control in the Apple and other computer
systems that are base4 on the 6502 microprocessor chip, you hust
generate them through the proper gating.

II{TERFACE
VECTOR

c0t{}tEcT0R

4609 CARD

50

I
49

27 26

Fig. 5-13. Vector rt609 card conlacls and inlerface conlact arrangcmenb.

The pin locations for the Vector card edge connectors are shown
{ig. 5-13. Please note that this ffgure shows the cornporwnt sidz
of the card. Once you have made t[e needed connections between
the two edge connectors, and between the connectors and the
S-N400, we'suggest that you use an ohmmeter or other continuitychecking instrument, to be sure that there are no short circuits bbtween adjacent and opposite pins, and that the correct connections
have been made. These tests should be made with the SN7400 chip
9ut of its socket. However, don't forget to plug it back in after you
have tested the connections!
in-

OTHER CONSIDEMTIONS

If you wish to try and interface some of the 6502 family interface
chips, and even some of the nonfamily chips, you will ffndthat these
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chips have rather slow access times when compared to the standard
three-state input chips, such as the SN74365 and the SN74LS244.
Acrcess times for these large, programmable chips can be as long as
![0 ns. Since the read/write timing for the 6502 chip is fairly critical,
there will not be sufficient time for the data from these chips to be
acrcessed and placed on the bus if the extra delay caused by the 8216
bus buffer chips and the interlocking circuits is taken into account.
therefore, if you wish to use the breadboard to test interface circuits
that use complex, programmable interface chips, you will need to
-defeat" the interlock. You can do this rather simply by removing the
two 8216 bus bufier chips and by using short jumper wires at each
socket to connect the Apple data bus signals to the interface data bus
Iines. For example, you would need a iumper between pins 5 and 6,
pins 2 and 3, pins 14 and 13, and pins 9 and 10 on each socket. We
refer you to Fig. 5-5 for the circuit that uses the 8216 bus bufier chips.
A word of caution is in order, however. By removing the bus buffer chips, you are connecting your interface circuits directly onto the
Apple data bus. Please use extreme caution when doing this so that
you do not cause any short circuits or bus conflicts in the Apple. We
have provided a simple interface example in Chapter 7 in which the
direct bus interfacing is used.

CHAPTER

Apple lnterface
Experiments
The purpose of the experiments in this section is to provide you
with some hands-on experience in the use of latched output port and
three-state input port circuits that were developed in lhe previous
chapters. You will ffnd that these experiments use simple SNZaOOseries devices to transfer data to and from the Apple.
INTRODUCTION TO THE EXPERIMENTS

Breadboarding of circuits will be required in this chapter, and a
complete list of parts ,that will be used is provided in Appendix B.
We have assumed that you have had some experience in bieadboard-

ing simple logic circuits, and that you are familiar with the basic
breadboarding skills. Some auxiliary functions will be required in
the experiments to both monitor logic states and to generate them.
In general, we use lamp monitors or LEDs to indicate logic one (on)
and logic zero (ofi), logic switches to generate logic levels, and deb-ounced pulsers, or pulsers for short, to generate logic levels with
clean noise-free transitions between the logic levels. Some simple
schematic diagrams of these types of circu]ts are provided in t-he
fpne_t di*. If you do not wish to build these circuits, they can be

breadboarded separately, or similar functions can be purchased from
companies such as E & L Instruments, Derby, CT 0O4lB or PACqory, Redmond, WA 98052. In general, most of the experiments in
this book can be done with a few simple circuits.
We have provided one experiment that illustrates the use of a
decoder circuit for device addressing. While many decoder schemes
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are possible, we think that one experiment should illustuate the basic
principles. If you are interested in other decoder circuits, there are
many different ones described in B0B5A Coo'kbook, and Program-

ming d,r lnterfacing the 6502, Wi.th Erperi.ments (Howard W. Sams
& Co., Inc., Indianapolis, IN 46268). Actually, memory and I/O device addressing is pretty much the same, from one computer to the
next. In most interface circuits, the decoder circuit that is used on
the interface breadboard will work quite well.
While this book tackles Apple interfacing at a fairly low level,
trere are other important interfacing topics that you might wish to
ttudy. Many of these are covered in TRS-B@ lnterfoci.ng, Book 2
(Howard W. Sams & Co., Inc., Indianapolis, IN 46268). The information presented is fairly general, and it is easily applied to Apple
computer systems. Topics covered include: high-current, high-voltage load driving, digital-to-analog and analog-to-digital converters,

practical data processing (smoothing, filtering, averaging, etc.),
serial communications, and remote control.
The photograph in Fig. 6-1 shows a typical Apple-breadboard laboratory station that is used in performing the experiments in this
chapter. A 40-conductor cable has been used to connect the breadboard and the Apple computer-Fig. 6-2. This cable has been described in Chapter 5. When you connect the interface breadboard
to the Apple, be sure that the cable is oriented properly. The cable
must point atnag from the com"ponent sid,e of the card used to conrwct the i,nterfam to the Apple.At the interface-breadboard end of

iii{ra;iiHa$ffiffits--S*f;.'r!:ili:ii:ii
Fig.6-1. Apple computer and breadboard in experimenlal use.
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Fig. 6-2. lntcrfacc cablc. (l{ore corn.ctor oricntation on 3.m. ride

of f,af

cable.}

the cable, the cable must be pushed onto the 40 pins so that the cable
is pointed either down or away from the printed-circuit board. If the
cable is connected improperly, the Apple will respond with a screen

full of random

characters rather than the APPLE II banner, when
seem to cause any permanent dama-ge to the Apple or to the interface as long as they are not connected
this way for too long.
Some extrleriments will build on> or use, the circuits or programs
_
dev-eloped in previous experiments. Please do not turn ofi the power
t_o the computer, and do not disconnect circuits until you ut" told to
do so, oth-erwise, you will spend a great deal of time reloading programs and reconstructing interface circuits. There will be a remit der
at the end of some of the experiments just so that you don't forget

it is ffrst turned on. This does not

this tip.
Most readers will probably perform the experiments in sequence,
so there will not be too much dificulty in referring back to pievious
experiments for the details of the interface circuits. Howeveq if you
choose to skip over some experiments you may ffnd this a bit coniusi_ng. To_help everyone with the interface circuits, we have reproduced the important input port, outtrlut port, and control circuits in
Fig.6-27 at the end of this clwpter. You can make a photocopy of
this figure, or you may remove it from the book so tf,at it wili be
nearby when you need it. The basic circuits shown in this figure are
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used in most of the experiments unless otherwise noted, and you can
use these circuits to build general-purpose input and output ports as
you need them.
If you are an instructor planning to use this book as the basis for

laboratory experiments with the Apple, you will find that the programs are easily loaded onto cassettes. In this way the programs are
readily available for the students, who do not have to spend their
time trying to debug programs. If you choose to use cassettes, you
should use high quality tape, and once the programs have been recorded on the tape, the "write protect" tab on the back edge of the
cassette should be removed. This will prevent students from accidentally recording programs over those already on tape.
Students may find it valuable to maintain cassettes of their own,
so that their lab solutions and other programs are readily available,
either for exchange with other students or lab groups, or for reference during the next lab period.
The experiments in this chapter have been divided into two
groups, although no division, chapter subheading, or other note
marks the sections. The ffrst ll experiments provide a basic set of interfacing and programming investigations for readers who are interested in basic interfacing concepts. These ffrst exlperiments provide
a basis for the laboratory portion of a ffrst course in computer interfacing and computer electronics.
The last few experiments provide additional lab investigations into
more advanced topics, and they also provide projects that may be
used to supplement the basic set of experiments. Of course, all of the
extrleriments may be done, too.
EXPERIMENT

NO. I

USE OF THE TOGIC PROBE
Purpose

The purpose of this experiment is to show you how the logic probe
circuit on the breadboard may be used to detect logic levels and
pulses.
Discussion

We have assumed that you are using the breadboard logic probe,
although other logic-probe circuits will work equally well. The steps
in this experiment are useful in helping you to become familiar with
the breadboard and the signals available.
Step I

Your Apple computer should be connected to its video monitor
and also to the interface breadboard through the 40-conductor cable.

This connection has been described in the introduction,to the experiments.

Turn on the power to the Apple and to the breadboard. The computer should print "APPLE II" and the flashing square cursor should
be seen. If this is not the case, turn ofi the power and check your connections. Be sure that the 40-conductor cable is securely pushed onto
the pins at the interface breadboard and onto the edge of the board
that connects it to the Apple. You should also check the orientation
of the cable to be sure that it is correct. If you cannot locate the problem, obtain assistance.
Sfep 2

With the power applied to the breadboard, connect a jumper wire
between one of the logic probe input pins, P, at the PROBE socket,
and one of the *S-volt power pins at.the power socket. What is the
effect on the logic probe indicators?

The red LED is on, indicating the presence of the logic one state.
The probe jumper wire should now be moved from'the *S-volt
power pin to one of the ground pins on the same power socket. What
is observed, once this connection is made?

The green LED is on, indicating the presence of a logic zero state at
the input to the probe circuit. You may have noticed that the pulse
detecting LED (yellow) flashed as you made the connection tb +5
volts or to ground. This flash indicates that the probe detected a
chnnge in the logic level. Either a logic-one-to-logic-zero, or a logiczero-to-logic-one transition will cause the yellow LED to flash. This
makes it particularly useful for detecting pulses and logic transitions.
Connect the probe input to address line A0 at IC-19. What do you
observe when this connection has been made? All of the LEDs are
on, probably at different intensities. This is due to the fact that the
6502 microprocessor chip is executing many, many assemblyJanguage instructions in the BASIC and monitor ROMs, thus using the
address bus to address various memory locations. Move the logic
probe test wire to the other address bus lines, A1, A2, and A3. You
should be able to detect similar "activity" at these pins, too.
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Srep 3
You may wish to test other points on the breadboard with the logic
probe. The data bus lines and the control signals may be easily
tested. You should keep in mind that the logic probe is only sensitive
to the logic levels presented by the outputs of standard transistortransistor logic ( TTL ) chips used on the breadboard and in the experiments. Do not attempt to use the probe to measure anything but
these logic levels. If you connect the probe to voltages outside the
zero to *5-volt range, the probe circuit will be damaged.
Step 4

When you use the probe, you will notice that there are many combinations of lit LEDs. For example, you may see that the red and
yellow LEDs are lit, while the green one is unlit. Do you have an
idea of what,this means?

This means that a pulse is being detected, and that the normallogSc
level of the circuit being tested is a logic one. The green LED lights
very briefy (you can't see it), to indicate the feeting presence of the
logic zero pulse. The pulse detecting circuit stretches the pulse and
lights the yellow LED so that you can *see" that a pulse has been
caugnt.
You may also see .the green and yellow LEDs on, with the red
LED ofi. What would this indicate?

A logic zero level would be indicated, with short logic one pulses.
It is possible that all LEDs may be lit, too. In this case, the input
to the logic probe is rapidly changing between logic one and logic
zero.

In some of the following experiments, the logic probe will be used
to examine outputs and to detect logic states and pulses. This will
be noted by, ". . . use your probe to examine. . . ," or perhaps by,

'.

. . use the logic probe to measure . . . ." This simply means that you
are to connect the logic probe to the circuit being tested, so that you
ean "see" what is happening.

Turn your computer off.

EXPERI'I/IENT NO 2
USE OF THE DEVICE ADDRESS DECODER

Purpose

This experiment allows you to explore the use of the device address decoder circuit on the interface breadboard printed-circuit
board. Since this decoder will be used in all of the experiments, you
must have a good understanding of its use.
Discussion

In this experiment, address bits Al5-A0 will be used to identify
speciffc addresses for use by IIO devices. The address switches will
be set up for a speciftc range of addresses, and the logic probe will
be used to examine the action of the decoder circuit. You will also
use an SN7402 won gate integrated circuit.
Pin Configuration of the lntegrated Circuit (Fig. 6-3)

Fig. 6€. SNT4Orl NORgate pin configuration.

sN7402

Sfep I
No circui.ts should be presently wired on your breadboard. If there
are any circuits present, remove them from the solderless breadboard. In this experiment, the entire l6-bit address bus will be used
by the decoder section of the interface. Be sure that the bottom
switch at the LO address dip switch (IC-6) is in the "M" position,
or in &e "ON" position.
Srep 2

Place the dip switches for all of the address bits, A15-A4, in the
logic one position. Remember not to change the setting of the "M"
switch. Can you determine which set of addresses will be decoded
by the SN74til decoder? What addresses in this block will be available at the ADDRESS output socket? You may wish to examine the
schematic in Fig. 5-4.

will be decoded by the
4to-16 decoder (SN741il). Since the decoder only provides you
with the "bottorn' eight addresses, only addresses from 65520 to
65527 will be available.

Addresses in the block from 65520 to 65535

Step 3

Turn your computer on. If you are running a program, press the
RESET key. Use the logic probe to test the eight address outtrruts at
the ADDRESS socket. Are any of the decoder outputs active (pulsing)? Since you are not running a prograrn, is this what you would
expect?

Two of the outputs should be active, 0 and 4, corresponding to
ad&esses 65520 and 65524. While the computer is not running a
BASIC program, it is executing many assembly-language steps that
monitor the keyboard, etc. Remember that the address decoding circuitry is ahnags decoding addresses.
Srep 4

Wire the circuit shown in Fig. 64. Be sure that you connect the
power pin, pin 14, to *5 volts and the ground pin, pin 7, to power
RD

T

,,;::::::::::T

fffi"*.n

circui,

ground. Refer to Fig. 6-3 for the pin conffguration of the SN7402.
Yoo may substitute in SN74LS02 for this chip. The outputs of the
gates, A, B, and C, are not connected to any circuit at this time.
Srep 5

Change the switch settings on the dip switches for bits A15-A4 for
an address of 49312. This is 11000000 101000002, and you should ignore the four least-significant bits. What range of addresses will be
available when the address switches are set this way?
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Addresses from 49312 through 49327 will be decoded, but only addresses 49312 through 49319 will be available.
Step 6

Enter the following program into the computer and run it:
l0 A
20

:

PEEK(4e318)

GOTO ro

Using the logic probe, monitor the outputs of the decoder, and note
your observations below:

You should see that the *6' output is active, and one or more other
l'

I

outtrluts may be active, too.

Now monitor the outputs of the gates, A, B, and C, and note any
activity, at these points, as determined with the logic probe, in the
space below:

Logic 0

Login

7

Pulse

A
B
C

Is this what you would expect? Can you explain this?

Yes, this is what is expected, since the input (PEEK) command is
the program speciffed device 49318 as an input device, and the decoded address is found at the '6" output from the decoder. Thus, only
output'R" should be active. No other input devices were speciffed
in the program, and no output devices were speciffed, either.
Srep 7

Change the device address in line l0 so that address 4g325 is selected. Line 10 should now be 10 A:PEEK(49325). Run the program and test the gate outputs A, B, and C once again. Are any of
the outputs active, indicating the presence of pulses? Why?
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None of the outputs should be active, since device address 49325 has
not been implemented in the circuit. Furthermore, address 49325 is
not readily available on the breadboard. Of the addresses in the

block 49312 through 49327, only addresses 49312 through 49319 are
available at the ADDRESS socket.
Step 8

Change line 10 in the program so that

l0 A: PEEK(49318):B:

it is now

PEEK(49319)

Where do you observe the pulses in the circuit when you run the
modified program?

You should ffnd that outtrtuts A and B are active. Output C is not ac-

tive since it is an output control pulse, and there are no output
(POKE) commands in the program.
Step 9

Make another modiffcation to your program. Change line 10 so
that you can control output device 49318. Your statement at line 10
should look like this:

r0

PoKE 49318,0

You can use any data value that is between 0 and 255, inclusive. Now
mn your program and test outtrluts A, B, and C. Which output do you
extrlect to be active? Is this what you found?

Output C is active, since the POKE command is an output-type command, and the address, 49318, corresponds to the "6" output pin from
the decoder. You are probably surprised to see that the B output is
also active. When a POKE instruction is executed by the BASIC interpreter in the Apple, the computer system does a read-before-write
operation, so that the selected address is read from, before being

written to. This must be kept in mind during the design of interface
circuits.

Step lO
Could you reconffgure the switches in the address decoder section
so that addresses S}g4through 50951 are generated by $re decoder?
How would- you attempt to do this? Are these addresses really going
to be available?

Yes, you could change the switch settings to allow the decoder to
operate between these addresses. First, convert the ffrst address into
its binary equivalent: 5A944 11000111 00000000. Second, make the
changes in the switch settings for A15-A8 and for A7-A4. Now, what
addresses would correspond to the "6" and "7" outputs from the decoder? Test your answers by using PEEK commarrds in the simple
program that you have been using in this experiment. You shouldle
able to see the pulses at the A and B outputs from the gates.
Onte you lwoe tested this, be sure to return the addresi stoitches to
their preoious settings, corresponding to the binary Dalue, Ilffi\\N

nn0m0.

Do not remove the circuit from your breadboard. It will be used
again. The program will not be used, however, so you.may turn ofi
the power to your breadboard and computer.
EXPERIMENT

NO.

USING DEVICE.SETBCT

3
PULSES

Purpose

In this,experiment, you will observe the use of device-select pulses
to control an external device. Although generally used to control the
fow_ of information, the PEEK and POKE commands may also be
used to generate useful pulses to simply control external devices.
Discussion

In this experiment, a simple device will be turned on and ofi
throughthe use of device select pulses. The logic probe will be used
as the "device," and a simple flip-flop will be contiolled by two software-generated pulses.

sN7474

Fig.65. SN74(n and SN7474 chip pin conftguret3ons.

S'ep I
The device select circuit used in Experiment No. 2 is also used in
rhis experiment. If it has not been wired, wire it as shown in Fig. 6-4.
Slep 2

Wire the SN7474 flip-flop as shown in Fig. 6-6. The "1" noted at
means that a logic one (+5 volts) is
applied to this input. Likewise, a "0'would indicate a logic zero, ot
ground connection. The 0 and 1 notations are used to distinguish
logic level connections from power-carrying connections. The Q output from the flip-fop should be the only device connected to the
logic probe. Remember to make the power connections to the
SN7474 fip-fop; pin t4 to *5 volts and pin 7 to ground.

&e'D" input to the SN7474

Siep 3

the outIn this circuit, the WR 49318 pulse (sign"Lt)_*ill
"lock
(signal
pulse
49319
while
the
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Fig. 66. Simplc Cipfiop codrollcr circuit.
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rtqte_r"til po*er is removed, or until
a WR 49318 pulse.
Enter the following program

it

is cleared to logic zero with

in to your computer and run it.

l0 A : PEEK(49319)
20 POKE 49318,0
30 FOR T : TO 300: NEXT T
40 A : PEEK(49319)
50 FOR T : 0 TO 30O: NEXT
60 GOTO 20

T

Disregard the flashing of the logic probe pulse LED. What is the
effect on the logic one and logic zero LEDs?

They flash logic one, logic zero, logic one, etc., in sequence.
Step 4

Alter the time delay routine at line 50 to:

50

FOR

1 : 0 TO lO0O:

NEXT T

When this change has been made, run the program. What is the
effect of this simple program change?

The logic zero LED is on for a longer period. Thus, it is possible to
generate control pulses that are a known period apart, say 1 second.
Step 5

Can you determine the software delay necessary in a FOR . . . :
NEXT T statement to generate a l-second periodP Modify your program and test various delay counts until you closely approximate 1
second. You might want to try for a lO-second period and then divide
the count by f0 for a l-second period. What delay count did you
come up with? We found that a delay statement,
FOR

T

:

0 TO 780: NEXT T

required about

I second to be executed.

Srep 6

You can now use the power of BASIC to allow you to tell the computer how long each LED is to be ON. The following program may
98

heuered and run, It first

mdq

asks you

for the period of each LED, in

and then runs the program.

rO A : PEEK(49319)
IO INPUT "RED TED PERIOD ";Q
$ INPUT " GREEN LED PERIOD "; R
O PRINT "TOTAI CYCLE PERIOD "; Q*R; "
s PoKE 49318,0
&FORS:ITOQ
il FOR T : 0 TO 780: NEXT T
il' NEXT S
S A : PEEK(49319)
lO FORS-ITOR
ll0 FOR T : 0 TO 780: NEXT T
r20 NEXT S
uD GoTO 50

SECONDS"

ttrb€n the program is run, the time delays may be somewhat length-

aed- Why?

Tte additional software steps (FOR S - l TO Q, FOR S - 1 TO R
ud NEXT S), add time to the overall execution time of the program, although you will not see appreciable lengthening of the proEram"

\ilhat

does this program show you?

It illustrates many principles; the use of simple programs and simple
circuits to control external devices. It also illustrates the power of
BASIC to control external devices through relatively simple software
steps. Remember, though, that BASIC is relatively slow'
Even though PEEK and POKE commands were used, the success
of the fip-flop interface did not dzpen'd, onth,e actual transfer of 9ry
dda or- informatim.. The flip-flop was controlled, or switched,
through the use of device select pulses, alone. This principle is often
usd when a control signal or control pulse is required, but no data
is transferred.
Please remember that when a POKE command is used in the
BASIC interpreter in the APPLE computer, aread, andauvrite oper&tion are performed. Thus, if you choose to use a POKE command to
generate a device select pulse {or control purposes, gut mast rerrrenxW that the APPLE will also perforrn a read frmn the sanw add,ress.

If you are using two control pulses with the same address, say, WR
XYZ and RD XYZ, the RD XYZ will also be activated during a write
operation caused by a POKE XYZ command.
The SN7474 fip-fop circuit may be removed from your breadboard, but the SN7402 circuit should be retained. The program will
not be used again, so you may remove power from your system.
EXPERIMENT

CONSTRUCTING

NO. 4

AN

INPUT PORT

Purpose

The purpose of this experiment is to construct an input port using
three-state buffer circuits.
Discussion

The simple 8-bit input port that you will construct as a part of this
experiment will provide a means of entering data into the computer.
Several additional experiments will use this input port. The device
select circuit used previously will be used in this experiment. The
SN74365 or DMB095 three-state buffer chips will be used in this
experiment.
Pin Configuration of the lntegrated Circuit (Fig. 6-71

Fig.&7. SN7I[il65, or DM8095 rhreestate bufrer chip pin configuralion.

sN74365A
sN74LS365

Step I

The gating circuit developed in Experiment No. 2 will be used in
this experiment. If this circuit is not present on your breadboard"
refer to Fig. 6-4 for the circuit details, and wire the circuit shown.
Your computer and breadboard power should be ofi.
Step 2

Wire the 8-bit input port circuit shown in Fig. 6-8. Two SN74365
(DM8095) three-state integrated circuits are required.
r00

t6

LOGIC

swtTcHEs

A

sN74365

A

I

I

6
t1

c
D

DATA

BUS

t0

Jl5

GT

+5
LOGIC

swtTcHEs

A

,

B

c

GND

l" l,
5

4

D

DO

@

sN7436

I

DEVICE SELECT

o

GI

@.

Fig.64, Simple 8-bir:npul port.

Step 3

Note that in this circuit only one of the two enabling inputs to the
three-state bufier chips has been used. The unused input has been
grounded, or connected to logic zero. Thus, the internal gate will not
be used for combining a function pulse and a device address. The
enabling signal will simply be transferred through the gate to the
chip.
tbree-state buffer
"it"glltfylhitlbehne to point A (pin I on the
Connect the DEVleffiffif
SN7402), as shown in Fig. 6-4. This is the signal for RDZSI9.
The notation LOGIC SWITCHES in Fig. 6-8 is used to represent
switches that can generate logic one or logic zero signals at the eight
individual inputs to the input port. Simple iumper wires to the *5volt and ground power supply buses may be used. There is additional information in the Appendix about this type of logic function.
Srep 4

Once the input port has been constructed and the device select
pulse has been provided from the SN7402 rrron gate, enter and run
the following test program:

lO

PRINT PEEK(49319): GOTO

l0

What is displayed on the screen when the program is running? Does
changing tht logic switches have any efiect on the displayed" value?
Is this what you would expect?

The value 255 is displayed, corresponding to 111111112. Changing
the logic switches had no efiect on- the values that were displaledl
At ffrst, you might have expected the values to change as you
changed the switch settings, but this was not observed. Why?

The interface circuit was not provided with an input request (TNIP
REQ) signal that is used to place the two bus buffers in the input
mode.
Sfep 5

Make a connection between the SN7402 A, orRDZEffi, signal and
the W input at the INP REQ section of the CONTROL SIGNALS
socket. This signal will place the 8216 bus buffers in the input mode.
Now that this connection has been made, restart your program and
change the switch settings. Are the changes in the switci'seftings
shown as changes in the numbers being displayed? You should test
several difierent settings.

The switch values are now transferred to the computer, converted
into decimal numbers and displayed on the monitor screen.
If you would rather see the values in binary form, the following
program may be run. It will display the binary numbers continuously.

IOA:128
20 B : PEEK(49319)
30 FORQ:lTO8
1O

IF

B-A<O

50 PRINT "I";
60 B:B-A
65 A:AI2
70 NEXT Q
75 PRINT
80 GOTO rO
l02

THEN GOTO IOO

IOO

PRINT

"0";

l

GoTo

65

r0

If you wish to change a switch setting and then obtain its binary
equivalent, change line 10 to:
l0

INPUT

A$: HOME:

A:

128

Now, whenever you wish to display the binary value of the logic
switch setting at the input port, simply depress the RETURN key
on the Appl" keyboard. Of course, the switch settings are already in
binary format, so the correlation between the displayed binary value
and the individual bits at the input port should be easy.
Do not remove the circuit from your breadboard, and do not turn
ofi the power. Both the program and the circuit will be used in the
next experiment.
EXPERINAENT

NO.

MUTTIBYTE INPUT

5

POR,TS

Purpose

The purpose of this experiment is to show you how multiple bytes
of information may be input and processed by a BASIC progmm.
Discussion

Not all input devices transfer only one bpe of information to the
Some devices may require 9 or more bits. In this
Apple
"o-p:.rt"t.
you
will simulate two input ports through the use of the
explriment,
port
that
was
constructed in Experiment No. 4. Refer to Experinput
details of the input port. We recom4
for
construction
No.
iment
mend that you work through Experiment No. 4 before proceeding
with this experiment, if you have not already performed it.
Step

I

If you do not have an input port connected to your Apple computei, we refer you to Experiment No. 4. The circuit developed in
fhat experiment must be used.
Slep 2

In handling multibyte data, the Apple must be programmed

so

that the various bytes are ordered from most-significant to least-signiffsanl byte. In this experiment, we shall use byte "M" as the mostsigniftcant byte (MSBY) and "L" as the least-signiffcant byte
(LSBY). Since the Apple will interpret B-bit values as decimal numbers between 0 and 255, can you suggest an equation or series of

operations that can be used to obtain the decimal equivalent for
two-byte binary number?

a

Since the MSBY is 'offset" by a factor o1256, you can use the following relationship:

VALUE:(rv\*256)+t
where VALUE is the ffnal decimal value of the 16-bit word.
Sfep 3

To test this equation, enter the following program into the computer:
200
210

M

220

INPUT "SET LSBY ON SWITCHES ";A$

INPUT "SET MSBY ON SWITCHES ",.A$

:

PEEK(49319)

t :
y:(256*M)+r

230
PEEK (49319)
240
250 PRINT V
260 GOTO 200

Now-run the program, starting it by entering GOTO 200, and pressing the RETURN key. When the computer asks, *SET MSBY ON
SWITCHES?" set the eight bits for the value of the MSBY on the
eight switches. Depress the RETURN key on the keyboard. When
the computer asks,'SET LSBY ON SWITCHES?" change the eight
switches so that they represent the eight bits that you wish to enter
for the LSBY value. When the switches have been set, depress the
RETU-RN key so that the computer will know that you are ready.
Now the decimal value should be displayed on the video monitor.
Some typical f6-bit values that you might wish to try are listed beIow. Fill in the decimal value for each, as generated by the Apple.
You should be able to check these fairly quickly with the aid-oJ a
calculator.

I,ISBY ISBY
l00l0lo I 1000001
llo00lil 000lll0l

VATUE

I

00000001

1000000I

You should ffnd values of 51905, 50973, and 385.
Srep 4

The following program is a combination of the binary output proI(M

gram, and the two-byte decimal calculation program. It will allow
you to input two 8-bit bytes to represent a 16-bit value, display the
decimal value and the binary value.

lO A : 32768
20 FORS:lTO2
30 FORQ:lTO8
40 IF B_A<O THEN GOTO IOO
50 PRINT "I";
60 B:B-A
65 A:Al2
70 NEXT Q
75 PRINT " ";:NEXT S
80 PRINT: GOTO 20O
IOO PRINT "O";

ilo Goro 65
2OO INPUT "SET MSBY
210 M : PEEK(49319)
22O

ON SWITCHES

INPUT "SET LSBY ON SWITCHES

: PEEK(49319)
21o v:(2s6 *M)+t
250 HOME: PRINT V
2& B : V: GOTO l0
23O L

";

";

A$
A$

Srep 5

Run the program by entering a GOTO 200 command and then depressing the RETURN key. Set values for the MSBY and LSBY on
the switches. There should be a correlation between your switch settings and the binary bits that are displayed on the screen. You should
be able to convert the binary value into a decimal value fairly easily.
The 16-bit binary value has been "split" into two 8-bit values so that
you can easily compare the bits with your switch settings.
Now that you have seen how the Apple can operate on two 8-bit

bytes to reconstruct a 16-bit value, you should realize that other
types of operations could have been performed, too. Although only a
single input port has been used in this experiment, it would be easy
b construct another one with a new device address to provide thb
additional byte of data required in the 16-bit application that has
been simulated in this experiment.
You probably noticed that a new variable, A$, was used in this experiment, and in the last one. This is a "dummy" variable that has
been used so that the program can be halted at a predetermined
lnint so that the experimental conditions could be changed before
the computer is allowed to go on. The A$ variable is a string variable, and when the RETURN key is pressed a null, or'hothing"
string of characters is assigned to this variable. This is just a 'trick"
'' ^t halts the computer until we depress the RETURN key.

ts

The interface circuit used in this experiment will be used in the
following experiment, so it should be saved. The software will not
be used, so the computer and interface may be turned off.
EXPERIMENT

NO. 6

INPUT PORT APPTICATIONS
Purpose

The purpose of this extrleriment is to show you how an input port
may be used for control applications.
Discussion

In this experiment, the B-bit input port will be used to transfer information to the Apple, but the Apple will process the eight bits of
data in a nonnumeric fashion. In this way, the state of. eight external
devices will be monitored.
Step

I

If you do not have an input port connected to your Apple computer,
we refer you to Experiment No. 4. The input port described in that
experiment will be used in the following steps.
Step 2

In many cases, the computer will be used to process nonnumeric
information that tells the computer about the status or state of external devices. In such a way, it is easy to determine when devices
are on or off, valves open or closed, elevators up or down, and so on.
Enter the following program into your computer and run it. This
program demonstrates how a value may be used to eause the computer to take a preprogrammed course of action:
l0 INPUT A$: HOME
20 A : PEEK(49319)
30 IF A>127 THEN GOTO 70
40 PRINT "INPUT 1: r27"
50 GOTO r0
70 PRINT "INPUT > 127''
80 GOTO r0
Step 3

You must press the RETURN key to cause the computer to execute
the input and comparison steps. Set the logic switches at the input
port to a value that is less than 127 ( 00000000 to 01111110) and press
RETURN. What happens? Try this with a value of I27 or greater
(0111fU1 to 11111111). What happens? What happens when the
binary value is equal to 127 (011IU11)? You should see the correct
t06

for each value that is input to the computer. This program
illustrates how the computer can be used to make a decision based
upon a value. In some cases, the value of an individual bit may be
used as the basis for a decision. The binary conversion program provided in Experiment No. 4 allowed you to see a binary equivalent for
a decimal value. This program made decisions based upon the value
of individual bits, so that it could determine whether to display a
one in each bit position.
message

Srep 4

In this step, the basic binary-display routine will be used, but
rather than display ones and zeros, the computer will display "ON,"
for a logic one and "OFF," for a logic zero. You should be able to
modify the program frgm Experiment No. 4 to do this, just by changing the PRINT statements, but the following program is provided for
you. Note that the program from Experiment No. 4 has been
'moved," or relocated to higher line numbers. Before you enter this
program, remember to delete the old one, if you have not already
done so by turning off the power. The NEW command may be used
to delete the old program. Simply type NEW and then press the
RETURN key.
4lO

INPUT A$: HOME:
12O B:PEEK(49319)

4:lO

A:

128

FORQ:lTO8

11O IF B-A <O

THEN GOTO

5OO

"ON ";
16A B : B-A
17o A : el2
480 NEXT Q
490 GOTO 4rO
150

PRTNT

5OC PRINT "OFF .";

5r0

GoTo 470

Note: There are two spaces after ON, and one space after OFF. This
generates equal spacing.

Run the program. Remember that the switches should be set, and
then the RETURN key pressed, to perform the 'conversion" and display. You should see that a line of ON and OFF messages is displayed, with the ON notation for the logic one bits, and the OFF notation for the logic zero bits. The PRINT statements in the program
cuuld be changed to display OPEN and CLOSED, UP and DOWN,
and other similar notations for the bits.

'

Srep 5

While the simple program in Step 4 has some uses, the display of
the ON and OFF messages in column format may be more useful.

The HTAB and VTAB commands in BASIC may be used to generate
such a vertical display of the conditions. The same basic program is
used, with the necessary changes marked ( " ). You need to leave the
spaces after ON and OFF in lines 450 and 50O, respectively.
*400

H:20:V:8
INPUT A$: HOME : A :
42A B : PEEK(49319)
430 FORQ:ITO8
4lO

440

t450

IF

B-A<O

460 B : B-A
*470 A: elzt
48O

*490
*500

IHEN GOTO

HTAB H: VTAB

V:

PRINT

128

5OO

"ON ";

V: V*l

NEXT Q

GOTO 400
HTAB H: WAB

5r0 Goro 470

V;

PRINT "OFF

";

You should now observe that the display of ON and OFF conditions
is vertical, since the HTAB and VTAB commands have been used to
"move" the cursor in a vertical fashion.
Thus, the ON and OFF conditions can be displayed in a number
of ways. In fact, in some computers, graphical representations and
alphanumeric characters may be mixed so that the ON/OFF conditions may be displayed near a pictorial representation of the device
or process being monitored.
While the program is running, make changes to the switch settings

to conffrm that the program and the input port are working properly.
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You may want to run the program continuously, so that the
switches may be changed, and the ON/OFF conditions monitored,
without the need to press the RETURN key each time a new display
is needed. The INPUT A$ is the "dummy" input command that
causes the computer to stop and wait for you to press the RETURN
key. Remove this statement from the program, so that line 410 looks
like this:
4I0 HOME:A:128
Now run the program. Does this provide a reasonable display? Why?

Our display fickered badly, since the HOME ct-rmmand clears the
entire screen and positions the cursor in the upper left-hand corner

of the monitor screen each time the computer restarts the program.
This takes time, and it slows down the diiplay. Can you suggest any
frrther changes to the program to reduce or eliminate the ficker?

Sfrp7
By removing the HOME command, you can reduce the time that
Apple takes to clear the entire screen and "home" the cursor to
lhe upper left-hand corner of the video display area. When the
HTAB and VTAB commands are used, they position the cursor at
exactly the right place to print each ON or OFF on each line, one
per bit If no spaces are left after the *ON" at line 450, the printing
of the ON would not cover the last F in OFF, and you would see
ONF, instead of ON. Thus, the spaces are needed to "erase" any
characters remaining on a line.
We suggest that you use the following for line 410 in your progmm:

th

4lO A :

128

Now, start the program by typing in HOME:GOTO 400, and then
If you do not use the HOME command, the program will simply write over whatever is on the screen. The HOME
command clears the screen for you just before the program is started.

pressing ENTER.

Slep

I

The VTAB and HTAB commands can also be used to generate
titles or captions for each of the eight lines of information in the display. Several captions follow, and you may add or change the ones
provided:

5 HOME
l0 WAB 8: HTAB I
I5 PRINT "ACID PUMP";
20 VTAB 9: HTAB I
E PRINT "BASE PUMP";
30 VTAB l0: HTAB I
35 PRINT "HEATER";
lO VTAB Il: HTAB I
{5 PRINT "MIXER";
50 VTAB 12: HTAB I
55 PRINT "FLUSH CYCI-E";
@ VTAB 13: HTAB I
65 PRINT "DISHWASHER";
70 VTAB 14: HTAB I
r0!t

75
80
85

PRINT "VACUUM":

VTAB 15: HTAB I
PRINT "DRYER";

We suggest that you add these lines to your program if you plan to
go ahead with Experiment No. 7. You should test your program after
you add these lines.
The hardware and the software used in this experiment will be
used in the next experiment, so you should not dismantle your circuit, nor should you remove power to the computer.
EXPERIMENT NO. 7
INPUT PORT APPTICATIONS (II)
Purpose

The purpose of this experiment is to show you how logical operations may be performed on data.
Discussion

This experiment will use AND operations, and they will be performed on the ON/OFF information from eight external "sensors."
The conditions of these sensors will be used to trigger actions in the
computer.
Srep

I

The program used in this experiment is the same as the one used
in Experiment No. 6. If it has not been completely entered into your
computer, you must enter it and test it. If it has been entered and
tested in the previous experiment, you may wish to check it against

the following listing:
5
lO
I5
20
25
30
35
4O

45
50
55
60
65
70
75

HOTTAE

VTAB

8:

PRINT

"ACID PUMP";

VTAB

9: HTAB

HT,AB I

VTAB

l0:

4OO

tto

HTAB I

PRINT "HEATER";

VTAB

ll;

HTAB I

PRINT "MIXER";

VTAB

12:

HTAB I

PRINT "FLUSH CYC[E";

VTAB 13: HTAB I
PRINT "DISHWASHER";

VTAB 14: HTAB I
PRINT "VACUUM";

8O VTAB 15:

85

I

PRINT "BASE PUMP";

HTAB I

PRINT "DRYER";

H:20:

V:8

A: 128
B : PEEK(49311)
FORQ:lTO8

410
420
430
440

IF B-A<O THEN GOTO 5OO
,.ON ,,;
HTAB H: VTAB V: PRINT

450

B:B-A
A: Al2: v:

460
470

NEXT Q
GOTO 400
HTAB H: VTAB
GOTO 470

480
490
500

510

V*l
V:

PRINT ,,OFF ,,;

When successfully loaded and tested, the program should generate
a display such as that shown in Table 6-1. The various ON and OFF
conditions shown by your computer will probably be different, based
upon the logic switch settings at your input port.
Srep 2

Make notes alongside of Table 6-l to indicate which bits at the
input port correspond to the different labels. You can do this by
loble 6-1. Gontrol Progrorn Output

PUMP
PUMP
HEATER
MIXER
ACID
BASE

FTUSH

CYCLE

I
I
I
I
I

DISHWASHER I

VACUUM
DRYER

I
I

ON
OFF

ON
ON
ON
ON
OFF
OFF

testing the input bits, or by analyzing your program. You should
ffnd that bit D7 is the'ACID PUMP," bit DO is the "BASE PUMP,"
and so on, down to bit D0, which is the'DRYER."
Step 3

Refer to Chapter 4, Example 4-3 and use the Apple monitor to
enter this assembly-language program into the computer. You can
sirnply type CALL -151 and then RETURN to enter the monitor.
Cteck that your program has been entered correctly. Remember that
tbe monitor program uses hexadecimal numbers. If you do not know
how to use the monitor, refer to AWIz ll Referetwe Marunl, or follow these steps:

I.

the RESET key and type CALL -151, and press the
RETURN key. The Apple should respond with an asterisk ( * ).

Press

2. Type 0300:ffi

00 00 48 AD 00 03 2D 01 03 8D 02 03 68 60 Leave

lil

a space between the

two-digit groups. Use 00 for the ffrst three

values in the program.

3. Press the RETURN key, type 02FF, press the RETURN key,
then press the RETURN key twice, and check the data against
what is in the listing in Example 4-3, and what is noted above.
Step 4

To test the assemblyJanguage program, enter the program shown
below into the computer and run it. Make the necessary decimal-tobinary and binary-to-decimal conversions on scrap paper to check
your results. Press RESET to return to BASIC.

r030

POKE 10,76:POKE 11,03;POKE 12,03
INPUT "MASK BYTE "; M: POKE 768,M
INPUT "DATA BYTE "; D: POKE 769,D
Q USR(O): PRINT "ANSWER "; PEEKVTOI

1040

GOTO rOrO

r

000

l0r 0
1020

:

If your answers prove to check with those that you calculate by
hand, go on to the next step. If not, carefully check that the assemblyJanguage steps have been entered correctly, and test the program
again. Remember, the errors could be in your "hand" calculations.
Step 5

We now want you to modify your program so that it will detect
whenang of the appliances, DISHWASHER, DRYER, or VACUUM
are on, and whenever the ACID PUMP and BASE PUMP are both
on. The logical ervn assembly-language subroutine can be used, although there are probably other solutions that will also work.
Can you suggest a method of making these determinations? We
suggest that you review the logical ewn operation, as presented in
Chapter 4. Think about the operations as they are presented in
Table 6-2.
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The logical ervn operation can be used to mask out the unwanted
bits, D5-D0 for the pump test, and bits D7-Dg for the appliance test.
Thus, two'masks" must be established, one for the pumps, and one
for the appliances. What would these masks be, in decimal and in
binary?

lt2

tobte 6-2. Conlrol Conditions To 8e

w

D5

D5

D4

D3

D2

ot

DO

X

X

X

0
0
0

0
I

I

I

I

X
X
X

I
I

0

o

0

I

I

I
I

0

x

I

I

X

X

X

x
x
x
x
x
x
x

x
x

X
X

X
X

X

X
X
X
X
X

X
X
X
X

x

Detected

ACID AND BASE PUMPS
BOTH ON

X

x

x
X
X

X

= Don'l care, logic

one

X
X

I

0

ANY APPLIANCE ON

I

ot zeto.

mask for the pumps would be 110000002, or 192, while the mask
for tle appliances *onld be 00000I1L2, or 7. When these masks are
exoed witl the input values from the sensors, or logic switches, the
desired bits will be "fiItered'through the mask.

Tte

Step 7

Now that the two masks have been established, suggest some software steps that could be used to determine the state of the "filtered'
bits. Yori need to think of the individual bits, as well as the decimal
equivalents for the bits. You may use new variables, if you need to.

We used a new variable, C, to represent the value input from the
sensors. This allows the variable B to be used independently in the
ON/OFF display portion of the program. If yolr use the variable B,
you will ma tnlt it is always zlro. We will let you try and find
out why. We used either:
POKE 768,7:POKE 769:C:Q:tlSR(

TFPEEK(770)-0THEN...

0)

or
POKE 768,7:POKE 769,C:Q=IJSR(0)
rF PEEK(770) >o rHEN . . .

tt3

to detect the appliances, and similar steps to detect the pumps. In
each case, the THEN . . . statement is executed on otre lorrditiorr,
and the program continues on in the other.
Step 8

In order to test your program ideas, add steps to the basic fagdetecting program so that DANGER is printed on the display'if
both pumps are on, and APPLIANCES is printed if any of ihe appliances are on. Write your program stepl in the following space
and review them carefully before you change the program. F"-"*ber that you will need a line just like line IOOO in the program given
in Step 4, if you are going to use the assemblyJanguage iubroutine.
This program _line initializes the three locations ,rs"d by the USR
command so that it points the computer to the start of ihe correct
subroutine.

Your program steps

oro coro

ooo

POKE 768,7: POKE 769,C

600
605

Q

6r0

lF PEEK(770)

615
620
625

HTAB 2O:VTAB
POKE 768,192

630
635
640

700
710
800
810

il4

will probably look like

Q

=

:

USR(0)

:

O rHEN 70O
PRINT "APPIIANCES',;

I7:

USR(O)

<>

rF PEEK(770)
192 THEN 800
HTAB 2O:VTAB l8: PRINT "DANGER";
GOTO 400
HTAB 2O:VTAB l7: PRINT
GOTO 620
HTAB 2O:VTAB l8: PRINT
GOTO 400

these:

Test your program. You may have forgotten steps to clear the APPLIANCES and DANGER displays from your screen. You may also
have forgotten to use three POKE commands to load the information required by the USR command. You can do this without adding another step to your program, simply tlpe in the POKE commands, followed by a RETURN. They only need to be executed
once.

The commands for printing spaces at lines 700 and 800 are used
to clear the APPLIANCES and DANGER signals that are displayed.
This program could be much more complex, containing steps to. use
reverse video, or to flash the display when an emergency condition
is sensed by the program. You should realize by now that the software can handle both mathematical and logical operations. You
should also see that the use of assembly-language subroutines is not
too difficult.
You may turn off the computer, although the assembly-language
evn operation program will be used again. The input port will also
be used again, so do not dismantle your circuit.
EXPERIMENT NO. 8
CONSTRUCTING AN OUTPUT PORT
Purpose

The purpose of this experiment is to have you construct a simple
8-bit output port and investigate its use.
Discussion

In this experiment, a simple 8-bit latch circuit will be used to

construct an output port. The output port will be used in this experiment, and in some of the following experiments, in which it
will be necessary to transfer information to external devices. Two
SN7475 quad latch integrated circuits

will be used.

Pin Configuration of the lntegrated Circuit (Fig. 6-9)

FUT{CTION TAALE

H = high bvol, L- low lov€|, X - irr.lovsnt
th. lev€l o{ O b€fot€ th. high-telow tr.nsition of G

OO =

Fig.

64. 5N7475 +bil match chip pin configuralion.

Step I

The gating circuit used in Experiment No. 2 will be used in this
experiment. If this circuit is not available on your solderless breadboard, we suggest that you perform Experiment No. 2 and then this
experiment. Tlre g-atin_g circuit may also be wired and used directly.
Refer to Fig. 6-4 for the circuit details.
Step 2

Wire the circuit shown in Fig. 6-10. Two SNT4TS latch integrated
circuits are required, along with eight individual lamp monitors, or

+5

GNO

DQ
DATA
BUS

DO

Fig. 5-lO. Simple &bir output port schamatic.

equivalent logic level detecting circuits. Do not connect the device
select input, DEV SEL, at this time.
Srep 3

Refer to the circuit shown in Fig. &4. Try to determine which of
the three control outputs, A, B, oiC, would be used to control the
latch enable inputs that are connected to the DEv sEL rine. which
one would you use? Why?

il6

The A output, trD-Zgltf, has already been used and RD 49318
would not work, since it is decoded for an input port. The WR 49318
output ( C ) would be the choice to use. It provides a-po-sitive pulse
which ii the same type of pulse required by the SN7475 latch chips'
This output is also decodid for an output device. You should remember ihat the] and $output pins from the decoder on the printed
circuit board actually coo"rpottd to decoded addresses 49319 and
49318, respectively.

13 on the SN7402 and pins 4 and
This is the DEV SEL connecchips.
latch
13 on both of the SN7475
in
Fig.
&10.
tion shown

Maie a-co.toe"tiott between pin

Srep 4

To test the output port, enter the following program into your
computer:

lO A:0
20 POKE 49318,A
30 END
Preset the variable A to zero, as shown, and run the program' What

happens to the lamp monitors?

They should be unlit, since zero has been transferred to the output
port. Now set A to 255 and run the,program again. You should see
itt of th" LEDs light. If these conditions have not been found, recheck your circuit and the test program.
Srep 5

The program may be changed so that you can easily enter new
values from the keyboard. The new program is:

IO INPUT A
20 POKE 49318.A
30 GOTO lO
You may try any values that you choose, but we suggest tl-rat ygu
try powen 6f t*o first, 0, 1,2, 4,8, etc., since these will test the individual LEDs.
ll,

Since an B-bit output port can only display values between zero
and 255, what happens when you try to output a value that is outside of this range? Would you expect to see a "portion" of the value,

say the eight least-signiffcant bits? Try running the program with
the value 256. What happens?

The Apple displays
?IILEGAL QUANTITY ERROR

IN

20

which indicates that the value was not within the proper range for
the function that was requested. The line number for the "error"
is provided in the error message. Negative numbers are also "caught"

in this way.
Srep 6

Restart the program and enter a value of 90. You should observe
a display of 01011010 on the lamp monitors. Now try and enter a
value of -24. When the error is detected, and the error message
displayed, does the displayed value change?

No. Error conditions are detected prior to any attempted use of the
POKE function. How do you think the Apple will handle fractional
numbers? Enter a decimal fraction, such as 6.01. What is displayedP

The Apple will "strip off'the decimal portion of the number. You
may wish to experiment with some other numbers, too.
Step 7

Can you write a short program that could be used to increment
a value from 0 to 255, displaying each new value on the LEDs?
Write your program in the space below, and test it. What do you
observe? Can you make the program loop back on itself so that the
incrementing counting is displayed again and again?

We used the following program:

t0 FORA:0TO255
20 POKE 49318,A
30 NEXT A
40 GOTO r0
Remember that you cannot go above 255, ot below 0, without generating an error message. You may wish to put a slort- time delay
in youi program so thafthe LEDs do not fash on and ofi so quickly.
An example of such a time-delay step is:

25

FOR

T

:

0 TO 500: NEXT T

You should see that it is fairly simple to construct an output port,
and to control it with simple software commands.
The output port will be used in the following experiment, but the
power may be shut off.

NO. 9
AND INPUT.PORT INTERACTIONS

EXPERIMENT
OUTPUT.PORT

Purpose

The purpose of this experiment is to show you how input-port
and output-port commands can be used in the same program.
Discussion

In many cases, input ports and ouQut portsvill be used lo-gethel
in interfabe circuits. Ttiey will be controlled by PEEK and POKE
commands within the same program, and there frequently will be
transfers of information between the ports. In this experiment, you
will observe how such ports may be used together in a simple circuit.
Srep I

The simple input port (Experiment No.7) and output port (Experiment No. 8) used previously will be used in this experiment'
We refer you to Experiment Nos' 2, 3, and 8 for the appropriate
circuit details.
Step 2

port and output port have been constructed, enter
Once the input
-pto!t"m
into your computer and run it. It is used to
the following
test the I/O port circuits.
r0

A:

20

POKE 49318,A

30

GOTO lO

PEEK(a9319)

n9

As you actuate the logic switches at the input port, you should see
the corresponding bits at the output port change, consistent with
the switch actions. If this is not the case, recheck your circuits and
your program.
Step 3

In this step, two values will be entered from the keyboard and
then displayed on the LEDs. At this point, you should be able to
write a short program to do this. Make an attempt in the space
provided:

We used the following program, in which a most-signiffcant byte
(MSBY) and a least-signiffcant byte (LSBY) were simulated:
l0
20

30
40
50
60

INPUT "MSBY ";A$:
INPUT "LSBY ".A$:

M

t :

:

PEEK(493I9)
PEEK(49319)

POKE 49318,M
INPUT A$
POKE 49318,1

GOTO r0

In this program, the string variable, A$, has been used as a "dummy"
variable to "stop" the computer so that you can perform the necessary actions before the program goes on.
Step 4

Run your program. You should be able to enter two values into
the computer. When you type RUN RETURN, the computer is
ready for you to set the MSBY on the switches. After you have done
this, press the RETURN key, so that the computer can perform the
data acquisition step. Then, set the LSBY on the switches and again
press RETURN. When the LSBY has been acquired, the MSBY will
be displayed. By pressing RETURN, you will cause the computer

to display the LSBY.

Step 5

This program shows how the computer can acquire and store values for later display. Eight bits of information are easy to manipulate. How could a number between 0 and 65535 be displayed on
two output ports?

These numbers would have to be'split" into an &bit MSBY and an
8-bit LSBY. Can you suggest how this might be done?

The number could be divided by 256 to get the MSBY as the integer
portion of the answer. For example, if we start with the number
10923:
to9?3l2s6

:

12.(sB

The integer portion of the result, 42, when converted into an 8-bit
binary number, would be the MSBY of the value. The LSBY can
also be calculated:

r@23-(42*256\:171
Here, the lTl must also be converted into its &bit binary equivalent
to be the LSBY.
A BASIC program can be written for the Apple to perform these
functions. Could you write it?
Step 6

We developed the following program to make the oconversion:"

IO INPUT "VAIUE "; V
20 M : v1256
30 t:v-lNr(M)*256
10 PR|NT |NT(M), L
50 INPUT A$
60 POKE 49318,M
70 INPUT A$
80 POKE 49318,1
90 GOTO l0
The MSBY and the LSBY will be displayed on the video monitor in
their decimal form. The INT command has been used to "strip" the
decimal fraction from the value for M, for clarity. This is not required for the POKE operation, since the decimal fraction will be
ignored.

Step 7

Enter our program, or yours, into the computer and test it. You
have to press the RETURN key to display the MSBY on the
LEDs, and you must press it a second time to display the LSBY.
Can you enter values greater than 65535? Can they be converted
and displayed?

will

will be converted, but you cannot
display them, since they will generate results that are greater than
256 in the MSBY. This generates an error condition. Can you do
anything to prevent this?
Yes, you can enter them, and they

You can add some steps to your program that will check the range
of the value before attempting the conversion. Steps can also be
added to remove arry fractional portions of the number. The following steps can be used:

12 lF V < : 65535 AND V > : 0 THEN 18
14 PRINT "VALUE OUT OF RANGE, TRY AGAIN":
18 V : INT(V)

GOTO

l0

You might want to try adding these steps to your program. Program
steps such as these prevent errors, and they orient the program
toward the user. Keep this type of programming in mind when you
write complex programs of your own.
EXPERIMENT

NO. IO

DATA TOGGING AND DISPLAY
Purpose

The purpose of this experiment is to show you how the input port
may be used to acquire information, and how the computer can
store this information for later display at the LEDs.
Discussion

In this experiment, a set of 10 data values will be acquired from
the three-state input port, and will be displayed on the LEDs at a
later time. More flexible display ideas will also be developed and
Iarger lists of data acquired.
122

Step I

The input port and outltut port described previously will be used
in this experiment. By now, you should be familiar with these types
of ports, but we refer you to Experiment Nos. 2, 3, and 8 for the
necessary details. If you have not performed these experiments, we
recommend that you do so before going on with this experiment.
Srep 2

In this experiment, you will use the computer to acquire and display a set oJ values that are acquired from the input port. While
these may be acquired with software steps such as:

50 INPUT A$
60 Q : PEEK(49319)
70 INPUT A$
80 R : PEEK(a9319)
this takes a great number of software steps to acquire a small amount
of information. Can you suggest an alternative?

A list of values can be acquired by using a loop, and an array can
be used to store the information, so that a new variable need not
be assigned to each new data value. Can you write a short program
that could be used to acquire 10 data points?

We used the following program, which should look somewhat Iike
yours. Note the use of an array to store the information.
t0 orM A00)
20
30

PRINT "START"

FORP:lTOl0
INPUT A$

40
50
60

A(r1

70

PRINT "START DISPIAY.

:

NEXT

Ps661aor,t,
P

. ."

80 FORP:ITOl0
90 GET A$
l0O PRINT A(P): POKE 49318,A(P)
IIO NEXT P
120

PRINT "END OF RUN": END

In this program, you must press the RETURN key to cause the
computer to acquire a value. When the computer prints 'START
DISPLAY. . ." on the screen, it will display a value that it has stored,
will also be displayed on
the LEDs in binary form. Note that a GET A$ command has been
used here, instead of an INPUT A$. Is there any difference?
each time you press RETURN. The value

Yes, the GET A$ command suppresses the question

mark (?), and

any character key (A, &, l, etc.) may be used in place of the RETURN key. The alphanumeric symbol is nof displayed. This "cleans
up" the display of the data values.
Step 3

Run either your program, or ours, to acquire I0 data values. Once
the values have been acquired, use the computer to display them.
What results do you observe?

You should ffnd that your values have been stored properly, and
that they are also displayed and printed on the video monitor. If you
do not require the values at the output port, could you modify the
program so that it only displays the values on the monitor?

Yes. Simply change

l0o

line 100 to:

PRINT A(P)

and remove line 90.
Step 4

The low-resolution graphics mode on the Apple could also be
used to display the values in graphical form. We suggest that you
attempt to use the HLIN command to draw a horizontal set of lines
124

that represent the relative values that have been input from the port.
Remember that there are limits on the dimensions of the screen area
for the HLIN command. These limits are 39 points in each direction.
Note your display program steps in the following space:

We used the following steps to generate a horizontal bar graph of
the information:
80 GRr COLOR : 5
90 FORP:lTOlO
roo e : 41p1/o.s

IIO

HIIN

I2O

O,D

NEXT

I30

AT

P

P

END

These steps were added to the program that we developed in Step 2.
Try your program, or the one shown here.
Inthis set of program steps, the data value has been divided by
6.5, so that instead of having a range between 0 and 255, the range
is "condensed" to be 0 to 39. The subscript for the array has also
been used to increase the starting position of each horizontal line.
The data starts at the top of the screen for A( 1), and proceeds down
the screen for the later data values. You could also use the value
of P to change the color for each of the horizontal lines.
Srep 5

Additional changes can be made to the program so that a timedelay routine is uied in place of the INPUT A$ command. This
*onid mean that data values would be obtained at deftnite intervals,
as programmed in the delay routine. You would no longer need to
th" RETURN key to have a new data value acquired.
-press
Change your program so that a time delay routine is used in place
of the INPUT A$ command at line 40. Make the delay fairly long,
about 2 or 3 seconds. Here is an example of a useful routine:

4

FOR

T

:

0 to 20O0:

NEXT T

Connect the logic probe to the ",{' output, pin 1, on the SN7402
xon gate. The acquisition of a data value from the three-state intzs

put port will cause the logic probe to fash the yellow LED. This
will tell you that a value has been acquired.
You may want to change your program to acquire more than 10
points. With the simple display routine, you can acquire up to
39 values.
Make the necessary changes to your program so that a time delay
is used to synchronize the acquisition of the data from the input

port. Run your program. You may want to increase the delay
that you can easily change the switches.
Your program should now look something like this:
l0 DrM A(r0)
20 PRINT "START"
30 FORP:lTOlO
40 FOR T : 0 TO 2000: NEXT
50 A(P) : PEEK(a%19)
60 NEXT P
70 PRINT "START DISPLAY. . ."
80 GR: COLOR : 5
90 FORP:lTOl0
r0o D : A(P)/6.5
IIO HLIN O,D AT P
I2O NEXT P
I30 END

so

T

Have you noticed that not all of your values cause changes in the
display? Try entering values of 0, 1, 2, 3, and so on up to 9. You may
need to slow down the delay, or to go back to the INPUT A$ command at line 40 so that you have sufficient time to make the changes
to the switches. What do you ffnd in the display when you enter
these numbers? Why?

The values 0-6 show the same value on the display, and the values 7-9
also show the same value, but one "square' greater than the previous
values,0-6. The reason for this is that all the values are "compressed"
to be between 0 and 39, so the resolution is cut from one-part-in-256
to one-part-in-40. Thus while the data has 256 discrete values, the
display only can accommodate 40 different values. The division of
the value by 6.5 "compresses" it to fft in the space available on the

display. You will also note that a value of zero still "lights" one
square on the video monitor. Unfortunately, the BASIC program
will generate one "lit" square for the command HLIN Q0 at X,
wherever X is on the screen.
The point of this experiment is that the computer can be used
to acquire information and display it, or use it, in many ways. The
126

input and output ports are simply additional ways of getting information into and out of the computer.
EXPERIMENT NO. I I
SIMPTE DIGITAT.TO.ANALOG CONVERTER

Purpose

The purpose of this experiment is to show you how a simple B-bit
digital-io-analog converter (DAC or D/A) can be interfaced to
the Apple.
Discussion

A simple D/A converter, the Signetics NE5OIB 8-bit converter,
will be interfaced to the Apple. Although we have not discussed
analog converters, they have been thoroughly described in Minrocomputer-Analog Corwerter Software and Harduare Interfacing
(Howard W. Sams & Co., Inc., Indianapolis, IN 46268). W_e refer
you to this book for additional information about these devices.
bther topics, such as sample and hold ampliffers, analog multiplexers and instrumentation amplifiers are also described.
Pin Configuration of the lntegrated Circuir (Fig.

OIGITAL GIIO
DBO (LSB)

Fig.

6-lt.
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chip
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os.

vcc

DA5

DAC Colrp.

o86

BIPOLAN OFFSCT R

oB7 (ISA)

-

V16p lN

.E

vggp OUT

NC

Vsg6 ADJ.

I
Two additional power supplies are required in this experiment,
*12 and -12 volts. They will be used to power the D/A converter
inte$dted circuit. Be sure that these power supplies are available,

Step

and that they are adjusted for the proper voltages before proceedin-g.
Wire the circuit shown in Fig. 6-12. The device-select pulse is ob-

tained from the SN7402 Non gate circuit that has been used in
previous experiments. The device-select signal is available from

DO

DATA

DI
D2
D3

8US

D4

NE

50t8

o5
D6
D7

DEVICE SELECT
for rimple

FiE. &12. tchemalic

D/A#".rlr.:

inrcrface, using NE5O|B D/A

point C (Fig.6-4), but it must be inverted before it can be used
by the NE50f8 chip. An SN7404 inverter chip may be used for this,
a_s shown tl Fig. 6-13. Wire this inverter circuii, too, connecting
the input of the,SN7404 inverter to pin 13 on the SN7402, and wiring
the ouQut of the SN7404 inverterio the ffi
input
on the NE50l8 converter.

sN7404
?
DEVICE SELECT

DEVICE SELECT

-tl
Fig. 613. Simplc dcvicc-:clect pulse-invcrtrr circuit.

At this point,_carefully chegk the *12 and -l2-volt power supply
connections to be sure that they are correct. If you are using siparate power supplies, you must be sure that there is a low-resistance
ground connection in common to all of them and to the breadboard.
Step 2

The NE5018 D/A oonverter will convert values between 0 and
0 and *10 volts. Since the 0- to lGvolt

255 to'voltages between
t28

range has been divided into 256 values, or 255 steps, the voltage in-

crement available is:

I0 volts/255 steps = 39 millivolts/step
You can probably write a short program that would increment an
&bit count and outtrtut it to the DA converter. Don't worry about the
internal operation of the D/A converter, iust treat it like an output
port. Your program will generate a slowly increasing positive voltage ramp. Develop your program in the space below:

We used the program:

l0 FORV:0TO255
20 POKE 43918,V
30 NEXT V
40 GOTO l0
A simple voltmeter or volt-ohm-milliammeter (vom) may be used
to monitor the voltages. Connect the meter between ground and the
NE5018 VDAC output (VDAC is positive). Try your program. Does
the voltage increase slowly? What happens when the voltage reaches
about +10 volts?

The voltage increases slowly to *10 volts. When it reaches this
value, it quickly changes to zero volts, or ground, and it starts to
increase slowly once again.

You can slow the voltage ramp by introducing a short time delay
routine in your program. We used the following:

25

T

FOR

:

O TO 100: NEXT T

Srep 3

Develop a program that will generate a negative-going ramp, and
one that

will generate a triangular ramp (slow-up then slow-down).

We used the following programs:
Negative ramp

lO

FOR

V:

255 TO 0 STEP

-l
I2I'

20 POKE 49318, V
30 NEXT V
40 GOTO l0
Triangular outpul

l0 FORV:0TO255
20 POKE 49318, V
30 NEXT V
40 FOR Y : 254 TO I
50 POKE 49318, V
60 NEXT V
70 GOTO r0

STEP

-l

You may wish to try either of these programs, or the ones that
you wrote. Why is the range in one of the triangular ouq)ut loops
254 to I instead of 255 to 0?

If the range is 255 to 0, these two values will be output twice, although you probably couldnt tell the difierence on the meter. A
time delay, or delays, may be useful in these programs.
Srep 4

Since you know that the voltage from 0 to 10 volts corresponds
to steps from 0 to 255, can you write a program that would allow
you to enter a voltage from the keyboard and that would generate
this voltage on the meter? Use the following space for your program:

We developed the following program, which you may wish to try:
IO

INPUT "VOLTAGE ";V

30
40

GOTO

2O R:V*25.5

POKE 49318,

R

l0

Step 5

Try your program, too. Does it generate a voltage from the D/A
converter that closely matches the voltage that you entered? Our
program seemed to work well, considering inaccuracies in the meter.
This program does not have any'error detecting" steps, so you can
also try and generate a *l&volt signal from the converter. What do
you think will happen? Will the converter burn out?
t30

The converter will not burn out, since it can only accept an &bit
value, which corresponds to an output of *10 volts. The "15" input
for 15 volts will cause an ILLEGAL QUANTITY ERROR since we
are trying to transfer the value 382 to an 8-bit device. It just cant
be done with eight bits.
Step 6

At this point, you should be able to write a program that will allow you to enter an upper voltage and a lower voltage, and to have
the Apple generate a triangular wave between them. Use your best
programming skills.
We used the following program:

IO INPUT "UPPER VOITAGE"; H
20 lF H (: I0 AND H ): o THEN 40
30 PRINT "VOITAGE OUT OF BOUNDS": GOTO l0
40 INPUT "LOWER VOLTAGE"; L
50 IFL(:l0ANDt):o
60 PRINT "VOLTAGE OUT OF BOUNDS": GOTO 40
70 IFH>LTHEN90
80 PRINT "UPPER V MUST BE HIGHER THAN IOWER V": GOTO
90 H=H*25.5:L=t*25.5

l0

100 FORV:LTOH

ilo

PoKE 49318, V

I2O NEXT V
130 FOR V : H-l
140 PoKE 49318, V
I5O NEXT V
160 GoTo 100

TO

L+l

STEP

-l

Run your program and test it. You should be able to make the meter
needle "swing" between the upper and lower voltages' You may use
a time delay, or delays, if you wish to slow the meter movement so
that you can easily watch it.
This experiment clearly shows you how a simple D/A converter
may be interfaced to your computer. The NE5018 used internal
latches, and much of the analog circuitry has been placed on the
converter chip. D/A converters ftnd use in applications that require
the computer to control voltage-dependent devices, such as servo

motors, ampliftg15,

g1a.

You will not use the NE5018 D/A converter again, so you may
remove it from your breadboard. The SN7402 uon gate chip should
be retained, but the SN7404 inverter may be removed. Power may
be turned ofi. Carefully remove the connections to the *12- and

-l2-volt power supplies, so that they will not come in contact with
any of the circuits.
R(PERIMENT

NO.

12

oUTPUT PORTS, BCD, AND BTNARY CODES
Purpose

The purpose of this experiment is to explore the use of an SN74LS373 chip as an output port.
Discussion

Newer integrated circuits, such as the SN74LS373 octal latch, are
available to simplify the task of output-port construction. In this
experiment, you will construct an 8-bit output port using one of
these chips, and the use of binary-coded decimal numbers will be
explored.
Pin Configuration of the lntegrated Circuir (Fig. 6-la)
vcc m
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Fig. 614. SN74t3373 octal latch chip pin configuration.

Step I

Wire the eircuit shown in Fig. 6-15. You may use output "C,"
pin 13, on the Non gate circuit shown in Fig. 6-4 as the 'G" input
to the SN74LS373 chip. If this Non gate circuit is not wired on
your breadboard, refer to Experiment No. 2.
Step 2

Note that the SN74LS373 chip has two control inputs, G and OC.
The G input controls the latch, and the OC input controls the latch
outputs, which are three-state. Thus, the latch may be used not only
to obtain information from a bus, but to pass it on to another bus,
as well. The relationships of the signals are shown in Table 6-3.
t3:l

DO

.D7

5
6

I

DATA

t3

BUS

LAMP

9
t?

MONITORS

t5

t7
t8

DO

o

t6

t9

oc
sN74LS373

G

Fig.

6t5. Using !iN74US373 ooal larch chip ar output port.

fcble 6-3. Control Signol lruth lcble for the

5N74tS373

Outpul Control

Enable (G)

Dala

Oulput

L

H

H

H

L

H

L

L

L

H

X

x
x

t

Qo

z

When the Output Control (OC) signal is a logic one, the outputs
have been disabled, or placed in the high-impedance state (HI-Z).
When the enable or Gating input (G) is a logic one, the information present at the D inputs is passed through the latch circuits to
th" Q outputs. This is the same type of operation that was observed
for the SN7475 latch chip.
In this experiment, the OC input should be grounded (logic zeto),
so that the outputs are always enabled.
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Once the outtrlut port has been wired, test it by writing a short
program that will take values from the keyboard and display them
in binary at the output port. A binary incrementing-count program
can also be used to test the port. You should be able to write programs such as these without any further assistance.
Slep 4

Enter the following program into your computer and run it.

lO FORC=0TO255
z) PoKE 49318, C
30 FOR T = O TO 500: NEXT
40 NEXT C
5{t

T

GOTO l0

r33

What do you observe at the LEDs?

You should see a slowly incrementing binary count. You may increase the Iength of the time delay at line 3Q if you wish.
Now that the LEDs are displaying an increasing binary count,
carefully remove the connection between the OC pin, pin i, on the
SN74LS373 chip and ground. What happens to the display, or
LEDs? When you replace this connection, what do you observe?

In our set of LEDs, all of the LEDs became unlit when the

con-

nection was removed. When the OC input pin was again grounded,
the count was found to be continuing. The Output-Control signal
dld rwt affect the counl. Even though the oudruts were disabled and
plac-ed into their high-impedance state, the counting continued, and
the latches were "updated" with new information by the computer.
In our sy,stem, the high-impedance state of the outputs caused the
LEDs to be turned off. This may be difierent from your observations,
but you should see that the latch outputs change dramatically when
the OC input pin is not at ground.
The SN74LS373 chip is called a three-state octal latch chip, since
it has three-state outputs on eight Iatch functions. This chip is particularly useful in computer inlerface circuits, since it coniains all
eight latches,,and since its outputs may be placed in the high-impedance state. The SN74LS373 can be used in complex interfaces that
are connected to several different computer buses. In fact, the SN74L5373 could be used as part of a communication circuit that could
link two or more computers.
Step 5

Now that you have another input port wired on your breadboard,
we will use it to further explore some of the manipulations that can
be performed by the Apple. In past examples, *e have used the
computer to control an incrementing birwry count. This is not the
only code that is in digital electronic equipment. Another popular
code is the binary-coded decimal format, in which decimal digits
are each assigned their own binary code, independent of the other
digits. Of course, this soflr is still *binary," in the sense that only
two states are possible for each bit. For example, the decimal number 9530 would be represented as 10Ol 0l0l 0011 0000 in binarycoded decimal, or bcd. Note the separation between each set of
four bits. One set of four bits is used to represent the decimal digit
134

for each decade. The bcd code is used in many electronic devices,
and is used to control seven-segment displays and other decimally
oriented devices.
We would like you to try and write a program that will'tplit" a
number into its bcd equivalents. The output port will be used to
display the difierent groops, two bcd digits at a time. The ten s and
one-'s bcd digits should be displayed at the output port ffrst, followed
by the thousandk and hundred s bcd digits. You may use the RETURN, or other key to "stop" the computer between displays of
the digits.

We used the following program:

IO INPUT "VAIUE "; A
20 rF A < 10000 THEN 30 EtsE l0
30 GOSUB 1000
40 POKE 49318, A+c
50 GET A$:A : B
60 GOSUB 1000
70 POKE 49318, A+C
80 GOTO r0

B:0:C:O
lF A > 99 THEN ll00
IO2O IF A < IO THEN RETURN
lO3O C:C*16:A:A-lO

lO0O

toro

t(Xo GoTo

1020

ll(X' A:A-l0O:B:B*l
nto GoTo l0lo
In the subroutine, the variables are A, B, and C. In this case, the
A represents the decimal value to be converted to bcd (the starting
nalui;, B represents the "hundreds," while C represents the "tens."
t35

At the end of the subroutine, A represents the units, or "ones." you
could have used a new variable for this pu{pose, if you wished.
In some cases, it may be diftcult for you to remember that you
are tricking the App_le into generating bcd values for you, since you
a-re really interested in the bharg codes that are being outtrlut to
the port. Thus, while you have tricked the Apple intJoutfutting
the-binary_pattern 10011001, which represents 00 in bcd, the Apple
really thinks that it is outlrutting a decimal 153, which is the number that causes the binary pattern, 10011001, to appear on the LEDs.
There are many different ways in which yoo can 'Tooli' the computer into working with odd codes, or codes that do not match the
ones

that it normally

uses.

If you are going to go on to further

experiments, you may want
to leave the SN74LS373 output port on your breadboard. However,
if you already have anotfrer output port already available, the SN74L5373 circuit may be removed. Power may be turned ofi.
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Purpose

The purpose- of this_ experiment is to show you how the Apple
computer may be used as a controller in a real application.
Discussion

While the control of a trafic light may not seem like a realistic
problem for us to tackle with the computer, it does illustrate the
ability of the computer to make deciiions and control external
events.

Step I

AnB-bit output port will be used in this experiment. If you have
one already connected to your computer, you can use it as long as
it can control some LEDs. If you have completed one of the output
port experiments, you may use one of the outtrlut port circuits used
in the experiment. If you need to construct an output port, we refer

you to Experiment No. 8.
_ Lamp monitors or individual LEDs may be used to simulate the
lamps of the traffic light. Only six LEDs are needed, since the northsouth and east-west lamps would be the same, with a red, yellow,
arrd green lamp for each. We used colored LEDs and we adopted

the following convention:

BII
D0
Dr
D2

LED
RED 'l
YELtOw I Erl
GREEN J

BIT
D3
D4
D5

tED

RED I
I

YELLOW

GREEN

MA|N

-J

Srep 2

You must now determine the patterns of logic ones and zeros that
are required to turn the individual LEDs on or off. In our circuit,
the latch chips were used to drive the LEDs directly, and a zero
turned a LED on, while a one turned a LED off. What values are
you going to use to turn the various LEDs on and off?

We found that the following binary values were needed. The decimal equivalents have also been provided for you.

ELM Red zil 1[llrtO
ELM Yellow 253 lllfll0l
ELM Green 251 lfflfOl

MAIN Red 247 11110111
MAIN Yellow 239 11f01111
MAIN Green 223 11011111

Step 3

To start the traffic-light control operation, write a program that
will flash the yellow light on Main Street and the red light on Elm
Street; one second on and one second off. What is the "on" pattern,
and what is the "off' pattern?

The off pattern is 255, or all logic ones, while the on pattern has
bits D4 and D0 both as logic zeros, or 23810. We used the following
program:

r0
20
30
40
50

PoKE 49318,255
FOR T
0 TO 770: NEXT T
POKE 49318,238
FOR T
0 TO 770: NEXT T

:

:

GOTO r0

Srep 4

Determine the lamp patterns that will be required for normal
traffic light operation. How many are used? What are they? How can
they be stored in the computer?

There are only four patterns. They are (a) red on Elm, green on
Main (222), (b) red on Elm, yellow on Main (238), (c) green on
Elm, red on Main (243), and (d) yellow on Elm, red on Main (245).
The values could be stored through the use of DATA statements,
subscripted variables, or iust as variables, one per lamp pattern.
Srep 5

In the remainder of this erperiment, we will assume a "yellow
period" of two seconds. Thus, if Elm Street is on a l0-second period,
the green light will be on for l0 seconds, followed by a 2-second
yellow, before the signal goes to red.
Write a program that will allow you to sequence through the
light patterns, with a &second period on Elm and a lGsecond period on Main Street.

We used the following program:
l0 M:10:E:6:P:49318
20 DAIA 222, 238, 243, 245
30 READ I
40 POKE P,L
50 FORR:ITOM
t38

60
70
80
90

FOR

:

T

NEXT

R

READ

T

O TQ 77Oz NEXT T

POKE P,!

100 GosuB t000
I

IO

READ

I.

I2O POKE P,t
130 FORR:ITOE
140 FOR T : O TO 770: NEXT
I5O NEXT R
160 READ L
I7O POKE P,t
180 GosuB 1000

I90

RESTORE

200 GoTo
l00O

lOlO

T

30

FORR:lTO2
FOR T : 0 TO 770: NEXT

T

IO2O NEXT R

Iq]O

RETURN

Srep 6

While the program listed in the previous step will operate correctly, many of the steps are repedtive. Could you suggest a new
program that could be written in a simpler way? How would you
simplify the program?

In the program in Step 5, the only changes in the four basic sections
of the program are to the time delays and the light patterns. By using an array of values, one simple loop may be used. We found that
the following program worked well:
lo A(rl

:
:

222: A(2) : 239, A(3)
= 243: A(11
o: M(2) : 2: M(3) : G M(4) = 2

20
30

M0)

50

FORQ:lTO4

70

FORR:tTOM(a)

&

&

g)
90

r(I)

INPUT
INPUT

=

215

"MAIN DETAY "; M(l)
"EtM DETAY "; M(3)

POKE 49318, A(Q)
FOR

T

:

0 TQ 77Oz NEXT

T

NEXT R
NEXT Q

rlo @TO

50

t39

In this new program, the A array stores the light patterns, while the
M array stores the time intervals.
Srep 7

So far, the computer has served only as a sequencer, generating
the proper lamp patterns and time delays. In this step, some control
steps will be added to the traffic-light control program.
The traffic on Main Street is usually heavy, so the normal mode
for the traffic light should be green on Main and red on Elm. The
program should be able to detect a single car waiting on Elm, so
that it may be given the green light. However, Main Street must
be given at least 30 seconds of "green time," before any cars are
sensed on Elm Street. This means that every car waiting on Elm
Street will not automatically trigger a green-on-Elm sequence. To
make things even more interesting, there is a sensor on Main Street,
too. If ffve or more cars are waiting on Main Street at a red light,
Main Street will be given the green light, and the cars on Elm will
have to wait.
In order to program this, you may wish to draw a simple flowchart
of the problem. An input port could be used to simulate the two road
sensors, but to teach you a bit more about the Apple, the keyboard
will be used instead.

The keyboard uses two memory addresses for control. Address
the keyboard data, and address 4916B is used as a
fag-clear pulse output.
Enter the following program into your computer and run it:
49152 contains

2O0O PRINT PEEK(49152)r GOTO

2O0O

Press some of the keys on the keyboard and note what happens on
the display. What do you observe?

There is a new decimal value displayed whenever a new key is
pressed, and the value continues to be displayed until a new key
is actuated. Thus, the information at input port 49152 represents the

code of the last keg that was pressed.
Srep 8

We would like to have the computer rnput a value from the keyboard input port only when a key has been pressed. To do this, you
must use the keyboard flag bit, which is bit D7 at input port 49152.
If this bit is a logic zero, all values from this port will be less than 128.
If this bit is a logic one, the values will be 128 or greater, up to 255.
I /rO

Thus, by testing the value input from the input port, you can determine if a key has been pressed. Of course, after a key is 'detecte4"
you must reset the fag bit, with a read operation to address 49168.
Enter the following program into your computer and run it:
2000 lF PEEK(49152) ):
2010 Z : PEEK(49168)

l2e

THEN PRINT PEEK(49152)

2020 GOTO 2000

Now press some of the keys, one at a time. What is displayed? Is the
decimal code for each key displayed as you press it?

You have probably found that some keys are "missed," once in a
while. Since the keyboard fag is cleared during every pass through
the loop, it is possible to have the Apple clear a keyboard fag before
it is detected. You would really want to have the fag cleared only
after a key has been detected.
Step 9

Write a short keyboard control program that will detect every
key, only once, and print its decimal equivalent.

We used the following program that constantly checked the keyboard, but which only printed a character when the flag was set,
and only then cleared the keyboard fag.
2OOO rF PEEK(49152) < r28 GOTO 2000
2O1O PRTNT PEEK(49r52)
2O2O

Z:

2030

GOTO 2000

PEEK(49I68)

Note that the variable,Z, is a dummy variable, provided simply so
that the keyboard fag may be cleared with the PEEK(49168) command.

If you want to use the decimal value for a key, without the fag
big simply subtract 128.
Step lO

Write your traffic-light controller program and test it, using the
'E" key as the Elm Street sensor, and the "M" key as the Main Street

sensor. Of course, you will have to determine the corresponding key
codes.
We used approximately lO-second periods, for test purposes, with
2-second yellow periods. The program that we used is listed for you:

l0 A:0:P:49318
20 POKE P,222
30 FORR:0TOl0
40 FOR T : O TO 770; NEXT T
50 NEXT
55 Z : PEEK(49168)
60 lF PEEK(,19I52) : 197 GOTO 8O
70 GOTO 60
80 z : PEEK(49I68): POKE P,238
90 FORR:lTO2
l@ FOR T : 0 TO 770: NEXT T
IIO NEXT
R

R

120 PoKE P, 243
130 FORR:0TO1000

150
I7O

:

r80

lF PEEK(4e152)
NEXT R
GoTO 2rO

2OO

IFA<5THENI7O

19O Z

2ro

:

PEEK(49168):

205 THEN l9O

A : A*l

PoKE P, 245

220 FORR:lTO2
230 FOR T : 0 TO 770: NEXT T
24O

NEXT

250

GOTO

R

l0

You should note that the keyboard fag is reset before it is tested at
line 60. This clears any keyboard entries that are made during the
ftrst lO-second period. You can remove this step, if you want the
Elm Street sensor to 'iemember" any cars that trip it during this
period.
The flag-detecting step at line 150 has been embedded in the overall timing loop. This means that the fag is always being checked,
and that these fag-detecting steps must be ffgured into the overall
delay period. You can do this by testing various values of the delay
constant at line 130.
There are many other things that this program could do. For example, many intersections have pedestrian control signals, left-hand
turn signals, fashing lights, and other special features. You could
make the program as complex as you wish. In this situation, the
timing is not particularly critical. It wouldn't really matter if the
cars had to wait an extra second or two while a fag is tested. However, periods of 10 or 20 seconds could be annoying to drivers. Keep
this in mind as you program. In some cases, the time requirements
will be so strict, and the time periods so short, that assemblyJanguage programming is dictated.
t4:t

The six LEDs should be removed from the breadboard, but the
output port should be retained, since you will use it in the next experiment. Power may be turned ofi.
EXPERIAAENT

NO.

T4

TOGIC-DEVICE IESTER
Purpose

The purpose of this e4reriment is to show you how the computer
can be used to test an electronic device. In this case, simple gates
are used.
Discussion

Most logic chips that contain gates may be tested by applying
known logic levels to their inputs and then comparing the outputs
with the truth-table for the device being tested. In this experiment,
the computer will be used in such a manner. One input port and one
output port are required. Various devices, such as SN7400, SN7402,
SN740B, etc., may be tested. The test is a functional test, and not
a test for dynamic properties, such as switching time, propagation
delay, and other parameters.
Srep

I

will need to construct an input port and an output port for
in this experiment. You should be able to cons.truct such ports
without further assistance. Many of the previous experiments have
detailed this for you. You may wish to use an SN74LS373 chip as
You

use

QUAD 2-INPUT NAND
DO

0t

FROM
OUTPUT
PORT

D2
D3

Dl

D4
D5

D2

D6
D7

D3

To
INPUT
PORT

Fig. 616. Schematic for rhe SN74O0 NAND gate test circuil.

the input pod. When these ports have been constructed and tested,
go on to the next step.
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The test conffguration for an SN7400 Nevo-gate package is shown
in Fig. 6-16. For the pin conffguration of other chips, we refer you
to Fig. 6-17.

sN7410

28

sN7430

sN7486

Eig.617. Pin configurations of sone standard gates.

Wire the test circuit as shown in Fig. &16. Remember to connect
the *5-volt and ground inputs to both the interface chips and to the
circuit that is to be tested. The unused inputs at the input port should
be grounded.

ltu

You should be able to develop the truth tables for the various
gates shown in Fig. 6-17, starting with the wervo gate. For a twoinput gate, there are only four combinations of inputs. How many
combinations would there be for four gates in a single integrated

circuit package?

Possibly you said 16 combinations, four for each of the four gates,
256 combinations, the number possible with eight binary inputs.
Actually, there are only four meaningful combinations, since all of
the gates are tested at the same time. Knowing that one gate is bad
for one particular combination of inputs does not serve much purpose. If one gate is bad, then the entire "package" is bad.

ot

Step 3

What are the four combinations of eight bits that will be used at
the output port to test the Nem gate? You should write down both
the decimal and binary values for these numbers.

Our values were:

00 00 00
or or 0l
lo l0 r0
ll

ll

ll

00

0l
ro

lI

:0
:85
: l7O
: 255

Since the outputs have been crnnected to input bits D3-D0, we
would expect them to be all ones or all zeros, that is 0 or 15, depending upon the test pattern. To'remove" the unused bits, D7-D4,
we have grounded them. What will they be vrhen they are input?
Will this afiect the results? Can you suggest another way of ie-

moving" these bits from the test data?

The bits will be input as logic zeros, and they should not affect the
data. If the bits are not grounded, a logical ewn operation could be
used to mask them. The assemblyJanguage subroutine could be
used.
Step 4

Develop a short program that will test the NeNo gate that you
have interfaced. Your program may closely resemble the traffic-light

c_ontrol p{ogram shown

does not have

in Experiment No. 13, Step
to be very complex.

G.

The program

The following program worked quite well in this application:
l0 r(l)

:

:

0. r(2)

:

15. R(2) :
FOR S :l TO 4

R(l)

20
30
40
50
60
70

s5. r(3)

:

15. R(3)

l7G r(4)

:15:

R(4)

:

25s

=9

POKE 4e318, T(S)

rF PEEK(49319)

<>

R(S) THEN l0O

NEXT S
PRINT "TEST OK": END
PRINT "FA|[URE": END

100

Step 5
Since the pin conffgurations for the SN7400, SN74O8 and SN74B6
are equivalent, that is, inputs and outputs are at the same positions
on th9 chips, could a generalized test program be developed for
them? How?

Yes, a generalized test program could be developed so that the user

could enter the device name, while the computer set up the appropriate truth-table information to be used in the tests. The truth tables are provided in Table 6-4.
You should note that the test patterns are all the same, only the
results change.
We used the following test program:
loble

6-4.

sNzoo

ABOUT
o0l
0ll
l0l
ll0

lruth

Tobles for rhe NAND, AND, and EXOR Gores
sN7408

ABOl'r
000
ol0

roo

ltl

sNza6

ABOUT
000
0ll
lor
lr0

IO INPUT "TAST TWO DIGITS ";A$
20 lF A$ : "0O" THEN 200
30 lF A$ : "08" THEN 3@
40 lF A$ : "86" THEN 40O
50 PRINT "TEST NOT AVAILABLE": GOTO t0
60 T(l) : 0: T(2) : 85: T(3) : t70: T(41 :
70 FORS:lTO4
80 POKE 49318, T(S)
eo rF PEEK(4e3le) <> R(S) THEN I2O

IOO

ll0

I2O
20o

2ro

3oo

3r0

40O

410

NEXT S
PRINT "TEST OF SN74";A$;" OK":END
PRINT "FAILURE": END
15' R(4)
15: R(3)
15' R(2)
R(l)
Goro 60
g' R(2) 9' R(3) s' R(4)
R(l)
GoTo 60
g' R(2) 15' R(3) 15: R(4)
R(l)
GoTo 60

:

:

:

:

:

:

:

:

:

:

:

=

255

g

l5
0

The last two digits that are requested by the program are the last
two digits in the device number; that is, 00 for SN7400, 08 for SN7408, and so on. If several SN7400, SN7408 or SN7486 chils are
available, you may wish to test these devices. You mqy wish to remove an input or an output connection to simulate a fault to check
the interface and your program.
Slep 5

It

should also be possible for the computer to test logic devices
such as fip-fops and counters. If you are familiar with the SN7493
4-bit binary counter, you may wish to try the following steps. If not,
you
may ffnd it worthwhile to read through these steps. - ^' The
pin conffguration and schematic diagram for the SN7493
counteiare ptorrided in Fig. &18. In order to test this device, the
counter outputs must be available to the computer, and the computer must 6e able to reset and clock the counte-r chip.-Wervill not
ty to test the counter exhaustively, but we will test the ability to
reset the counter, and the counting function.

Fig. &18. SN7493

{-bil counter

pin conftguration.

Srep 7

Wire the SN7493 counter as shown in Fig. 6-lg. You will need to
use the input port and the output port from the previous steps in

this experiment. You will also need two Non gaies, as shorv-n in
Fig. 6-19. A single SN7402 chip will provide these gates. Do not

-GROUND

INPUT BITS D7.D4

Fig. &19. Test circuit schernaric u:cd to check SNZ493 counter chips.

substitute an sN74L93 co'nter for the sN74gg. Remember to ground
the unused inputs on the input port.
Step 8

write a short test program that will exercise the reset function
on the_counter, and one that will test the ability of the computer
to clock the counter and increment its count by one.

We used the following program:
IO
20

30
40
50

60
70
80
1000

l0l0
t48

POKE 49318,0
rF PEEK(49319)
0 THEN l00o
PRINT "RESET TEST OK"

>

'FORC:lTO15

POKE 49317, O
rF PEEK(49319)
C THEN l0lo
NEXT C
PRINT "COUNT TEST OK": END
PRINT "RESET FAIIURE":END
PRINT "COUNT FAII-URE AT "; G END

<>

The program ffrst tests the reset and then starts the necessary tests
to test the ability of the chip to increment its count by one for each
pulse that is received at the INP A pin.
Step 9

This program does not test all 16 counter states. The last count
from 1111 to 0000 is not tested. Could you change the program to
take care of this?
should not be difficult for you to add the ffnal test to the program.
There are several ways in which you could do this. Here is one:

It

90 POKE 49317,0
r0o rF PEEK(4931e) <> 0 THEN lOI0
ll0 PRINT "COUNT TEST OK": END
case, a ffnal count has been generated and the 'wrap-around"
count from 1111 to 0000 has been tested.

In this

The output port will not be used again, so you may remove it
from your breadboard. The input port will be used again. The power
may be turned ofi, since the program will not be used again.
EXPER.IMENT

NO.

15

SIMPTE FTAG CIRCUITS

Purpose

The purpose of this experiment is to demonstrate the construction
and use of simple fag circuits.
Discussion

Flags are signals that are used by the computer and I/O devices
so thal their operations are synchronized. Flags are commonly used
to indicate one of two possible conditions, ready/busy, full/empty,
hot/cold, and other combinations that relate the conditions of an
interface to the computer. Experiment No. 6 illustrated the use of
input ports to transfer nonnumeric information to the computer.

This experiment will develop this concept further. An 8-bit input
port is required in this experiment.

l0

Fig. &20. 5N7474 dual D.rype

f,ip4op chip

pin configuration.

Step I

you should be
, An input port will be required in this experiment.
able to construct an input-port circuit without further instructions.
Many of the previous e:rperiments have detailed the construction
of such ports, and we recommend that you use one of these circuits.
Once your input port has been wired and tested, go on to the next
step.
Srep 2

On9 of the previous_ experiments investigated the use of simple
fag inputs. This experiment will use fip-fop
circuits in place of the mechanical switches or jumper wires. Wire
the circuit shown in Fig. 6-21.
A jumper wire should be used as the connection between *5 volts
arrd the clear input, pin 1, so that you can clear the fag by moving
the wire from *5 volts to ground and then back to +E vohs. The
pulser _circuit may be a pair of cross-coupled Ner.rn gates, or an
equivalent circuit that will generate 'cleant noise-free -logic transi
tions. This type of function is described in the appendix.
switches as sensor or

+5

GND

DO TO

Fig. &,21. Sirnph f,ipfiop-bascd fiag circuir.

INPUT

Sfep 3

How would you program the computer so that the logic state at
bit D0 of the input port could be monitored? Assume that there are
two possible conditions :( a ) the other bits are grounded ( logic zero) ,
or ( b ) the other bits may be used for other flag inputs.

If the other bits are grounded,

then the value from the input port

will be zero when the flag is cleared, and nonzero when it is set.
If the other bits are used for flag inputs, then the "unwanted" bits
must be masked. The masking operation uses the logical AND operation, so an assembly-language subroutine would have to be used.
Step 4

In this

case, you

will enter the

assembly-language program that

is used to perform the eNo operation on two data bytes. Follow these

steps to enter the program:

l.

CALL -I51 and press the RErespond with an asterisk ( * )
The
should
TURN key.
Apple
when it is in the Monitor mode.
2. Type 0300:00 00 00 48 AD 00 03 2D 0f m BD 02 03 68 60 Leave
a space between the two-digit groups as shown. Use 00 for the
ffrst three values in the program.
3. Press the RETURN key, type 02FF and press the RETURN
key three times. Now, check the data shown on the display
with the information that you entered.
Press the RESET key and type

To test this assembly-language routine, you may use the following program. Since the exn operation will use binary numbers, you
will have to convert your test numbers into binary so that you can
check the results.
l0OO POKE 10,76: POKE 11,03: POKE 12,03
'l0l0 INPUT " MASK BYTE ";M: POKE 768,M

1020

If

"iD: POKE 769'D
PRINT '?NSWER "; PEEK(77O)

INPUT ". DATA BYTE

lO3O Q = USR(O):
1040 Goro l0l0

the program does not provide the proper results, re-enter the
Monitor mode and check the data bytes that you have entered.

You should realize that the POKE commands in line 1000 are used
to set up pointer address bytes so that the USR command can "locate" the assembly-language subroutine that you entered. We refer
you to Chapter 4 and to Experiment No. 7 for more information
about this type of assemblyJanguage subroutine use.
Slep 5

Now that you have entered the assembly-language program that
ir" it io test the

will aun two bytes to yield an 8-bit result, yo" *itt
flag bit. What would you use as the mask byte?

Since the flag is being input to the computer at bit D0, only the
least-signiffcant bit ( LSB ) would be oset," so the mask wouid be
000000012, or l1s. The mask byte is placed in address 768, as you can
probably tell from the test program in the previous step.
Step 6

Write a short program that could be used to test the fip-fop flag
circuit. The Apple should print a '0" if the fag is cleared, or a "1"
if the fag is set. You can reset the flag manually by moving the
jumper wire that connects fip-fop pin I and *5 volts so that pin I
is momentarily connected to ground.

We used the following program:

l0 POKE 10,76: POKE ll,3: POKE
20 POKE 768,1
30 POKE 769,PEEK(49319)
40 Z = USR(0)
50 lF PEEK(770) : 0 IHEN 8o
60 PRINT "I"
70 GOTO 30
80 PRINT "0"
90 GOTO 30

12,3

This program seemed to work very well. Could you inverf" the
program so that a logic 0 would be sensed as the on condition, and
so that a logic one would be sensed as the ofi condition?
152

Yes. Simply reverse the commands at lines 60 and 80. You can easily

'invert" the sense of a fag in software.
Srep 7

In this step, you will use a short program that will count the
number of times that the flag is set. Again, the assembly-language
subroutine will be used. You may wish to add another pulser circuit
to provide the fag-clearing operation to replace the jumper wire
between pin I on the SN7474 and +5 volts.
Enter the following program and run it:
l0

POKE 10,76: POKE

20
30
40
50
60
70

POKE 768,1

z:

80

GOTO 40

HOME:

C

:

ll,3:

POKE 12,3

O

POKE 769, PEEK(493r9)
USR(o)

lF PEEK[/7O)

C

: C*l:

:

0 THEN 40

HTAB

l:

VTAB

l:

PRINT C

Be sure that the fip-flop is cleared before you test the program.
With the progmm running, actuate the pulser and set the flip-fop.
What do you observe? Is this what you expected?

We found that the count started as soon as the fip-fop was set, and
that it continued for as long as the fag remained set. Clearing the
ftp-fop stopped the count. What we really wanted was one count
each time the flip-flop was set.
Why didn't this happen as expected? The set state of the flip-fop
continued to be tested and detected by the program. We could not
reset the fip-fop fast enough by hand to stop the counting at one
count per pulser actuation.
Srep 8

In most computer

systems,

the computer, or the fag-containing

device clears the fag after it has been detected. To allow your interface to clear the flip-fop, add the circuit shown in Fig. 6-22. You will
need an SN7402 r.ron-gate chip. Be sure that you wire the *5-volt
power supply to pin 14, and ground to pin 7, on the SN7402 chip.
Since the Non-gate circuit will provide the reset signal for the fip-

4e11"8

TO SN7474 PIN

1

WR

Fig.

6-.22, Sirnple

fiag-clearing circuit schematic.

flop, be sure that you remove the wire that was used to connect +5
volts to pin I on the SN7474 ftp-flop.
The circuit shown in Fig. 6-22 will allow you to clear the fip-fop

with a POKE 49318 command.
Modify your program so that line 65 is added:
65

POKE 49318,0

When this command is executed, the fag will be cleared. Since you
may not know the state of the flag when you start the program, you
might want to add a fag-clearing command at the start of the program, too. Now run the program. When the flag is detected, the flag

is immediately cleared. Then the count is incremented and

dis-

played.
One of the beneffts of using this type of flag, and using the assemblyJanguage subroutine to check the flag, is that you do not "staf'
the computer waiting for a fag, unless you want to. Thus, you can
write a program to check for a flag.If the fag is not present, the
computer goes about some other task. If the flag is set, the device
associated with it is serviced, and the computer then goes on.
The BASIC interpreter in the Apple has a flag-checking command
called WAIT. This command may be used to test for a fag, but if
the flag is not found, the program continues to wait for it, and it
cannot do anything else. If a program "hangs up" waiting for a flag
that never occurs, you must press the RESET key to re-establish
control of the Apple. We refer you to Basin Programming Refererrce

MarunI for the Apple for more information about the WAIT command. This command does not incorporate any fag-clearing commands.

A

EXPERIMENT NO. 16
SIMPTE ANATOG.TO.DIGITAI CONVERTER

Purpose

In this experiment, you will interface an 8-bit analog-to-digital
converter to the computer. Several different types of measurements
will be made.
Discussion

There are many applications for analog-to-digital converters, or
converters in computer systems. The A/D converters allow the

A/D
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computer to measure analog voltages such as those that would arise
from various signal sources and transducers. In this experiment, a
simple B-bit A/D converter will be used. The converter is a National
Semiconductor ADC0B04-type converter. This converter has threestate outputs, so it can be interfaced directly to a microcomputer
data bus without difficulty. However, the three-state outputs have
an access time that can be as long as 200 nanoseconds. Thus, if you
attempt to use the ADC0BM A/D converter on your interface breadboard, you will ffnd that the additional time required to actuate the
bus interlocking circuitry to turn the data bus around for input will
be too long. The data from the converter will be "missed" by the
computer.
In order to perform this experiment, you must have access to the
'bare" Apple data bus. This is explained in the following steps.
Pin Configuration of the lntegrated Circuit (Fig. 6-23)
ADC 080X
Dualln-Line Package

6
F[

*h

Fig. 623. Pin conGguration of the ADC08O4
A/D converter.

cLtti

tn!
v11t+)

v11l-)
A

CID

vne/2
D

6X0

Srep I

In this experiment, you will interface the ADCO8M A/D converter
directly to the data bus as it comes from the Apple. To do this, carefully remove the two 8216 bus bufier chips at IC-10 and IC-II on
your interface breadboard.
Srep 2

Wire the ADC0804 integrated circuit as shown in Fig. &24. The
data bus lines are placed into the corresponding holes at the sockets
for IC-10 and IC-11. If the wires do not fft into the holes very easily,
we suggest placing a l6-pin socket with larger access holes in the
sockets at IC-10 and IC-11. This will allow you to make the connections without having to force the wires in the small holes. The wires
should fft into the corresponding holes without much force. If excessive force is used, you may bend the socket contacts so that they

+5V
IK

D7

TO APPLE
DATA BUS

Vtri*

zOK OR

1()fi

vrHDO
1K

m

H

vREF/z

ifrn

Fig. 624. ADCO804 interface circuit schematic.

do not make proper contact with the 8216 chips when they are reinserted into their respective sockets.
Step 3

Enter the following program into your computer and run it:

l0
20
30
40

PoKE 49319,0

:

T
O TO 100: NEXT T
PR|NT PEEK(49319)
GOTO l0
FOR

What does the program do? What is displayed on the video screen?

The program exercises the A/D converter, starting a conversion, providing a time delay so that the conversion can be performed, and

then reading and displaying the data. Slowly adjust the potentiometer as you observe the data to conffrm that the converter is operating.
As you change the voltage setting of the potentiometer, you should
see a corresponding change in the value displayed by the Apple.
What is the minimurn value? What is the maximum value? Does this
seem to be what you would expect?

The minimum value should be in the range of 0 or 1. The maximum
value should be between 253 and 255. This is what is expected from
an 8-bit device, since it can only generate values between 0 and 255.
Srep 4

The ADC0B04 chip has a flag output that can be used to monitor
the status of the converter; that is, busy or ready. This output is a
logic zero when data is ready for the computer, and it is a logic one
w[en the converter is performing a conversion. This output is really
the output of a flag circuit, and the flag is reset when the eight data
bits are read into the computer. Since the converter can perform
many thousands of conversions in a second, is there any need to

monitor this fag signal?

Probably not, since the converter will complete the conversion process before the data can be accessed by a BASlC-language program.
Can you suggest some possible uses for the fag output?

The flag could be used for assembly-language A/D converter program-ittg. In assembly-language programs, the 4ag cou]d be tested
as an input to an input port, or it could be used with the interrupt
on the 6502 microprocessor chip. Since these are high-speed app-lications, it would be useful to monitor the flag to determine when the
converter had ffnished a conversion.
Step 5
Remove line 20 from your program and run the program. What do

you ffnd?

The data values are the same as those observed when the program
was used with the time delay steps. Thus, the converter is "outrunning" the BASIC control program.
Step 6

The values displayed on the screen do not represent the actual
voltage that is being measured, but are an 8-bit binary representa75'

tion. Write.a program that will perform the conversion to voltages.
You may add the steps to the program already in use.

We used the following steps which simply perform a mathematical
conversion of the decimal value 0 to 255 to a corresponding voltage
0 to f5 volts.

lo PoKE 49319,0
20 FOR T : 0 TO l0O: NEXT T
30 PRINT (pEEK(49319)*5/25s)
40 GOTO l0
Try our program, or your own. Does it work?

It should. You will see that the computer prints many decimal digits,
probably too many, since the converter is only accurate to a maximum of one part in256, or about 0.25Eo. U*ortunately, rounding
is not a trivial task in the Apple. You can perform either a mathematical rounding, or you can use a string operation to print only a
selected number of digits after the decimal point. You can use the
following if you wish:
30 A$ : sTRg(pEEK(4e3I9)*5/255)
40 PRINT LEFT$ (A$,4)
50 GOTO l0
Remember that this routine simply li,mits the displayed value to four
decimal digits. It does not perform any rounding.
Siep 7

Try to write a routine that will use the high-resolution graphics
capability of the Apple computer, so that the program will plot the
voltage values with respect to time. The measurements should be
taken at a regular time (time-delay program), and a continuous
line-plot should be drawn. If you are not familiar with the highres_olgtjon graphics formats and commands, use the program provided below:
r00

HRG; HCOLOR

:

3:

ll0 FORX:OTO249
120

POKE 49319,O

Yl :O

l3o

Y2

:

PEEK(493r9)/r.594
Y2

I4O HPLOT X,YI TO X+I,
l5O Yl : Y2
160 NEXT X
I7O END

Try this program. Vary the potentiometer setting as the program is
running. The plot should appear as the changes are made. A constant voltage will give you a horizontal line on the screen.
Step 8
Can you suggest a simple experiment that would demonstrate the
use of the

A/D

converter and the graphics program?

There are several simple experiments that you might like to try.
Each involves measuring a voltage that is proportional to the physical measurement that is being made. For example, you could measure the voltage across a photocell in changing light conditions, a
voltage across a charging capacitor, or a voltage that is proportional
to temperature.
Wire the circuit shown in Fig. 6-25. In this circuit, you will use
the A/D converter and computer to measure a charging voltage
across a large electrolytic capacitor.

Fig. 625. Capacilor-charging
circuit diagrarn.
100pF/16wvDC

Use the jumper wire to discharge the capacitor, and leave it in
place until after you have started the program. Once the program
is running, remove the jurnper to ground. You should see the voltage slowly inctease, as the capacitor is charged. Why does the graph
sliow the zero-voltage point on the top of the screen, and the highvoltage point on the bottom?

159

The-computer plots from the top to the bottom in increasing values,
so if you want to invert the display, you will have to 'invert" the
values from the converter. This means that you will need to convert
a zero into 159, and a 159 into a z.ero. To do this, simply change line
130 to:

130 Y2

:

160-(PEEK(49319)11.594)

Srep 9

You can also use the A/D converter to measure temperature. An
LM335 temperature sensor may be used to generate a voltage that
is proportional to temperature, at a rate of l0 mV/K. The Kelvin
scale of temperature uses the same units of degrees as the Celsius
scale, except that OoC : 273K. Thus, a room temperature of 20"C
will be the equivalent of 293K, and the LM335 will generate 2g3 x
l0 mV as its outpug or 2.93 volts.
_ To measure temperature, wire the circuit shown in Fig. 6-26.
Be sure that the potentiometer or capacitor-charging circuit is not
connected to the A/D converter input at the same time as the temperature sensor.
You can use the same graphical display program that was used
in th9 previous step, but you may wistr to add a time-delay step at
Irne I55:
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FOR

T

:

O TO 100: NEXT T

This will delay the display, since the temperature changes will be
slower than the capacitor-charging voltage changes.
Run the program. Heat the sensor with your ffngers. Do you observe any change? What do you expect to see?

q-/
f.T-l

BOTTOM VIEW

Eig. 6.26.Schematic

for a temperature<ncasuring circuit, and pin configuration for
111335 chip.

will not see much change, since the display is set up
for a range of 0 to 500K, as represented by 0 volts to *5 volts from
the sensor. If you see more than a few 'points" increase in the display, you have signiftcantly warmed the sensor. You can more readily
cool the sensor with some moistute, or with a can of freeze-spray that
is used to cool electronic components. If this is not available, a piece
of ice can be used to cool the sensor.
Could you "expand" the display to provide a more useful display
of the temperature changes? How could you do this?

You probably

There are several ways of "expanding" the display. If you know that
the temperatures will only vary between 200 and 300K, you could
change the software so that the display on the screen represented
voltages between *2 and *3 volts. However, keep in mind that you
have not increased the resolution of the converter in doing this.
There will still be the same number of discrete voltage steps in the
converter's range. You have only expanded the display of these
values.

You could also use some other circuits. Operational ampliffers
could be used to scale the voltage range of +2 to *3 volts to 0-5
volts, so that the entire temperature range of 200 to 300K would
generate 0-5 volts. This could be measured by the converter and
displayed on the screen. Now, the resolution has been increased,
since the entire 256 different voltages are used in the temperature
range of interest.
There is much more to analog-converter interfacing, but we hope
that this experiment has interested you in the use of these important
devices. For additional interfacing ideas and techniques, we refer
you to ?RS-80 lrrterfacing, Book 2, and Microcomptrter-Analog Corv
oorter Softua,re and. Hardumre lnterfacing ( Howard W. Sams & Co.,
Inc., Indianapolis, IN 46268).
Please note that in this experiment, we generated a reference voltage of. *2.5 volts by using two 1000-ohm resistors to divide the *5volt supply in half. In precision analog-converter applications, a
*2.500-volt reference is used in place of the resistors. We have
chosen to use the resistors in this experiment because they are inexpensive and easy to set up. However, they produce results that
are not as accurate as would be needed for precision measurements.
There are many reference devices and circuits available, as noted in
tAe references mentioned above.
t5l
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CHAPTER

On the Bus
While many readers will be content to perform some of the experiments in the previous chapter, and go no further with the design and
development of interfaces, there are others who will be interested
in developing special-purpose interface circuits that will become a
permanent part of their computer system. This chapter is written for
this reader. We will describe how you can design special interface
circuits that can take advantage of many of the built-in features of
the Apple computer.
If you want to construct an interface circuit that will be used again
and again, you will want to construct it on something other than a
solderless breadboard. Breadboarded circuits take up workspace,
they are messy and frequently come apart at the worst possible moment. The alternative is to construct the interface circuit in some
permanent form, so that it can be mounted out of harm's way, inside
the Apple case.
When the Apple computer was designed, it must have been obvious to the engineers that people would be interested in expanding
the system so that various standard peripherals and nonstandard circuits could be added to the computer. Thus, they provided eight female edge connectors at the rear of the main printed circuit board,
so that the important computer signals would be readily available for
anyone who wanted to use them. You have already used some of
these signals, since the interface that was described previously plugs
into one of the available'tlots."
The slots are numbered 0-7, and you can use all but slot 0, which
has been reserved by the manufacturer for special expansions of the
computer. Slots 1-7 are available for you to use as you wish. There

lu

foble 7-1. Apple

Bus Signols

ond Descriptionr
Descriplion

Name

Pin

I

i7o

2-17

Ar5-A0

sEtEcr

A logic zero signal, active at slol n, when lhe computer
addresses locations CnOOH-CnFFH. Active during (06'
Not available at slor 0. (10)*
Buffered address bus lines. (5)

Bufiered read/ffi control signal. (2)
Video timing synchronizafion signal. Available only at
slot 7. (?)
A logic zero signal, active at all slots when the computer addresses locaiions CSOOH-CFFFH. Active during

t8

R/w

l9

SYNC

20

ire

2l

RDY

22
23
24
25

DMA

26
27

GND

System electrical ground.

DMA IN
INT IN

DMA daisy chain signal to adiacent slot.
lnlerrupt daisy chain signal to adjacent slot.
Nonmaskable interrupl input to 6502 chip. Vectors pro-

srRoBE

lDo. (a)
Ready control input to 6502 processor.
Direct-memory access control input.

INT OUT
DMA OUT

*5

volrs

28
29

fitfri

30

m

3t

F6

32

m

33

-12

lnterrupt daisy chain signal to adiacent slot.
DMA daisy chain signal to adjacent slot.
*5-volt power supply connection. 500 mA maximum
available to all cards.

cessor

to subroutine at

03FBH.

Maskable interrupl inpuf to 6502 chip. Address of inlerrupt subroutine in O3FF and 03FF.
lnput/oulput line. When pulled low, ihe Apple is reset.
lnterface may monilor or generale a resel,
When pulled to a logic zero, all internal ROMs are disabled.

34

-I2-volt power supply

V

available

to all

conneclion. Total of 20O mA

cards.

-S-volt power supply connection. Total of 2@

-5V

available

to all

mA

cards.

This 3.580 MHz color reference signal is only present at

35

COTOR

36

7M
Q3

A sfandard 7.159 MHz reference signal. (2)
A slandard 2.Q46 MHz reference signal. (2)

@r

Standard 1.023 MHz microprocessor clock signal. (2)
Logic zero input. When pulled low, all internal l/0 devices are disabled.
Standard 1.023 MHz microprocessor clock signal. Complement of @r. (2)
Logic zero signal, one per slot. Active for l6 addresses
per slot (see Table 7-3). (10)
Buffered data bus signals. (l)
*I2-volt power supply connection. Tolal of 25O mA
available to all cards.

REF

slot 7. (?)
37
38
39

USER I

N

6o

41

5'E\,tiffi

42-49

D7.DO

50

+12 v

*Number in parentheses indicales the number
drive per inlerface slot.

of

SNT4LS0Gfamily inputs that each signal can

are many companies that sell plug-compatible interfaces, and you
can plug these into these slots without further ado.
In Chapter 5, some of the common interface signals were det65

scribed; the address bus signals, the data bus signals, and some of
the control signals. There are other useful signals provided at the
seven available interface edge connectors. The signals are listed and
described in Table 7-1.
Since you are already familiar with the data bus and address bus
signals, they will not be discussed any further. Some of the other
s_ignals are important, too, and they can be used to greatly simplily
the construction of interface circuits.
INTERFACE CONTROT SIGNALS

i/o

sEtEcr
The I/O SELECT signal (pin f ) is active when it is a logic zero,
as indicated by the 'bar" above the same of the signal. Each of the

sevenavailableinterfaceslots,l-7,hasitsown.i@1g1e!

thus this signal may be used to select a speciffc card. The i70-SE-LECT signal for a card slot, n, is active when the address bus lines
are set at addresses Cn00 through CtF'F';!rylus]yg-for example, if
the Apple addresses location C5AB, the INIffiF
signal at slot
5 will be a logic zero. None of the TreJE-mef signals alt the other
slots will be active at this time. There will also be times when rwne
of these signals is active. The range of addresses that afiect the IF
SELECT signals is shown in Table 7-2.
Toble 7-2. l,/O SELECt Address Allocotions
Interfacc Slol

Addrcss Range

I

cloHlFF
49405-49663
c200-42FF 49661-49919
C30H3FF 49920-s0r75
C4H4FF 50176-5043t
C50H5FF 50432-sO687
C60H6FF 50688-50943
C7M7FF s091a-s1199

2
3

4
5

6
7

There are a number of possible uses for this signal. Since it is active when the Apple addresses a contiguous block of 256 addresses,
or one page, the signal could be used to enable a memory chip with
256 addresses. It could also be used to enable a device address decoder that could address 256 I/O devices. These applications are
shown in block diagram form in Figs. 7-1 and 7-2.
You might be wondering why anyone would want to add a block
of 256 bytes of memory to an Apple computer system, when the
Apple can easily contain 48K of memory by itself. In some applications, it is necessary to have short assemblyJanguage routines that
can "drivd'an interface. The assemblyJanguage programs do their

l6

m-sE-LEET
MEMORY

256XE
DATA BUS

ADDRESS BUS
ROM OR
Rn[,
R/W

Fig.

7-t. Using t/O

SELBC! ro control a page

of memory.

iob very efficiently. Such "driver routines" can be placed in read-only
memory (ROM), and the ROM chip may be used in the interface
circuit. In this way, the driver routines are a part of the overall interface, and they are "loaded" when the interface card is plugged in.
They do not have to be loaded from cassette or disk, and they do not
take any of the other memory space.
I/O SELECT

DECODER

ADDRESS BUS

C3g.7-2. Using

ctRcutTs

l/O

SELECT

UP TO 256
DEVICE ADDRESS
OUTPUTS

ro contol a tncrnory address decoder.

will require a small amount of read/write
memory for temporary itor*g". You can also use theffi
SELECT line to control a 256-byte block of n/Il_lq"-otv._
Remember that each interface slot has its own I/O SELECT signal, and each signal is active when the Apple addresses a speciftc
"page" of memory.
Sometimes an interface

(R/W)

UO STROBE
The I/O STROBE signal is a logic zero signal that is provided at
all of the interface slots. It is common to all of the connectors, and
is not speciffc to any one. This signal will be a logic zero whenever
the Apple accesses a location within the range C800H to CFFFH, inclusive. Thus, every card will be signalled when the address on the
address bus is within this range, which covers 2048 addresses, or 2K
of memory.
You may use this signal to enable memory chips and I/O devices,
but you will probably want to further "qualify" this signal by gating
it with some of the address bus lines, A10-A0. A simple block diagram of how this signal could be used is shown in Fig. 7-3. In this
167

UO STROBE

Al0

TO DATA BUS

Fig.7€. Using l/O STR@E for lK rnernory block control.

circuit, the IF-ffibnB-- signal has been used to select a lK block
of ROM on an interface card. The remaining 1024 addresses could
be divided among the other interfaces as you wish. We urge that you
use caution in using this signal, however, since you may ftnd that
some manufacturers have used this line to decode memory and I/O
device addresses in just this manner. Thus, you may ffnd that you
have a conflict in addressing between a commerciai it terfa"" ihat
you wish to addto your system, and one that you have already designed, built, and installed.

6ffii
This_ sign-al is sp-eciffc to each interface slot, and it has a range of
only 16 addresses for each slot, as shown in Table 7-3. The DEVICESELECT signal is active in the logic zero state. Since the DEVICE
SELECT signal is active for only a lO-address block, its use will be
fairly well limited to._l/O d"vic"-eddressing, as shown in Fig. 7-4.In

thiscircuit,theDEVICffisignal}rasbeenusedtoenablea
4-to-16-line decoder.
r. If
lt a particular interface has only a single func-

ires a single enable signal, you may decide to use
the
signal by itself, without any further decoding. This is permissible, as long as you realize that the device selected
in this way will be active at 16 difierent addresses, C0n0H to COnFH,
sN74l54
A{)

AI
A2
A3

D-EIIFSEIEET

Fig.74. Using

A15
B:
c:
D:
GI
G{)
DEVICE SEI,^8CT

16 DECODED
2

DEVICE

ADDRESSES

to cnable a l6.address decoder.

tsble 7€.

DEVICE SELEGI Address

lnterface Slot
0
I
2
3

4
5

6
7

Allocolionr

Addresr Range

c080-co8F
co90-c09F
CoAHoAF
CoBHoBF
cocHocF
CoDHoDF
coEHoEF
coFHoFF

1928M9295
49296-49311

49312-19327

4932H9343
49344-49359
49360-49375
49376-49391
49392-49407

inclusive. This use of the signal also limits your ability to add other
functions to the interface, should you decide to expand it at a later
time.
i-nQ and ttrvti

These are the two interrupt inputs to the 6502 microprocessor
chip. The inQ (intemrpt request) is maskable, and it can be disabled by using the appropriate software steps. The NMI (nonmaskable intemrpt) is always active.
These intermpt input lines are common to all of the seven interface slots, with-the IRQ signal connected at pin 30, and the N-MI
signal connected at pin 29. In most interface circuits, the NMI line
would be dedicated to one peripheral, and that must be recognized,
no matter what. The IRQ line would be shared among many interface circuits. Appropriate software steps would be required within
the intemrpt service subroutine so that the computer could detect
which device had actually requested the intermpt. Each of the interrupting devices could have a l-bit input port that could be read to
determine the status of its intermpt flag. A typical interrupt flag circuit is shown in Fig. 7-5. Notice that the fag is cleared under software control.

TO DATA BUS BIT

INTERRUPT

T0

REQUEST

{FLAG CLEAR)

Fig. 7-5. lnterrupt f,ag circuit diagram.

-rRQ

If this type of a "polled" interrupt is used, with the computer polling each of the devices that could have generated an interrupt, a priority can be established in the software. Thus, if the computer checks
the devices in the order A, B, C, and so on, device A has the highest
priority, since it will be checked first when an interrupt is detected.
The interface slots also have two other interrupt lines that may be
of interest, depending upon your application. These signals are the
interrupt input ( INT IN ) at pin 28, and the interuupt output ( INT
OUT) at pin 23. These signals are used to "daisy chain" interrupt
signals form one card to the next. The signals are only connected between the interface connectors, as shown in Fig. 7-6. Thus, the INT
OUT signal on slot I is connected to the INT IN signal on slot 2, the
INT OUT on slot 2 is connected to the INT IN on slot 3, and so on.
The INT IN and IN OUT lines are only connected to the adjacent
interface slot, and they do not go any further.
REAR OF APPLE

INT OUT

*NOTATIONS ARE
INTERCHANGEABLE, DEPENDING UPON USE.

Fig.7-6. lNf lN and INT OUT bus signals.

A simple daisy-chained interrupt scheme is shown in Fig. 7-7.The
lower-priority interrupting devices are further down the chain, further from the INT connection to the 6502 microprocessor chip. In
this circuit, a higher priority device can pass its interrupt request up
the chain, blocking any interrupt requests from the lower priority
devices that are further down the chain. Once the higher-priority
device has been serviced and its interrupt flag has been cleared, it
will "open" its gate and allow the lower priority interrupt request to
pass on to the computer.
As you can see, the computer still needs some way of determining
which device is generating the intermpt, so that it can select the corresponding interrupt service subroutine. This type of interrupt
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scheme is quite complex, and we recommend using the simple inter-

rupt flag circuit provided in Fig. 7-5. This should be sufficient for
most uses. In the daisy-chain conffguration, you cannot have "empty,"
or open, slots between interface circuit boards, since this will break
the INT IN/INT OUT circuit "chain." Enough said about interrupts.

For more information, we refer you to Programming b lnterfacing
the 6502, With Experiments ( Howard W. Sams & Co., Inc., Indianapolis,IN 46268).
DFIA

The DNi-A input is used to allow an external device to address
memory locations without ffrst having to go through the 6502 microprocessor. Thus, the erternal dersbe has direct nwnwrA o.ccess, or
DMA. Since several devices could request a direct memory access
transfer of information, a daisy-chained set of peripherals is possible,
since the interface slots have DMA IN and DMA OUT pins that connect to the adjacent interface connectors. Direct memory access interfaces are not trivial design proiects, and we recommend that you
thoroughly understand the operation of the 6502 microprocessor chip
and its associated circuitry before you attempt to use this feature.
m3
The reset line at pin 31, Rffi, is actually a bidirectional signal line.
You can use this line to reset your interface circuits, since it will be
a logic zero when the Apple is reset when power is applied, or when
the RESET pushbutton is pressed. You can also force the Apple into
a reset condition by grounding this line. If you choose to use this line
to reset the Apple from your interface, a high-current open-collector
gate or buffer must be used to pull the line to ground. An SN7407
open-collector buffer chip could be used in this type of circuit. The
RES signal line is common to all of the interface slots.
iSiH

In the Apple computer, you can substitute your own assemblylanguage programs for the programs stored in the BASIC interpreter
ROMs. By pulling the INH line at pin 32 to ground, you will inhibit
all of the BASIC interpreter and Monitor ROMs, so that your own
programs can control the entire system. Since there is some room
already available for this type of operation, you probably won't use
this function, since you would not have access to any of the useful
subroutines within the standard ROMs supplied with the Apple. It
would be difficult, for example, to control the display, without the
subroutines in the BASIC interpreter ROMs. You will need an opencollector buffer chip to pull this line to ground, if you choose to use
this function.
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I
This input will allow you to inhibit the generation of all of the
tOTE-mm andDiETTffiEfFm signaliwithin the Apple computer, so that you can "turn off'all of the I/O devices. This line must
be pulled down to a logic zero to cause this action. To prevent the
accidental use of this lini, you must use a wire jumper to connect two
solder pads on the main printed circuit board of the Apple, before
the USER I signal can be used. We refer you to the AWII ll Refetence Manaal tor the necessary details.
Since your primary purpose in using the IFSELECT and DEsigrrals is to simplify your interface design, there is
Vffimm
need
to use this line, unless you wish to do some sort of
probably no
the
system with I/O devices that are external
of
computer
expansion
to the basic system, or that migh! qsplgrng of th"_-qqqlg44resses
USER

that have been assigned to theTTO-SEffiF and DETIeE-ffiffif
signals. The USER I signal is present at pin 39 on the interface connectors.
RDY

There are times when it is necessary to slightly "delay''the 6502
microprocessor so that an external I/O device, or memory chip will
have sufficient time to access its data and present it on the data bus.
The ready input ( RDY ) found at pin 21 on each of the interface con*wait"
condition when it is
nectors can be used to put the 6502 in a
grounded. This input must be synchronized with the microprocessor
clock, and it should change its state during the Or clock logic one
state. The RDY input was used in older 6502-based computers, since
older memory devices could not access their data as fast as required
by the computer. Thus, when they were addresses, they had to put
the 6502 into a "wait" condition for several clock cycles until their
data was available. We doubt that you will ftnd much use for this
signal, except in specialized interfaces.
Clock Signals

There are six clock signals that are available for interface use.
These are 06, Or, Q3, 7M, COLOR REF, and SYNC. The Qo and
Or are the main timing clock signals, running at I MHz. The clock
signals are the inverse of one another. These signals are used to coordinate external I/O operations with the normal fow of data on the
bus. As showrr in Fig. 5-12, the 01 signal is used to control the genersignals for external I/O devices. fhz
ation of the RD- and
-IlO
-Wn
signals at the I I O connectors lwoe
fiffif an^il, DNIeffiEWF
*quakfied,"
with the Qt clock si'gnal.
al,ready been gated, or
The Q3 signal is a 2 MHz clock signal that is asymmetric; that is,
t73
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Fig, 7€. Timing diagram for various Apple clock signals.

it is not a square wave. The 7M signal is a 7 MHz clock signal that is
a square wave. The clock signals are derived from the main clock
circuitry within the Apple, and their timing relationships are shown
in Fig. 73. We refer you to a complete data sheet for the 6502 microprocessor for additional information about the 6502 timing relationships.

The COLOR REF and SYNC signals are available only at interface slot 7. The COLOR REF signal is the 3.5 MHz color reference
signal generated by the video clock circuit in the Apple. The SYNC
signal is the video timing synchronization signal. You will probably
not use these signals in your interface designs unless you will be
using video control circuits.
Power

The interface connectors provide access to four standard voltages
and to ground. The voltages provided arc *\2, -12, +5, and -5
volts. The current for each of these voltages is limited to a few hundred milliamperes, so you should consider the use of low-power interface chips, such as those found in the SN74LS00 family.
Olher Considerations
The bus-driving capability of the interface signals is quite limited,
with most signals limited to driving only a few SN74LSOO-type int74

puts. You must be careful in your design that you do not overload
these signals by expecting them to drive more chip inputs than they
can. If you need additional power from these signals so that they can
drive more inputs on an interface card, you must buffer the signals
with appropriate bufier chips. Just keep in mind that the buffers will
need some additional power from the power supplies, and there is
not a great deal of "extra" power at the interface connectors. Thus,
you must balance your needs for signal bufiering with the available
power. You could always use an external power supply to power
some of the interface cards, but this defeats the purpose behind putting the interface circuits in the Apple enclosure in the ffrst place.

AN

INTERFACING EXAMPTE

Now that most of the useful interface signals have been described,
let's take a close look at a typical interface circuit that can be used
with the Apple computer. In many applications, it is necessary for
the computer to communicate with other devices. These may include
printers, controllers, remote data acquisition stations, and maybe
even other computers. In most cases, a form of serial communication
is used, so that long lengths of multiconductor cables are not required. Most serial communication schemes use three or four wires,
so that the information that is to be exchanged is transmitted in serial
fashion, bit by bit, over the wire. One set of wires is used for transmitting, and the other set is used for receiving. Such communication
is usually called asynchronous-serial communication, since there is
no cornmon clock signal, or reference, that connects the two systems.
Most of the microprocessor chip manufacturers have developed
some type of communication chip for their family of microprocessors.
In fact, you can even "cross" families, so that a communication chip
that was developed for the 8080A family can be used with a 650E
processor. In fact, that is exactly what we plan to do in this example;
an 8251 universal synchronous/asynchronous receiver-transmitter
chip will be interfaced to the Apple computer, right at the interface
slot. We will not provide you with a great deal of detail about the
operation,of the USART chip, since this has been covered in detail
in TRS-80 lnterfacing, Book 2 (Howard W. Sams & Co., Inc., Indianapolis, IN 46268). A magazine article covering the subiect is also
available. See "Cross-Pollinating the Apple," Byte, Apnl,1979, p. 24.
Since the B25l USART chip is a bus-compatible chip, it should not
be too dificult to interface the Apple. A pin conffguration and block
diagram for the USART are provided in Fig. 7-9. You should be able
to recognize the data bus inputs, the RD and WR control inputs and
a chip select input, CS. Since the USART contains two sets of registers, there must be some way of distinguishing between them. The
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CONTROL/D-ATA input at pin 12 (C/D) performs this function.
A logic one selects the control mode, or command mode, while a
logi&ero selects the data mode. One of the address bits can be contt""t"d to this input to allow the computer to access each of the internal registers by using one address for the command register and another address for the data register.
Since the USART will be communicating with other asynchronousserial devices, there are standard data rates that must be used to assure that the data rates of the transmitting instrument and the receiving computer are fairly close. A Motorola MC144f f bit rate generator
chip haJbeen chosen to perform this function, since it is crystal controlled. There are other popular clock-generating schemes, too.
Since the standard logic levels provided by SN7400 family transistor-transistor logic ( TTL ) devices cannot be used to drive long
communication lines, you will need to choose whether you wish to
use 20 mA currentJoop signals or standard RS-232C control levels.
The necessary level-conveision circuits are easy to obtain, and they
are detailed in the references noted previously.
Since any sort of communication interface is useless without the
software to drive it, you will need some software routines that can
drive the USART chip. For the most part, these will be simple, and
you may wish to use BASlC-language programs for control purposes.
if yo,r choose to use assembly-language programming, yon *iglt
consider putting your control programs in ROM, and putting- the
ROM right on th" interface board. Since there are 256 bytes of address space available for each interface slot, a small ROM can be
accommodated. The 256-byte space is quite enough for some USART
control programs. You can use the Monitor to test your assemblylanguage programs before they are put into ROM.
,4. completJ USART interface is shown in Fig. 7-10. Thi"s- circuin
has been-uired endtestedin our Appl"e com'puter.If you wish to use
this circuit in your computer, we suggest that yoJr obtain the data
sheets for the'825t ot 8251A USART chip, and the Motorola MC14411 bit-rate generator chip, so that you will understand how they
work. In Fig. 7-U, we have provided a general addressing circuit for
a256-byte 6lock of ROM, which could be used to store the assemblylanguage USART control routines. The actual circuit would depend
upon the particular ROM chip, or chips that you choose to use. In
tliis circuil, Fairchild 93427 ROMs have been used. These are fast,
bipolar, fusiblelink ROMs. Each chip contains 1024 bits, o-rganized
in 256 4-bit words, so two chips are required for a complete 8-bit
word. Slow, erasable PROM chips are not recommended, since their
access times are fairly slow, and they could cause problems. Most of
these devices contain many more locations than you can use.
You can build this circuit on a standard interface wire-wrap card,

or on another type of suitable protofire card that can be plugged
into one of the available interface slots. If you use the wire-wrap
prototype technique, you will ffnd that the wire-wrap pins and tlie
chips stick out from both sides of the card, making it difficult to use
the adjacent interface slots.
8251A
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Fig. 7-10. Simple USATT+o-Apple interface circuh schematic.

In our computer

system, we used the USART interface in slot 3,
that the USART was addressed as de.rices 4g328 and 4g32g. The
registers at address 49328 are the receiver and transmitter registers,
while the regjsters at address 49329 are the control and flag relisters.
Keep in mind that you can have two registers for each address, since
one is a write-to register, and the other is a read-from register. If you
so
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moved the card to another interface slot, the addresses for the
USART would change, as noted in Table 7-3.
To use the USARf interface, you must ffrst initialize the chip with
some control information that is-sent as two consecutive bytes to the
control register. Don't worry about sending two bytes to the same
register, tf," USenf 'tnows" what to do with them. After the
UsenT. has been initialized, you can use it to transmit and receive
aslmcbmnous-serial streams of information. Th" ptgqam sh-own in
Eiample 7-1 can be used to transmit an 8-b,it bpe of data,^while the
ptogrim shown in Example 7-2 can be used to receive an 8-bit byte'
Exampte 7-1. USART Transrniller Control Subroutine

l0l0

lo20

PoKE 49328, TX
wAlT 49329, I

IO3O

RETURN

Exernple 7-2. USARI Recciver Control Subroutine

1050 wAlT 49329, 2
1060 RX : PEEK(49328)
IOTO

RETURN

The software checks the necessary fags so that the transmitter transmits its data only when it is ready, and the receiver only provides
data when it has actually received some.
The main point here las been to develop a sim,ple interface that
uses many ofthe Apple bus interface control signals, so that you can
see how they work.-It is also nice to know that the interface example
actually *oikt, and that it can be used in so'r.'e real applications' we
hope tLat you have seen how easy it-is to develop an interface for
thJ Apple, based upon the concepis o{ port addres,sing, port control,
and flags, that we introduced throughout the book.

APPENDIX

Logic Functions
In the experiments in this book, several logic functions are required. These functions are noted as lamp monitors, logic switches,
and pulsers. In each case, the equivalent circuits are simple, but
rather than duplicate them in each schematic diagram, block diagrams have been used. The following sections describe each of the
functions that are required.
LAMP MONITORI'

Lamp monitors are simply light-emitting diodes, or other on-ofi
indicating devices that are used to indicate the state of a logical
output. We have adopted the convention of logic one being th; lit,
or on state, and logic zero being the unlit, or ofl state. The two circuits shown in Fig. A-l may be used to construct lamp monitors. The

LED

22O

INPUT

LED
INPUT

22O

*

u

74O4 ot 74O5
Fig.

A.l.

Schcmalicr of two rimplc lanp-rnonhor circuits that may be used

in expcrimcntr.

r80

use of red LEDs is recommended, since they are inexpensive and
readily seen. You will require at least eight of the individual lamp
monitors to do the experiments in this book.

roclc

swlrcHEs

Logic switches are simply switches that have been conff_gured to
provide either the logic one or the logic zero voltages to the TTLcompatible integrated circuits used in the experirnents. A typical
logic switch is shown in Fig. A-2. A single-pole, single-throw toggl-e
switch or slide switch may be used. At least eight of the logic-switch
circuits will be required in the experiments.
tooo
Fig. A-2. Schematic of simple logic.
switch circuit th.l may be used lo
gonetato logic one or logic

reto outPul.

PUTSERS

The pulser circuit is used in the experiments to provide "clean"
ouqluts that are free of the "bounce" that is normally associated
witl mechanical switches. Since most switches use spring-like metal
contacts, the contacts will often open and close several times after
the switch has been opened or closed. If such a mechanical switch
is used to provide pulses to a counter, up to 30 to 40 pulses may be
counted, depending on the tytrle of switch used. Since there are many
in which a clean logic one to logic zero, or logic zero to logic
one, transition is required, a debounced switch is frequently useful'
Mechanical switches are easily debounced, if they have contacts of
the single-pole, double-throw form. A typical debouncing circuit is
shown in Fig. A-3. In this case, two uexn gates have been used to
form a fip-fop that may be set, or reset, by the switch. As shown in

cases

looo

Fig. A€. Schematic for debounced

pulser in which

"cross-coupled"

NAND gate has been used lo
eliminate conlacl bounce.

looo

Fig. A-3, two outputs are available. With the switch in the position
shown, the normal logie states are shown at the outputs of the two
gates. When the switch is moved to the other position, the outtrluts
of th9 NAND gates will switch. It is suggested that a momentary
switch be used in the pulser circuits.
Lamp monitors, logic switches, and pulsers are all useful devices
when breadboarding logic circuits. While the circuits shown in Figs.

A-l through A-3 are simple, you may not wish to build them yourself. Several companies produce digital breadboarding devices that
incorporate lamp monitors, logic switches, and pulsers, as well as
other digital functions. We suggest that you write to the following
companies for information about their digital-electronic breadboarding systems:
E&LInstruments,

6l First Street

Inc.

Derby, CT 0e{18
AP Products, Inc.
Mentor, OH 44060
PACCOM

Itt825 NE 40th, Suite 340
Redmond,WA 98025
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Parts Required for
the Experiments
4 SN7402 Quad r.ron-gate integrated circuit (IC)
2 5N7474 dual D-type fip-floP IC
2 DMS095 or SN74365 three-state input buffer (2@ per input
port)

2

SN7475 Quad latch

I

4700-ohm, t/+-watt resistor

IC
NE50l8 Jight-bit D/A converter IC (Signetics Corporation)
SN7404 hex inverter IC
2 SN74LS373 three-state octal latch IC
1 0.01-g,F, disc ceramic capacitor

I
f

6 220-ohm, t/E-watt resistors
6 Visible LEDs (2@ red,Z@ green, and
I l0K, potentiometer trimmer-tyPe
1 10K, t/q,-watt resistor

I

100-pcF

2@ yellow)

electrolytic capacitor 16 WVDC

1 33K, YE-watt resistor

I

150-pF disc capacitor

4

1000-ohm, Va-watt resistors

1 2200-ohm, t/+-watt resistor
I ADC0B04 analog-to-digital converter (National Semiconductor
Corp.)
1 LM335 temperature sensor
r83

Besides the parts listed, you will need an assortment of SN7400,
SN7408, SN7402, SN7410, SN7486, SN7430, and SN7493 integrated

circuits for use in the logic-tester program in Experiment No. 14. We
to determine exactly

suggest that you read through this experiment
what circuits you will want to test.

Other useful equipment: a tl2-volt power supply (for use with
the D/A converter circuit), hook-up wire, an extra solderless breadboard, pulsers, logic switches, lamp monitors, and a voltmeter or
vom.

Information about the analog converters is available from:
ADC0B04 A/D Converter
NE5018 D/A Converter
National Semiconductor Corp. Signetics Corporation
2900 Semiconductor Drive
Bll East Arques Avenue
Santa Clara, CA 95051
Sunnyvale, CA g408o
Integrated circuits and components are available from many manufacturers, and we suggest that you check the many advertisements
in the last pages of Radio-Eloctronins, Pop"rlnr El,ectronics, Kilobaud
Mbrocomptrti,ng, and other electronic magazines. We have tried to
use standard parts wherever possible.
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6,5o.2 Microprocessor

Technical Data
The following pages contain some technical information pertaining to the 6502 microprocessor chip. This information has been abstracted from the 7980 Camporwrrt Dda Catalng, from MOS Technology, Inc., 950 Rittenhouse Rd., Norristown, PA 19403. For more
complete information about the 6502 processor and its associated
family of functions, we suggest that you write to the manufacturer
for a complete data sheet.
The 6502 chip is also available from:

International
Avenue
Anaheim, CA 92803
Rockwell

3310 Miraloma

Synertek, Inc.
3001 Stender Way
Santa Clara, CA 95051

These manufacfurers can also provide you with information about
their 6502 microprocessor chip, and related devices.
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The MCS650O Seris microprocssrs repre$nt the first totally sottwarecompatible microprtressr family. This family
of products includes a rante of sftware{ompatible micropr@$sors which provide a *lection of addresgble memory
ran8e, interrupt input options and onthip clock orcillators and drivers. All of the micropr$essors in the MC565m Sroup
are sftwarecompatible within the Sroup and are bus compatible with the M680O product offering.

on-bqrd clmk orillators and drivers and four micopraessors driven by
external clocks. The on-chip dck versions are aimed at hith-performance, lowtost applications where singlephar
inputs, crystal or RC inputs provide the time ba*. The extemal dck veEions are geared for multi?rcessor system
applications where maximum timint control is mandatory. All versions of the microprcessors are available in 1 MHz and
2 MHz ('A- stfix on product numbers) maximum operatinS frequencies.

The family includes five microprcessors with
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The MCS651X requires a two-phase, non-overlapping
dck that runs at the Vcc voltate level.
The MC5650X cto€ks are supplied with an interml clock
generator. The lrequency ol th$e d{ks i9 externally con-

trolled. Details of this feature are discussed in the
MCS65O2 portion of this data shet.

prcess lor respedive address

Th6e outputs are TTl<ompatible, capable of drivint one
standard TTL load and 130pF.
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u*d

for the data bus. This is a

biiirctional

bus, transterrint data to and from the device and
peripherals. The @tputs are thre6tate buffers capable oI
drivint

tre

standard TTL l@d and 130pF.

D.t

8ur En ble (IttE)
This TTL{ompatible input allows external control of the

three-state data output buffers and will enable the

micropracrcr

bus driver when in the high state. ln normal operation, DBE wold be driven by the pha* two (O2)

clock, thus allowing data input from microprocessor only
durint .D2. Durint the read cyde, the data bus drive$ are
internally disbled, becominS essntially an open circuit.
To dieble data bus drivers externally, DBE should be held

MC565m
FN$ abo

rc.dy (rDY)

to

single-cycle the
microprocgs on all cycl€f except wite cycls. A n€8tive tramition to the low state durint or cdncidmt with
phas orp (Ol) will halt the miaoprcsbr with tlE rutput addrss liffi reflectint the current addr65 tEing
This input sitnal allows the user

fetched. This cmditim will rmain thrqjth a $bseq€nt
phap two ({2) in which th€ Ready siSnal b low. This
feature alkrs micropraBs interfacing with lossp€ed
PROTW as well as fst (max. 2 cycle) Dhect trteffiy Acc6s (DMA). ll Ready is low dudng a writ€ cyde, it b
ignored until the following read operatitn.

hsrwlncqEd

m int€rupt s
quence begin within the microprocessor. The

micropramr will comphte the orrent instructim beint
exeoted befse rffoSnizing the requ6t. At that time, the
interrupt msk hit in the Slatus Code Regjster will be exam-

ined. lf the interrupt mask flag is not set, the
microprGes will betin an intsruPt s€queme The Pre
8rm CMttr and hfiM Status Re8ists are stored in

miaoprds will ttH €t the interupt
s that rc ftrtlEr intmpts my cor. At
the erd ot f$ cyde, the proSram cdnter low will be

th€ stack. The
mask tlag hth

lrm ad.ks

FFfE,

and progam crunter Ngh from

locatin tFtF, trffifffiu pro8til cmtrd to the remry
vectd located at tlE addess6. The RDY si$al must be
in the liSh stite tq any btsrupt to be rffognized. A 3KO
extdml r6btd sfn$ b€ used for proper wireOR

NGI{d$bh.rr?l@)

eqe m 6i3 ilput r€qudsts that a nonnraskabh hlsrupt seqnrre be 8effiat€d witl*t tlE

A neFtive.Sdu

mkropffi.
b an

wqrdt'sd htsn pt. FollowinS cmpbtim

of

the Mat irEtnrcrin. the se$Hce of opsatkx de
*red fqRQ ud be perfcmed, regardles of th€ state of
the htmpt m*fu8. Thevectd addre$ loa& lrto the
protram cMts, low and high, are locatiffi FFFA and
tFtB respectiveh, trffifenint Pro8ram control to tlE
menuy vectd located at ttF addrss. The iEtnr-

tkm load
to brmh to

hardware interoPts lins that are
betin the appropriate interrupt
the Ol followint the comphtim of the cunent

hputs FQ and

smpled

3KQ register to Vq6 for

.

drint

rqdire m

FM ue
lD2

and will

i6tnrtim.
S€l Ovedorv H:E (S.O.)
A NECATIVEAoint edge m thb input sts the overflow bit
in the Stahrs Code Retister. This siSnal is empled on the
trailint ed8e ot lD1.
SiYl{C
This @tput line b provided to identify thos cycles during
is doing an OP CODT fetch The
which the
hiSh duing O l of an OP CODE fetch and
SYNC lire
stays high for the rminder of that clcle. lf the RDY line is
pulled low duing the .l1 cltrk puhe in which SYNC went

micoprcffi

8c

prcss will stop in its orrent state and will
remin in the state until the RDY lim 86 hith. ln this
mnner, the SYNC siSnal can b€ u*d to conlrol RDY to
high, the

aue

sintle instruction exsution.

net

r*t

or gtart the microPrtrsgr frm
usd to
a powc down cmdition. Diiring the time that this lire is
held low, writing to or lrm the misoPrcssr is inhibited. When a pGitive edte is detected on the inPut, the
*qience.
micropraew will immediately bedn the

This input is

r*t

op€ratbn.

FM

n extml

(n-nQ)

This Tltrompatible si$al requsts that

load€d

reqiirs

proper wireoR operatirffi

ttE locatkmt 6w the misoprc6s
a mfi*able intmpt rdtim hnpnuy.
at

After a system initialization time of six clock cycles,

m* interupt flat wi! be st ard th€ misoprcssr
wl bad the proSrm conts frm mmqy v€ctor b€a'
tim FFrc ard FtfD. lhb is the statt location fd proStam

the

cqrtrol.

ir a po*a up routire, re*t
,r\fts vcc rcrdrG 4.15
ledt two dock cychs. At this tire
f,ls be heb bfl fq at "ols
Ote R/W and (SYI{C) siStEl wifi becme valid.
whm

tEret

cydes, the

r6et

serd to6 hith followint th* two clock
will prceed with the rcml

tr*ropragw

p.odre

detailed above.
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h6nt,cfloN

SEI-AIPHABEIICAL SEQI ENCI

ADC Add Mmory to Acomulator with
AND 'AND' lvlemory with Accumulator

Carry

PIA
PI.P

full Accumulator lrom Stack
tull Prcessr Status from Stack

RTS

Rotate One Bit Lett (Memory or Acdmulatot)
Rotate One Bit RiSht (Memry ot Accumulator)
Return from lnterupt
Retum from fubrotine

sBc

fubtract Memry from Acomulator with Bonow

sEc
sEt

Set Carry Flag
Set Decimal Mode
S€t lntempt Disable Status

BRK Force&eak
BVC &anch on Overflow Clear
BVS &anchonOverflowSet

STA

StdeAcomhtd

CLC CharCarrYFhS

TAX
TAY
TsX
TXA

Tramfs Ac@mlatd to lndex X
Trffifs Acdrulator to lndex Y
Tramfg Sta(k Pdnts to lndex x

D(5

Tra6fs

ASL

or Acomulator)

Shift left One 8it (Memory

BCC Eramh on Carry Clear
BCS &anchonCarrySet
BEQ &amh on Rsh Zero

8lT
B 4l

Test Bits in Memory with
Minus
Branch

BNE

&anch

BPI-

Branch on

ROR
RTI

Acerulator

o Rfllt

m Rsult not Zero

Rslt

Plu5

CID

Char DecimlMode
Cll Cletr lnterruPt Dsble Bit
CLV cleil Overflow Flat
CMP Compare Memry and Acemulator
CPx Cmpare N'temdy and hdex X
CPY Cmpare tvtemdy and lndex Y
D€C
D€X
DEY

Dsermt lttef,Dry bY One
DscflHt Hexx bY OrP
D€eflEnt hdex

Y bY OrP

EOR

'Exdriveq-

NC

Lssmtrvi€rffiY

tNx

hdexbYOrP
kEetrEnt hdex Y bY On€

INY

MP
,5R

l\,i€rffiY with Acomlator
bY One

ksffit

lunptol,{ew Lmtim
hmp to l\lew LGtim Savint Retwn Addr6

IDA Ldd Ac@lator with Memory

lDx Lod lndex X with Memory
tDY Ldd lndex Y with Memory
t5R

Shift One

Bt Ritht (Memory or Accumulator)

NOP No Operation

ORA 'OR'

ROr

Memory with Acomulatq

PHA fush Acomulatot on Stack
PHP tush Proceser Status on Stack

stD

in Memory
Stde lndex X in Memory
in
Memory
Y
Store lndex

sTX
STY

kdex x to Acdmdatd
lndex x to Stacl Pointer
TraEfs lndex Y to Acomulatd

Trffifs

TYA

ADDf,TSSNG MODCS

Acomd.ldAdde3dlr8. This tm
snted with a mbyte imtnKtifi,

of addrBsint is repre
imPlying an oPeration

on the accumulator.

lmmedhte Add.$sin8. ln immediate addressint, the
oerand is cmtained in the sond byte of the instruction,
wirh

rc

further

rclffiy

addrssing required'

Abcofllc Add€3nS. h abEofute addrssint, the sond
bvte of the L6rucdon specifes the eiSht low{rder bits
oi t* .ft*tiu" aa*es u'trite the third byte specifies
the eidlt hhhsder bts. Ths, the abslute addr$sin8

modeilowiaccx

to th€

dtire

65K bytes of

addrssable

lrffiy.

The zero
tile Add€riB.-x*ution

page instructions allow
tims by ohly fetching the
code and
byte of th€ inslruction and assmint a zero hith'
add6 byte. Careful u* of the zero page can teslt in
sitnifmt imeae in code efficienc'y

zaro

fq slst-c

sqd

t89

MC56s(x)
hderedZm PrgeAdd6ing. (X, Y indexint)- This form
of addresing is ued in ctriunction with the index register
and is refsred to as'Zero Page. X- or'Zao Pate, Y'. The
effxtive addrss is elculated by adding the wond byte
to the ctrtents of the index register. Since this is a lorm of
'Zero Page' addressing the content of the sond blte
referencs a lcation in pate zero. Additionally dG to the
'Zero Pate- addressing nature of this mode, no carry is
added to the high order 8 bits of remory and sossint of
page boundaria dm not

cor.

lndered Abslute

Adde.int

(X, Y

indexint)-This fqm

ol addresing is u*d in cdiunction with X and Y index
reSists and is refered to as 'Abdute, X-. and 'Absolute,
Y'. The eff(tive addres is formed by addint the contents
of X or Y to the addrss contained in the sond and third
byts of the instructim. This mode dow the index redster to cmtain the index or cont value ild the instructim
to contain the ba* addrss. This type of indexint
any loatbn referencing and the index to modity mltiple
fields rsultint in reduced codinS and exmtim tire.

dbs

AldHrint. ln the implied addrssin8 mode, the
address containing the operand is implicitly stated in the
operation
of the instruction.
tnplied

c*

ords eitht bits of the effedive address. The rext remory
lcation in pate zso contains the hith{rds eight bits of
the effective addr6s. Eoth memory lcations sp{ifying
the high and lowsder bytes of the effective addrss must
be in pate zero.

ltdirccl lndered AddmiB. ln indiEt indexed addressing (refened to as lndirtrt, Y), the ffimd byte of the
instruction points to a memory ltration in page zero. The
cmtents on this remory ldation is added to the contents
of the Y index redster, the rwlt bein8 the lowvder eight
tits of the effedive address. The carry from this additio is
added to the contsts of the next pate zso memory
lcatbn, the reslt beint the highuder eight bits of the
effective addrss.

Abcofne hdirccl. The sond byte of the instruction cdtaim the lowsds eitht bits of a mmory lcation. The
hithorder eitht tits of that remory loction is contained
in the third byte of the instruction. The cqtents ot the fully
specifed mry lmtion is the low€rder byte ot the
ert{tive addr6s. The rext memory ltratim contains the
hithsder byte of the effective addrgs whicfi is loaded
into the 16"bit program cdnter.
A8S'OIUII MAXIAAJM NAINGS

feblive A.Hm*r& Relative addrgsint is u*d onv with
bratrh instructbns and stablishg a destinatim ftr the
conditioal branch. The sond byte of the instructis
btrore the operand which is an off*t added to the
contents of the lows eitht bits of the program cdnter

tupply Voltage

when the c@nter is

Opsatint TmFErature

ol the

off*t

is

st

at the next imtruction. The range

-128 to +127 byts from the next instM-

tion.
lndexed hrdl€cl AddBring. ln indexed indirect addi65int (refered to as lndirst, X), the econd byte of the
instruction is added to the contents of the X index register,
disardinS the carry. The
of this addition [pints to a
memtry ltration m paSe zero whos cmt6hts is the low-

rdt
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Rllitr

Sylt$ol

Vrlue

Vcc

-0.3 to +7.0

lnput Voltate

Storage

-0-3 to +7.0

Tmpcrature

r^
Tsrc

O

to +70

-55 to +15O

ldr

ld.

.c
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c^t ltot{
fhis devke cmtains hpnt Nol€lkn q4inst damqe fue
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MCSSgn
EtfCillCAL Cfl nACftRrSnCS rycc = 5.0V +

5%, Vss = 0, Ta = 25.6;
0r, 02 applies to MCS6512, 13, 14,15, 0o{h) applies to MCS65O2, 03, 04, 05 and 06

Pdmets

Sfnbol

lnput High VoltaSe

,rlir

vs +
vcc

lnput Low Voltage

lnput HiBh Thrshold
Volta8e

Vrm

-

vss vss

Tvp

2.4
0.2

Mrx

Unit

Vcc

Vdc

+ 0.4
v$ + 0.2

Vdc

vss

0.3

V55

*

(in)

Logtc, 0e

1ny

oz

ov oz

vss + 2.0

lnput Low Thrshold

0o

or

vcc + 0.25

0.3

T6r Condilion
Lotic,

O.8

Vdc

R-E NMt-, RDy, tRe-, Data, s.o.

Vdc

REs,

NMl, RDY, lRQ, Data, S.O.

Voltate
lnput Leakage Current

tN

(VN = 0 to 5.25V, Vcc = 0)
toSic (Excl. RDY, S.O.)
ot, oz

2.5
100
10.o

lrs

Thr*State (Off

V66

Output HiSh VoltaSe

State)

ra

0o (n)

(Vn = 0.4 to 2.4V, Vcc = 5.25V)

10

lnput Current

Data Lins

vs +

(lLoo

Vdc

2.4

-

-100rAdc, Vcc = 4.75V)
R/W

SYNC. Data, A0-A'15,

v$ +

Output low Voltage

0.4

(ltom

Vdc

-

1.5mAdc, Vcc = 4.75V)

SYNC, Data.
PD

Power Dssipation

c

Capacitance

.25

pf

Ctl

(Vn = 0, Tr

10

30

Cn,

50

rcfi
iio ad

M

4rnr
o1
O2

require 3K pull-up rsistqs.

Os ( lN)

Or (OUT)

Oz(OUT)

REF

192

Data

50
50
80

c1oq( nMt{G-Mcs65o2,

"A"

25'C, f

A0-A15, R/W,sYNC

12

coor.r
cot

-

Logic

'15

co.r

A0-A15. R/W

.70

tt3,

fi,

0s,

6

=

lMHz)

MCS5fln
1

Il ltlc

MHz

clocx nMt{Gnvcs65'r2, 11

14, 15

Tcvc

Cycle

PVVH

Clck

Cl

PWH 02

llin

OEncterblk

Syr5ol

hrlseWidth
(Meaued at Vcc - 0.2 V)
Time (lvleaared

frm

Fall

TD

Delay Time Betwen Clods

ctocx nMr{GJr4csetoz, a,

04, 05,

O1

62

0.2 V to Vq6

Tg

(t{erued

-

Cycle Time

do

Te

Delay Timi) Betwen Clocks (reasred at 1.5 V)

PWI-|or

0r

PWr.rcr

Or

Tr, Tr

rec
25

Fall

rvp

M.t

Unil

520

ns

10

ns

(reasd

at 1.5 V)

r(M Puls Width (reered at 1.5
dr ou+ dl purn Rir, Fall Time

(reured

ns

460

1.5 V)

Tire

tulse Width

.8 V

ng
ng

0

llin

PWHco

r(M

nFc

1(m

TRco, TFCo

Ris,

unil

6

CoN tuls€ width (reasred at

N

MI

430
470

0.2 V)

at 0.2 V)

Ow.clerblk

SyllSol
Tcvc

Tvp

r(m

Tire

V)

ns

5

Pwthd-20

PWMa

n5

Ptwtcd-,tt)

PVr'Hod-10

n5

25

n5

Tvp

Mar

thil

1m

300

ns

1m

3@

ns

575

ns

to 2.0 V)

(l-Gd-30pF+1TTt)

Rt D/Wtmn ihlc

Ou.derirlk

Sydd

Frm

Trm

Read/Write Setlp Tire

Ts

Addrss Setup Tim Frm MC565@

Trcc

L.lemdy Read Accss Tire

Ts6g

Data Staulity Time Period

lvlit

MC55500

Ta

Data Hold

Tim-Read

10

Tcw

Data Hold

Tire-Write

3{)

Tm

Data Setup

Tim

ns

1@

ns

@
150

From MC565@

n5

2@

n5

350

6

1m

ns

Tmr

RDY, S.O. Setup Time

Tsvrc

SYNC Setup

Tre

Addrss Hold Time

30

60

n5

R/W Hold Time

30

50

n5

Trnw

Tire Frm

MCS65oo

MCS6fln
2Mlk ftMilc

1, fi

CIOCX nMNCFA,lCt6512, 1t, A,

Chncteddk

Syfl$ol
Tcvc
PWH

Cycle

cl

PWHo2

tvlin

Tim

Width
- 0.2 V)

Cloct tube

6'l
62

(Meased at Vcc

Tire (lr,leamd trm 0.2 V to Vcc

fs

Fall

f5

Delay Tirre

Betwffi Cltrks (Mea$red

crocx ftrthG-Iucs650e

l,3, 04, 05,

-

Mrr

215
235

|ffi
12

o

nrec

nsc

tb

Tcvc

Cych Time

Pl'Vl-10"

0o 6y

TRco TF6o

{o6yRie,

Ts

Dehy TirE Eetwm Clcks (measred at 1.5 V)

Pf/Vllti

{11s1 tul*

PWHc2

02

Tr, Tr

6r lorry Cz 1uy Rie, Fall Time
(m€asred .8 V to 2.0 V)

Mh

Tvp

Mil

5@

tule Width (measred at

1.5 V)

(reasred at

lhit
n5

2n

FallTime

260

ns

10

ns

5

ns

1.5 V)

Plvl'lod-20

PW'{da

ns

Width (measred at 1.5 V)

pwHc*-4

P,\irr'Hod-10

ns

25

ns

l,rnil

WirJth

rm tul*

L,nir

ng

0.2 V)

at 0.2 V)

qwrdsblk

Syn$ol

Tvp

5m

(l-od=30pF+lTTt)

R[AD/WNllfNMNG
Tvp

M.r

Trws

Read/Write Selup Tirc From MC5650OA

1m

150

ns

Tem

Addrcs Setup Time Frm MCS65@A

1m

150

ns

Tecc

Mercry

tm

ns

T95g

Data Stability Time Period

50

Tr

Data Hold Time-Read

10

Ts

Data l-lold

O[r.clerislic

Syn$ol

Read

Nlir

Acc6s Tim

Tim-write

30

ns
ns

60

n5

Tuog

Data Setup Time

Frm

Trov

RDY, S.O. S€tup

Tire

Tsvrc

SYNC Setup

Txa

Addrss HoH Tire

30

60

ns

rmw

R/W t{old Tire

30

60

ns

MCS65mA

Tim Frm

75

1@

50

n5
n5

MCS65OOA

175

ns

APPENDIX

Apple Interface
Breadboand Parts
Parts required for the construction of the Apple Interface Bread-

board:

ICl&7

16-pin resistor network, eight independent 1000-

IC2&6
Ic 3,4, & 5

8-position DIP ;witch (on-ofi )
SN74LS85 Quad comparator IC (Do Not Substi'
tute SN74L85)
SN74LS20 dual four-input r.reuo gate IC
SN74365 or DM8095 three-state bufier
8216 noninverting bus bufier, Intel or equivalent

IC8
IC9
IC10&11
TC L2

IC
IC

rc

13
14
15

IC 16, 17, 18,
&20

IC

19

Dl-D4
D5
D6
D7

D8&D9

ohm resistors

SN741# decoder IC
SN74M inverter IC
SN74123 or SN74SL123 dual monostable IC
LM319N dual comparator ( 14-pin package )

High-quality 16-pin IC sockets, Augat 516-AG10D, or equivalent
High-quality 8-pin IC socket, Augat 508-AG-10D,
or equivalent
1N4001 50 piv, l-ampere diodes*
Yellow LED
Red LED
Green LED
1N4148 or 1N4154, small-signal diodes

Rl&R8

R2&R3
R4&R5
R6
R7

cl

c2,4&5
c3&c6
c7&c8
VR
P1

P2

T1
Misc.

1000-ohm, t/a-w att resistor
220-ohm, l+-w att resistor
47K, Ya-watt resistor
3900-ohm, l+ -w att resistor
t/q,-w att resistor
22N-p,F,16 V dcw electrolytic capacitor (axial)*
0.l-g,F disc ceramic, SO-volt capacitors
l-pF, 35 V dcw tantalum electrolytic capacitors
3.3 pF, 50 V dcw electrolytic capacitors (axial)
LM309K S-volt, l-amp voltage. regulator*
Molex right-angle 6-pin connector (PN 09-751061) optional
Requires l@ mating female housing (PN09-507061) and 6@ connector pins (PN 08-50-0106
or 08-50-0108)
40-pin right-angle jumper header, AP Products
923875R, or equivalent
12.6 V ac transformer I amp
1l l6-pin IC sockets
3 l4-pin IC sockets
I 24-pin IC socket
Cable assembly: 40-pin header on one end, with
a 40-pin card edge connector on the other, facing the same direction
Solderless breadboard socket, SK-10, Superstrip,
or equivalent, 4@ 4-40 x 5/e fat-head mach.
screws, 4@ #4 internal-tooth lock washers, 4@
#4 hex nuts.
Heat sink for VR, 2@ 4-40 X Vz mach. screws,
2@ #4 internal-tooth lockwashers,2@ #4hex
nuts, mica insulator, thermal grease ( optional ).
Power cord

2200-ohm,

The parts marked with "i" are not required if an external +5-volt
power supply will be used to power the system.
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APPENDIX

Printed-Gircuit
Board Artwork
This appendix contains artwork that may be used -to make a
printed-ctcuit board of the Apple interfacing breadboard. Since the
artwork has been reduced, it must be enlarged before it can be used.
We recommend that you have a print shop make a high-contrast ftlm
negative, or positive, depending on the process that you -will use.
Thi long thick black line in each of the three diagrams should be
enlarged so that it is four (4) inches long. The process-camera
opeta:tot should be able to correet the enlarging process -so that the
resulting fflm is the right size for the printed-circuit board. You may
not choose to use the parts overlay, but it has been provided as a
guide to the placement of the various parts.
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lndex
A

ACID PUMP,

III

BCD, 132-136
Bidirectional,
Binary

l0

codes, 132-136
notation, 27

Address

bus, 15
comparison,42
decoding, 26-27
decoder circuit, 73
use, 92-96
lines, 27
negative, 25
page, 10
positive, 25
select pulse, 31
selection signal, 39

l6-bit,27
Addressing, device, 27 - 43
Analog-to-digital converter, 154-161
ewn gates, 27

numbering,25
Bit, least-significant, 152
Breadboard
basic, 69-80

construction, S0
Buffer enable, 52
Bus

bufier chips, 155
circuit, 76
-compatible chip, 175
low address,23
Byte, 9, 61
least significant, 103
most signiffcant, 103

ANSWER,61
APPLESOFT BASIC, 17

c

Assembly

CALL,67

langtage,23-25
logical operations, 60-62
B

BASE PUMP,

IIl

BASIC,23-25
interpreter, 24
Bar
graph, horizontal, 125
notation, 15

Capacitor-charging circuit, 159
Card readers, 14
Chip-enable input, 12

CLEAR,47
Clock signals, 173
Comparators, using, 4l-43

Comparing,2T
Connections to Apple, 80-84

Control sip.al, 15
203

Controllers, 14
Converter
analog-to-digital, 154-161
digital-to-anal og, 127 - 132

Field-programmed, 12

Crash, 18

Flag(s),58-59

F

Fetches, 67

circuits, 64-65, 149 -I54
clearing, 63
commands, 154

D

complex,62-64
-detecting software, 59-60
multiple, 66

D/A converter, 127
DAQ,L27

priority, 66

Daisy chain, 170
Data, 6l
bits, 54

status, 57
testing, 64

timing,63

bus, 15

Flip-fop

control, 22-23
display, L22-127
logging, 122-127
transfer, 22-23

circuit, 65
timing,65

Debounced pulser circuit,

l8l

Debug,25

Floppy disks, 64

Full/empty, 149
Function pulse, 31

Decimal numbering, 25
Decoded address,
Decoders

3l

G

G input,34
Gates, address decoding, 27 -32

device,72-75
large,37-40
memory,72-75

Gating, 27

circuit, 29
input, 133
logic,27

using, 33-37

xJine, 33
y-line, 33

programmable,30

Decoding, 27

DEV SEL, I16
Device
decoclers, /z-lb
select pulse, 3f, 96-100

lt

Digital-to-analog converter, L27 -132

High-impedance state, 133

Dip switch, 92
Display(s),14

HOME, 16
Horizontal bar graph, 125

Hot/cold, 149

memory,24

DMA,172
DRYER, I11
Dummy variable, 61
Dynamic memory, ll

I

INH,172
Input

E

/output (I/O) devices, 14-15
port(s), 17,49-56

ENABLE,34

applications, 106-115
ctnstnrcting, f00-103
interactions, 119-129

Experiments, introduction, 8G89

multibyte, 103-106

8-bit output port, 116

2U

INTEGEN BASIC, T7
Interface
circuits, 20-22
control signals, 166-175
Interfacing, 175-179

Intemrpt(s), 66-67
flag circuit, 169
polled, 170
request, €6, 169-L72
Inverted signal, 31

r/o

commands, 15-16
device address decoding, 26-27
synchronization, 57-58

L5,72
LSB, 152

LSBY,120

t{
Maps, memory, 19-20
Mask, 6l

-programmed, 12
Memory, 10-14
decoders, 72-75
display, 24

dynamic, 1l
map, 19-20
static, ll

program, 15

MEMR,13

SELECT,166-167

MEMW, T3

STROBE,16T-168

Monitors, lamp, 180
Most-significant byte, 103

rRQ,66, t69-172

Mn,
t

Lamp

monitor(s), 136,

13

MSBY,I2O
Multibyte input ports, 103-106
180

MW,

13

circuit, 180
N

Latch, octal, 47
Least

-signiffcant bit, 152

byte,103

LED,71
Light-emitting diode, 71

NeNo gates,27
Negative address, 25

NMI,66, t69-r72
Nonmaskable intemrpt, 66, 169-172
Non gates, 29

LOAD,16

o

Logic
chips, 143
-device tester, 143-149
levels, 143

Octal, latch,47
Operational ampliffers, 161
on gates, 29

monitors,4T

Output

one, ?Jl

used for control, 60

probe,Tl-72
circuit, 72

port( s ), L7, 44-49, 132-136
constmcting, 115-l19
interactions, ll9-I22
three-state, 50

use, 89-91

-switch circuit, 181
P

switches, 181

2erc,28
used for control, 60

Logical
operation(s), 58-59
zubroutine, 62

Low

Page address, 10

PEEK commands,
Peripherals, 14
Pin conffguration

l8

ADC0804,155
LM335,160

-address bus, 28

NE50l8,

-power Schottky, 72

sN7402,92

127

205

Pin conffguration-cont
sN7474, r50

RD,53
RDY, 173
Read

sN7475,46

-from register, 178
only, 1l
,/write, 11

sN7493, 147
sN74125, 50
SN74LS139,33

Ready/busY, 149
Refreshing, l1
Register
read-from, 178

sN74175,46
SN74LS244,52

sN74365,52
SN74LS373,46

write-to, 178

2114, 13

RES, 172

2708, 13
6502, 11
82L6,77
8251A, 176

ROM, 11

R/w,11

PLOT,16

s

POKE commands, 18
Polled interrupt, 170

Port(s),

17

constructing inPut, 100-103
output, 115-119
input,49-56
rnultibyte inPut, 103-106
ouftrut, 44-49, L32-136
Positive address, 25

SAVE, 16
Schottky, low Power, 72
SCRN, T5
Sensors, 14

Sequencer,140
Software
commands,20-22
flag detecting, 59-60
-generated Pulses, 96

Power,174

I7O control instructions, 15-25
Speaker control Program, 22

supply, 69-71

PRINT,T5

Static memory,

Printers, 14
Programmable
gate,4L
gating, 30
Pulse(s)

T

address select, 31
device select, 31

Tester, logic device, 143-149

Timing diagram,22

function, 31
-generation circuit, 93

-inverter circuit, 128
software generated, 96
using device-select, 96-100
Pulsers, 181-182

Traffic-light controller, f 36-143
Truth tables, 29
12-bit input conversion, 56
256-byte memory exPansion circuit,
179

u

o
Unbuffered,75

Qualiffer, 40

USART
n

RAM, 13
Random
access memory, 13

color Pattern generator, 16
206

ll

Status fags, 57
Switch, dip, 92

chip, 175
receiver control subroutine, 179
-to'ApPle interface circuit, 178
transmitter control zubroutine, 179
USER I,173

READER SERVICE CARD
To better serve you, the reader, please take a moment to fill out
this card, or a copy of it, for us. Not only will you be kept up to date

on the Blacksburg Series books, but as an extra bonus, we will
rrndomly select five cerds every month, from sll of the crrds sent to
us during the previous month. The nsmes thrt sre drewn will win,
absolutely frce, r book from the Blacksburg Continuing Education
Scries. Therefore, make sure to indicate your choice in the space
provided below. For a complete listing of all the books to choose
from, refer to the inside front cover of this book. Please, one card
per person. Give everyone a chance.
In order to find out who has won a book in your ariea, call (703)
953-1861 anytime during the night or weekend. When you do call,
an answering machine will let you know the monthly winners. Too
good to be true? Just give us a call. Good luck.

If I win, please send me a copy

ofi

I understand that this book will be sent to me absolutely free, if my
card is selected.

For our information, how about telling us a little about
yourself. We are interested in your occupation, how and where you
normally purchase books and the books that you would like to see
in the Blacksburg Series. We are also interested in finding authors
for the series, so if you have a book idea, write to The Blacksburg
Group, Inc., P.O. Box242, Blrcksburg, VA240lfi and ask for an
Author Packet. We are also interested in TRS{0, APPLE, OSI
and PET BASIC programs.

My occupation is
I buy books through/from
Would you buy books through the mail?
I'd like to see a book about
Name
Address

City
Zip

State

MAIL TO: BOOKS, BOX 715, BLACKSBURG, VA
!! ! !!PLEASE

PRINT!

240fl0

!! !!

-

21862

The Blqcksburg Group
According to Businec! Week mogozine (Technology luly 6, 1976) lorgc scole integrotcd circuitr
or LSI "chips" ore creoling o second industriql revolulion thot will quickly involve us oll. Thc
rpeed of lhe developments in this oreo is breoihtoking ond il becomes more ond more difiicult lo
keep up with the ropid odvonces lhol qre being mode. lt is olso becoming difiicult for newcom.r!

lo

'1gel on boord."

It hos been our obieclive, os The Blocksburg Group, to develop timely ond efieclive educqtionol
moteriqls thot will permit students, engineers, scienlisls, lechnicions ond others to quickly leorn
how to use new lechnologies ond electronic techniques. We conlinue to do lhis lhrough severol
mecns, lextbooks, shod courses, seminors ond through the development of speciol elecironic devices ond troining oids.

Our group members mqke their home in Blocksburg, found in lhc Appolochion Mounloinr of
couthwestern Virginio. While we didn't octively slqrl our group collcborqlion unlil the Spring
ol 1971, members of our group hove been involved in digitol eledronics, minicomputers ond
microcompulers for some lime.
Some

of our posl experiences ond on-going cforts includc thc {ollowing:

-The design ond development of whot is considered to be the ffrsl populor hobbyisr computer.
The Mork-B wqs feolured in Rodio-Electronics mogozine in 1971. We hqve olso designed severol
8080-bosed compulers, including rhe MMD-I syslem. Our most recent computer is on 8085-bqsed
eomputer for educotionol use, ond for use in smqll conlrollers.

-The Blocksburg Conlinuing Educotion Seriecfl covcn rubiccls ronging from bosic elcchonio
through microcompulers, operolionol omplifiers, ond qclive ftlrers. Ted experimenls cnd exompler
hove been provided in eoch book. We ore strong believers in lhe use of detoiled experimenls ond
exomples ?o reinforce bosic concepls. This series originolly storted qr our Bugbook series ond mony
lilles qre now being trqnsloled inlo Chinese, Joponese, Germqn qnd ltqlion.
-We hqve pioneered lhe use of smoll, self-contoined compulerc in hands-on courses for microcomPuler users. Mony of our designs hove evolved inlo commerciol producls thot ore morkeled
by E&[ lnstrumenls ond PACCOM, ond qre qvoiloble from Group Technology, [td., Check, VA
21072.

-Our short courses ond seminor progroms hove been presented throughoul lhe world. Progroms
ore offered by The Blocksburg Group, ond by the Virginio Polyiechnic lnslilule Extension Divirion. Eoch series of cources provides honds-on experience with reol compulers ond eleslronic
devices, Courses qnd seminors ore provided on o regulor bosis, ond ore olso provided for groups,
componies qnd schools ot q sile of iheir choosing. We ore slrong believers in procfir:ol loborclory exercices, so much time is spenl working wilh electronic equipmenl, @mpuler ond circuils.
Additionql informolion moy be obtoined from Dr. Chris Titus, the Blacksburg Goup, h- (7Gt)
or from Dr. Lindo lefiel, Virginio Tech Continuing Educotion Center flB) 961€:Ll.

951-9030

Our group members ore Mr. Dovid G. Lcrsen, who is on the foculty of tbe Deportxr ol Cf*
istry ot Virginio Tech, ond Drs. Jon Titus qnd Chris Titus who worl fulHine uilt lf,. d-.L.Tlrg
Group, oll of Blocksburg, VA.

