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If you have recently purchased a Commodore 64™ Personal
Computer, or are thinking of purchasing one, you probably
have many questions about your computer’s overall usefulness.
While you bought it for a specific purpose in the first place, you
may wonder what else it can do.

There are more potential future uses of the Commodore 64
than any purchaser can dream of today. As you sit in front of
the computer, you can look forward to hours of enjoyment
using the many applications programs and the various “off-the-
shelf” games that are available for the system. If you are a
beginner in home computers, these games and programs may
seem difficult to master at first, but this difficulty will soon pass,
so do not worry.

At first you may be hesitant to use the system. A “fear of the
unknown” surfaces as you test the machine’s reactions to your
nimble (or not-so-nimble) touches on the keys. Then, your confi-
dence improves as you discover that nothing drastic happens
when you press the wrong key. The Commodore 64 is a very
forgiving instrument.

Before long, you are skillfully running, modifying, and writ-
ing programs. The once-formidable task of using a home com-
puter is now easier. Soon you find yourself looking for new
challenges and new applications for the computer. You may
wonder at this point, “Can | use the computer around the home?
Is it possible to control my appliances, heating, or security sys-
tems with my computer?”



You know these things are possibilities, because you have
read about them. However, if you feel it is far beyond your abil-
ity to accomplish them, you will soon see that you are wrong.
The realization of these controls with your Commodore 64 is
not beyond your capabilities. The required information may be
different from that which you use everyday, but making the
Commodore 64 connection is a straightforward, fairly simple
process.

The designers of the Commodore 64 showed valuable fore-
sight in anticipating those system users who do not know or
care much about hardware, but who want to create new inter-
faces between their system and the outside world. The Commo-
dore 64 architecture was designed to make interfacing easy.
You do not have to be a computer expert to construct the hard-
ware or write the software for controlling external devices. This
claim will be borne out as you progress through the examples
outlined in the text.

So if you are ready to come into the world of computer con-
trol, this book is the first step. It will open the door to the essen-
tial information needed to connect your computer to a variety
of peripheral devices.

Without any further hesitation, turn the pages and learn to
make the Commodore 64 connection.



This book is written for everyone who wants to understand
how the Commodore 64, as well as other home computers, can
be interfaced to the outside world. This book illustrates the
essential concepts of computer control and interfacing. How-
ever, you can readily adapt the information and ideas presented
here to most home computers.

This text assumes you can write simple programs in BASIC.
An extensive knowledge of BASIC is not required to get the
maximum benefit from this text. The hardware concepts are
presented with the understanding that many readers may not be
familiar with digital electronics. You do not have to be a soft-
ware or hardware expert to make good use of the information
given.

This book is organized so you can understand how all the
pieces of the interfacing-and-control puzzle fit together. The
path given in the following pages is straightforward and fairly
simple, but you will have to learn some new, essential informa-
tion and concepts in order to interface and control external
devices with the Commodore 64 and other home computers.

Chapter 1 introduces and defines the concept of computer
control, and presents some new vocabulary.

Chapter 2 discusses the software required to output informa-
tion to an external device with the Commodore 64. The pro-
gramming language we will use is BASIC.

Chapter 3 discusses the software required to input informa-
tion to the Commodore 64 from an external device. Again, we
will use BASIC as the programming language.



XV

Chapter 4 introduces the basic hardware concepts necessary
to input and output information to and from the Commodore
64. This chapter is designed for readers who are unfamiliar
with digital electronics, and who want to learn only as much as
they need for practical purposes.

Chapter 5 presents an application of computer control in the
design of a home-security system. It starts with a definition of
the problem, and works through the software and hardware
concepts necessary to have a working home-security system.
After this chapter, you will have a good general idea of how to
use the computer for home security.

Chapter 6 shows how to make the Commodore 64 produce
speech, with an introduction to speech synthesis using pho-
neme speech techniques. This chapter then covers the software
and hardware required to let your Commodore 64 speak when
and what you desire.

Chapter 7 discusses the difference between the terms analog
and digital, using examples. This chapter concludes with an
explanation of the term transducer.

Chapter 8 shows how to perform analog-to-digital conversion
with the computer, and discusses general concepts applicable to
most home computers. An actual analog-to-digital converter is
connected to the Commodore 64, with all of the important soft-
ware and hardware details shown. The chapter concludes with
a discussion of the hardware and software needed for measur-
ing temperature with the Commodore 64.

Chapter 9 presents the opposite of analog-to-digital conver-
sion, digital-to-analog conversion. The basic concepts are intro-
duced, and an actual digital-to-analog converter is connected to
the computer. All of the important software and hardware for
digital-to-analog conversion are covered.

Finally, the Appendices present useful reference information:
a glossary, instructions for reading schematic diagrams, manu-
facturers’ data sheets, a Votrax® phonetic speech dictionary,
and a list of vendors for the equipment described in this book.

The use of computers to control and monitor the environment
around the home is increasing and will continue to increase in
the future. If you want to become involved in the exciting field
of computer control, this book is a good starting point.



I A I KN R I I
JJJJIJIJIJIJIIJIJ
JJJIJIJIIJIIJIIJI
JJJIJIJIJIJIJIIJJI-

=3 J 3 J_ -

JJ3 4 3




INTRODUCTION TO
COMPUTER CONTROL

B
Ny— P N Am Do M e
R B
J.J.l.. — JJ..J -
nos - -
Jd
©

nnNN -

) JJJM - o o] - .
gl i cs2=zgyELgg
S SESE888588
T, 25700 3 S 20w ©
R0, 70n T O % G 9 o = o =
=Tl Do > O c < >=9
5inn Po7 2] S O o iy =
- EETo N S O = = m .n <
e o= L3 - &
Tan e = 2] ._. e
P vqeo L2 =} — m = <
1 o

LT ae SE o306 29589
T @5_2°E=272

X [5) JL s =

& 25853228485

= = 4= C O T
EXEsEo0o0ag,_2cow
- oc @ ¢ -t 3§
ey E¥o038389gea 2
g TR cC = © L S .= 0=

K n e o .= o O + @

g0 S5 T528°F
= T cEc S E = € O =

R o © S5= 0O 0O >0

St ol= S o== 2
Lo o =8 Ccw o
i - Q-

i > [¢B] m O O @
12027 i T = & o S5 o4 =
" —L5o0=285 2o
032 _FE2Se
hPn nls =2y ECEECS o
non7n JJ,JJJ m m — © 3 m
R T I o® o ym v O
Pl P @ SSacyg o e o
) (&] T o o
JJJJJJ n O __ un @ m [qo] o o
" an7mmn s = © - ; N s O
nn ) L [} m eﬁ _
D A n R m 2=+ o Q = =
R = — =S58 ¢ 5 <c
99 Ann 0 s SNGCREoS= =
o g =0

oM,
7 amnnnn
" L PP n
Piciusl n_"lenn
"
h. T i -
v —y LT -— - o
. - - e
2nla2nnn -—— —_ - - - -
non7n n n = T - - = m—
n N n_~_"_".7_" ——— —_— - - - —
iRl R T M i —r— _ - —_ T —
T I S WL B ——— - "= - ——
GG T 1o— - - - - m—
n n 0T — —_ - - - ——
[ =
oo -
v G I
! ,
o ,
, Ll LUEE
1 -
m JJ,J,J JJ|T17J|I1I n PN -
_ - _ | n_n_on T N -
T — —" " Nnnn 70 ) el
> - = N N _n_n ?n_7_n -n
—_ T — _n n m'n’n m'’nnln -

are used in spacecraft and automated fac-
tories, the term can also be applied to much
simpler home applications, such as those

described in this book.
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THE COMMODORE 64 CONNECTION

1.1 What is Computer Control?

The overall objective of this book is to help you understand
computer control. With this understanding will come new in-
sight, allowing persons not directly involved with scientific uses
of the computer to see many ways they can use computers in
the home. As you develop these home applications, you will
lose whatever fear you may have of automation, and gain
insight into what computer control can do and how it can help
you. Another major objective of this book is to show that com-
puter control does not have to be complicated.

We use the Commodore 64 in this text as the means of con-
trol. However, the concept of computer control is applicable to
almost any home computer. If you have a Commodore 64 at
home, you have already used computer control and may not
have been aware of it.

To answer the question of what is meant by computer control,
we will see several examples of how a home computer is used.
The simple concept of computer control is graphically illus-
trated in Figure 1.1, which shows the computer connected in
some way to direct the action of another piece of hardware.
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This, in essence, is what computer control is all about: the
computer directs the physical or electrical action of an external
hardware device.

In almost any computer-control application, the computer
must have a way of understanding how the external hardware
is responding to its control. Therefore, the computer must not
only direct but also monitor the action of the external hardware.
In Figure 1.2, we see that the computer will receive information
from the external hardware. Based on that information, the com-
puter can modify the directions it gives to the external device.

This simple example illustrates the two essential concepts of
computer control:

1 The computer transmits instructions to the external
hardware.

2. The computer receives information from the external
hardware.

These two concepts are the basis for computer control. The
purpose of this book is to explain how these two tasks are
performed.

COMPUTER

EXTERNAL
INSTRUMENT

Figure 1.2: The computer will send information to the external device to control the device's
actions. Information can also be sent by the external device to be read by the computer.

3
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1.2 A Practical Example
of the Two Basic Concepts

An example of computer control that most of us can imagine
using is a home-security system. Through diagrams, we will
see that you can achieve this goal using only the two concepts
we have outlined. We will develop such a system in detail in
Chapter 5.

Let’s start by defining what we want the security system to
do. In short, we want our home safe from intruders. Unfortu-
nately, this statement is useless for our purpose, because the
word “safe” conjures up entirely different meanings to different
people. Let’s try to be more precise: the system will detect any
window or door being opened, will indicate which door or win-
dow it is, and will sound an alarm if any door or window is
opened. This is the exact definition of what we wish the system
to do. In Chapter 5, we will expand on this definition to show
new ideas for a computer-controlled, home-security system.

Using this definition will require that the doors and windows
be capable of sending information to the computer as in Figure
1.3. This is the second concept that was given in Section 1.1., of
the computer receiving information from an external device.

If the computer detects that a window or door has been
opened, the computer must send information to an alarm to
direct it to emit noise, as shown in Figure 1.4. This type of com-
puter action is the first concept we saw in Section 1.1, of the
computer sending information to an external device.

Figures 1.3 and 1.4 show that the computer can perform all of
the functions of our system using only the concepts we out-
lined. It is true that we have deliberately glossed over some
important points: How does a door or window send electrical
information to a computer? How does a computer sound an
alarm? Exactly how to do these things is what this book is all
about. But it is too early in the discussion to cover these details
yet. You can be assured that later chapters will tell you in detail.
For now, we must understand where we are heading. From our
first example, we can see that we can reduce computer control
to the repeated application of the two basic concepts. You must
completely understand these concepts before you go on.
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COMPUTER

on an alarm. ALARM

Figure 1.4: A computer will send information to the alarm to inform the user that a window or
door has been opened.
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1.3 Some New Vocabulary

When we enter a new area of study, a major obstacle we face
is learning the essential vocabulary. Interfacing a computer to
control an external device is no exception. This section will dis-
cuss some new words that you may encounter when reading or
talking about the topic. If you own or have access to a Commo-
dore 64, you are probably beginning to read some of the maga-
zines and books now available on using computers in the home.
You may also have friends or associates who talk “computerese.”
All the new terms cannot be defined here but, as the topics in the
text warrant it, we will introduce new vocabulary. The new
words given in this section are meant to help beginners under-
stand the literature (including the Commodore 64 documenta-
tion) as quickly as possible.

The two major concepts we have introduced—sending infor-
mation from a computer to an external device, and receiving
information from the external device to be used by the com-
puter—are referred to as output and input, respectively. These
terms are applied both to the information itself, and to the com-
munication of information between a computer and an external
device. Thus, output is both the information sent and the trans-
fer of information from the computer to the external device,
and input is the information entered and the transfer of infor-
mation from an external source to the computer.

If you have ever used a Commodore 64, you have used input
and output. When you press a key on the keyboard, the com-
puter is inputting the information of that particular key. When
the letter of the key appears on the screen of your video moni-
tor, the computer is outputting information to the monitor. We
may think of the keyboard or the video monitor of the Commo-
dore 64 as a device for input and output, because we think of
the device as being external and connected by, for example, a
cable. In fact, although these components are integral parts of
the system, they are external to the computer’s central processing
unit, or CPU. Other external devices might include the special
applications we will be developing in this book, or commercially
available peripherals.

Consider the case of a printer attached to a system. When
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the Commodore 64 gives a printout, the operation of the printer
is controlled by the computer. While the printer is printing and
causing the paper to scroll, the computer is outputting informa-
tion to the printer. If you have a floppy-disk drive or cassette
recorder attached to your Commodore 64, the computer also
controls these devices. When the computer writes your program
onto the disk or tape cassette, it is outputting information.
When the computer reads a program from the disk or cassette,
information is being input to the computer.

Figure 15 illustrates the general concept of input and output.
These two terms are sometimes combined and abbreviated to
the single term 1/0. Whenever the computer is controlling an
external device or performing input and output events, the com-
puter is said to be “doing 1/0.”

COMPUTER

COMPUTER

EXTERNAL
INSTRUMENT

Figure 1.5(a): Thisis an example of output. The computer is sending information to the external
device.

(b): This is an example of input. The computer is receiving information from the external device.

7



8

THE COMMODORE 64 CONNECTION

The next term we will discuss is transducer, which is used fre-
quently when discussing 1/0. To illustrate what a transducer is,
let’s return to our example of a home-security system. In this
case, we constructed a means by which the computer would
receive input information concerning the physical position of a
door or window. The information input to the computer is elec-
trical, but the door or window only gives out information about
physical movement, because all it can do is move. Therefore,
we need some type of device that changes the physical move-
ment of the door or window into electrical information that can
be input to the computer. The device that allows this to occur is
a transducer.

This is one type of transducer. As we will see in Chapter 5,
the device used is a simple switch, open when the window is
open and closed when it is closed. In general, a transducer is a
device or piece of hardware that translates one form of energy
or information into another. In the example just given, the trans-
ducer must be capable of converting movement into electrical
information. Other examples of transducers are:

1. temperature transducers
2. pressure transducers
3. revolutions-per-minute transducers

As you can see, transducers are classified by the type of infor-
mation they translate into electricity. Figure 1.6 shows how a
transducer would fit into the computer input path from an
external source.

At this time, you may wonder if a transducer is used when
the computer is outputting information. In the example of the
home-security system, the computer would sound an alarm—
either a loud bell or siren—if an open window or door were
detected. Figure 1.7 shows how a relay is used to activate these
devices to output information from the computer.

The next term to discuss is digital, which may already be
familiar to you. Generally, the term means that there are dis-
crete values assigned to a particular event. For example, televi-
sion channels are assigned certain frequencies out of an infinite
range of frequencies. Selecting a TV station is a digital process,
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COMPUTER

Figure 1.7: This diagram shows a physical device that will transform the electrical output of the computer into a physical
event. This device, a relay, will transform the electrical output of the computer into movement of the relay contacts.

because the channel values can be those specified and no oth-
ers. We do not have channel 2.5, for instance, because we have
only specified channel 2 or 3.

The term digital is usually contrasted with the term analog.
Digital systems count discrete units; analog systems measure
over a continuous range. The term analog is discussed at greater
length in Chapter 7.

When applied to a computer, the term digital means there are
discrete levels of voltage in the electrical signal. The pattern
of discrete levels of voltage is the code that contains the infor-
mation. All information output by the computer or input to the
computer must be made up of two voltage levels. All infor-
mation used by the Commodore 64 consists of only these two
voltages. This is the reason the Commodore 64 is called a
digital computer.

The two voltage levels for the information used in the Com-
modore 64 are given the labels 0 and 1. These are the only digits
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in the binary notation used in almost all computers. All infor-
mation processed by a computer is expressed in combinations
of these two digits. In binary logic, every statement is either
true or false. In computer logic, the digits 0 and 1 are assigned
to these two conditions, and are called “logical 0” and “logical
1.” For these reasons, “binary” and “digital” are often used
interchangeably in the computer field. In digital electronics, the
actual voltage value of a 0 or a 1 may vary among different
types of equipment. In some digital systems, a 0 may equal
-1.9 volts and a 1 may equal -1.5 volts. In other digital
systems, a 0 may equal 0.0 volts and a 1 equal 9.0 volts. The
voltage values used in the Commodore 64 are called Transistor-
Transistor Logic (TTL) voltage levels. These voltage levels are
approximately 0.0 to 0.8 volts for a logical 0, and 2.4 to 5.0 volts
for a logical 1. We will discuss what is meant by these voltage
levels in Chapter 4. For now, it is important for you to under-
stand that the Commodore 64 uses only two distinct voltage
levels when information is output or input.

The next term we will discuss is data. This term is used in
many ways when discussing digital computers. For our pur-
poses in this text, data will refer to the digital information that
the Commodore 64 inputs or outputs when we are using it. We
can think of data in a computer as a series of electrical pulses
occurring at specified times.

Since the information that the Commodore 64 processes is
digital, it is referred to as digital data. In other words, the Com-
modore 64 will output and input only digital data. No other type
of data is acceptable. If you are a beginner in using computers,
other types of data may not occur to you now. However, as we
proceed to later sections in this text, we will see other meanings
for the term data.

Let’s now discuss the term bit. To define this term, we must
first look at how digital data will appear in the Commodore 64.
Figure 1.8 shows what one typical piece of data would look like
to the Commodore 64. We see in Figure 1.8 that the data is com-
posed of eight single Is, Os, or any combination of the two. Each
unit of digital data is called a bit, which is a shortened version of
binary digit. Therefore, there are eight bits in the data shown in
Figure 18.

11
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COMMODORE 64

Data lines can be any combination of
logical 1s and Os.

Figure 1.8: Data output lines can be set to any combination of logical Is or Cs.

O 0 0 0o 0 0 0 O BYTE 1

1 1 0 1 0 1 1 O BYTE 2

0O 01 1 1 1 0 o0 BYTE 3

1 0 0 0 1 1 1 1 BYTE 4

1 1 1 1 1 1 1 1 BYTE S
y

Eight bits per unit of output or it

Figure 1.9: These are examples of different data bytes. Each byte consists of a combination of
eight digits, either logical 1 or logical 0, called bits.
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The next new term that we will cover is byte. A byte consists
of eight bits that are communicated at the same time; the bits
are said to be parallel. We can, therefore, describe the digital-
data output and input by the Commodore 64 as data bytes. The
Commodore 64 will output or input digital data in units of one
byte, or eight bits. This information will become important
when we discuss how to select exactly how many Is and Gs will
be present in the data byte. Figure 1.9 shows some different
data bytes.

As we will see, the position of bits in a byte is significant,
because a byte represents a number in base 2. Just as the posi-
tion of numerals in a base-10 number determines their values
as powers of 10, the position of numerals in a base-2 number
(or the position of the bits in a byte) determines their values
as powers of 2. For example, in the base-10 number 357,
the numeral 3 represents 3x 102 In the number 35, the same
numeral 3 represents 3X101 Likewise, in the base-2 number
100, the numeral 1 represents Ix22 and, in the number 10, it
represents 1X21 In both number systems, the rightmost
numeral represents numbers raised to the power of zero. (Note
that any number raised to the zero power equals 1.) As data
bytes, all base-2 numbers are filled out to eight places by adding
zeroes. Thus, 1x22would be represented as 00000100, and
1x21as 00000010. Of these eight bits, the leftmost bit represents
the highest power of 2 (or weight), 27, and is called the most
significant bit (MSB). The rightmost bit, 2°, is called the least sig-
nificant bit (LSB).

When discussing data input and output, people will some-
times refer to the data as data words. A data word is the number
of bits the computer treats as a unit and processes simulta-
neously. For the Commodore 64 and other 8-bit computers, the
data word will be 8 bits, and so data byte and data word are
synonymous. For other types of computers, the data word may
be longer than 8 bits.

Another term that is used often in computer interfacing and
computer control is nibble. A nibble consists of four bits of digi-
tal data. Figure 1.10 shows some examples of data nibbles. In
the Commodore 64, the data byte will consist of two parallel
(simultaneous) nibbles, as shown in Figure 1.11.

13
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0O 0O 0 O NIBBLE 1
1 0 1 O NIBBLE 2
0 1 0 1 NIBBLE 3
1 1 0 O NIBBLE 4
0 O 1 1 NIBBLE 5
\ /

4 BITS = NIBBLE

Figure l.io: These are examples of different data nibbles. Each nibble consists of four bits.

NIBBLE NIBBLE
\ /

BYTE = 2NIBBLES = 8BITS

Figure 1.11: A data byte consists of two parallel nibbles.

1.4 Summary

In this chapter, we have introduced the topics that will be cov-
ered in this text. The following chapters will show how to input
and output information from the Commodore 64 to control
external devices.

We have discussed the two basic concepts of computer control,
using the example of a home-security system. In this example,
the computer must be capable of sending information out to
the external device and receiving information back from the
external device.
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The next section of the chapter introduced you to new vocab-
ulary that is used when discussing computer control in industry
and in computer literature. We will use all of these terms in
this text.






SOFTWARE FOR OUTPUT
FROM THE COMMODORE 64

familiar with the versions of the BASIC pro-
gramming language used on the Commodore
64. You will be given examples with each new
topic that we cover.

We've designed the examples in this chapter
to be used with the Creative Microprocessor
Systems (CMS) /O system. The CMS 1/0
board is a visual means of testing your Com-
modore 64’s input and output programs. You
can install it directly into the Commodore 64,
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In this chapter, we will discuss the pro-
gramming necessary to output digital informa-
tion from the Commodore 64 to the outside
world. We only assume that the reader is
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and output and input data with it. Although you do not have to
purchase this board to benefit from the examples given, you
will learn more about writing this kind of program if you use
the CMS 1/0 board (or an equivalent device). Information
regarding availability of the CMS 1/O system for the Commo-
dore 64 is given in Appendix E.

2.1 Installing the CMS /O System

Before we discuss the software required for inputting and
outputting data with the Commodore 64, we must first learn
how to install the hardware into the computer. This discussion
will bring out important general information about the physical
connections necessary to use computer control with the
Commodore 64.

The CMS 1/O system comprises two printed-circuit boards
(PC boards) and an interconnecting cable. One of the circuit
boards plugs directly into the Commodore 64. The second cir-
cuit board will connect to the first board via a 24-pin ribbon
cable. Figure 2.1 is a diagram of these two boards. Let’s now go
over the details of how to connect the first board directly to the
Commodore 64.

Figure 2.2 shows the 1/O expansion slot for a Commodore 64.
It is through this slot that external instruments are controlled
by the Commodore 64. The Commodore 64 has another slot
labeled User Port. We will not make use of it because using the
1/0 expansion slot will give you a more general technique for
connecting your computer to the outside world.

Static electricity, which is easily generated, can seriously dam-
age a computer’s circuitry. Rodnay Zaks’ book DONT! (or How
to Care For Your Computer) (SYBEX, 1981) describes ways of
avoiding this problem.

The procedure for installing the CMS 1/0O system is as follows:

Step 1. Turn off the power on your computer and any other
peripherals. Always turn off the power when installing any
hardware into the computer.
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Step 2. Turn the Commodore 64 so that the 1/0 expansion
slot at the rear of the computer faces you. This 44-pin, 22/22
(22 pins on top, 22 pins on bottom) slot is located on the far left,
as shown in Figure 2.1.

Step 3. |Install the 24-pin ribbon cable into the 24-pin socket
on the CMS I/O board labeled CMS-641. Be certain to install the
24-pin connector with pin 1 in the correct place. Figure 2.3
shows how to install the cable into the respective circuit boards.

Step 4. Install the CMS-641 circuit board into the I/O expan-
sion slot so that the the ICs (integrated circuits) are on top.
Figure 2.4 shows a diagram of how the circuit board is to be
installed into the Commodore 64.

Plugs into Commodore 64 I/O
M- expansion slot.

8 SPST SWITCHES

Figure 2.1: This diagram shows the two printed-circuit boards that constitute the CMS I/O
system. One board plugs directly into the Commodore 64, while the other board sits alongside
the computer for easy viewing by the user
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Step 5. Run the ribbon cable around the back of the Commo-
dore 64. The cable will then connect to the second circuit board
labeled CMS-642.

Step 6. Connect the remaining end of the 24-pin ribbon cable
into the second circuit board. Be sure that pin 1 of the cable is
connected to pin 1 of the socket on the second circuit board.

Figure 2.2: This photograph of the back of the Commodore 64 shows the 1/0O expansion slot.

Pin 1 will be marked on
the cable header.

24-PIN
RIBBON CABLE

Figure 2.3: The CMS-641 board will plug directly into the I/O expansion slot in the rear of the
computer. A 24-pin cable will connect to this printed-circuit board.
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Step 7. At this time, your system will appear as shown in
Figure 2.5. Now your system is ready for use with the CMS 1/0

system.
Step 8. Turn on the system power.

Figure 2.4: This diagram shows exactly how the CMS-641 board is installed into the Commo-

dore 64.

PC BOARD CMS-641
plugs into I/O expansion slot
of Commodore 64.

Figure 2.5: When both boards are connected properly,
shown.

located in a conven-

ient place so you can

see it while you use
the computer.

the complete system will appear as

21
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2.2 The POKE Statement

We will introduce new information based on the assumption
that you are familiar with BASIC. You are not expected to be an
expert programmer, but you should be able to write and run
simple programs using the Commodore 64.

To start, you must know how to direct digital information
from a BASIC program to the CMS 1/O board. Once you know
how to do this, you can direct information to any type of 1/0
board. After this initial discussion, we will give several examples
designed to give you hands-on experience using the necessary
software for outputting information. The CMS 1/O board will
allow you to verify instantly whether or not the software is op-
erating correctly.

To output digital information from a BASIC program, we will
use a statement that may be new to some Commodore 64 users:
POKE. A full description of the POKE statement is given in the
Commodore 64 Programmer’ Reference Guide, but we will give
you enough details here so that you can begin to use it.

The form of the POKE statement in a BASIC program is:

POKE address,data

We will later present different examples using POKE. Let’s now
discuss the two parts of the POKE statement, address and data.

The address used by the POKE statement will indicate the
physical space in the Commodore 64 where the information
will be sent from the program. More than one number may be
specified for a POKE address. On the Commodore 64, there are
65,536 valid POKE addresses. However, in this text we will
use only a few of the available address numbers. Once you un-
derstand how to use these, it will be much easier for you to
understand how other POKE addresses are used.

An address in computer programming is similar to the
address of a house. The only way a mail carrier knows where to
deliver a letter is by matching the address on the envelope with
the address on the house. To extend this analogy, think of the
address on the envelope as the address specified in a POKE
statement, and the address of the house will be analogous to
the address or numbered location we specify on our CMS
I/0 circuit. A Commodore 64 will match the POKE address



SOFTWARE FOR OUTPUT FROM THE COMMODORE 64

with the 1/O circuit address and deliver the information. (See
Figure 2.6)

The second element in a POKE statement is the data, which is
the actual digital information to be sent to the address specified.
In our analogy of the address and the mail carrier, the data is
the actual letter that was delivered.

Let’s summarize the two parts of the POKE statement: the
address specifies where in the entire system to send the infor-
mation, and the data is the information sent. With this broad
overview of the POKE statement, we can turn to some specifics.

2.3 Forming the POKE Address

Although we discussed the concept of the POKE address, we
have not shown how to use it. In this section, we will show how
to calculate the correct address, depending upon which 1/0

Figure 2.6: When a POKE statement is used, the address specified will select the 1/0 expansion
slot for communication.

23
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address you have chosen to use on the Commodore 64. Calcu-
lating an address can be much more complicated than we will
show. However, if you are just starting to learn computer inter-
facing, this section will be a good entry point for you. Only when
you begin to tackle more sophisticated interfacing problems
will you need a greater understanding of address calculation.

In the 1/0O expansion slot on the Commodore 64, there are two
I/0 enable lines, labeled 1/01 and 1/02. (The rule over the label
will be explained in section 4.2 of Chapter 4.) Each line has 256
unique addresses associated with them. 1/Ol has addresses
from 56832 to 57087 inclusive. 1/02 has addresses from 57088
to 57343 inclusive.

We can select the proper address for the POKE statement sim-
ply by knowing what the address is on the CMS 1/O circuit. This
holds true for any POKE statement. In order to send information,
we must know whether the hardware we want to communicate
with has an output address, and what the proper address is. The
CMS 1/O circuit will connect to 1/0O1 line of the 1/O expansion
slot. We will use the first available address that asserts 1/0Ol,
56832, as the POKE address of the CMS 1/O system.

To send data to the CMS 1/0O circuit you would use the
statement:

POKE 56832,data

Notice that only the address was specified. The content of the
data is not important to us yet. The data will be sent to which-
ever output device “resides” at the specified address. In this
case, the data will be electrically sent to the CMS 1/O board.
You may want the flexibility of using your program regardless
of the output address of the hardware you are communicating
with. If your BASIC program includes a POKE statement with a
specific address, then that address should be altered if the hard-
ware address changes. Remember that the hardware address
and the POKE address must match for proper communication.
To allow your programs to run when the address of the hard-
ware circuit changes, you can let your program determine the
POKE address if you follow the flowchart shown in Figure 2.7.
This BASIC program prints a message asking which 1/0 address
the user wishes to communicate with. Based on the answer, the
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POKE statement will send data to the appropriate address.

Figure 2.8 shows one way to write a program to realize the
flowchart of Figure 2.7. Remember that the address of the POKE
statement can be a BASIC variable. After you enter the address,
the form of the POKE statement would be:

POKE S1,data
where Si corresponds to the address of a particular 1/O circuit.

2.4 Calculating Data
for the POKE Statement

Before we examine the details of calculating the data portion
of the POKE statement, let’s discuss exactly what the data will
do. The output section of the Commodore 64 will use byte out-
put. This means that there are eight electrical lines over which
the Commodore 64 passes information to the external output
circuits. (See Figure 2.9)
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All information that can be transferred to the output device in
a single POKE statement is included in these eight bits. A per-
son using an output device with the Commodore 64 must re-
member what each bit does, when using the POKE statement.
For example, one bit may turn on a light. Another may sound
an alarm. Yet another may open a door. Further, all eight bits
may be used together to form a unique combination to which
the output device may respond.

In these early discussions, we will show how to set any bit

10 PRINT “INPUT IOADDRESS

20 INPUT S1
30 GOTO (LINENUMBER OF MAIN PROGRAM)

Figure 2.8: This BASIC program enters the 1/O address as a numeric variable.

8 BITS or 1 BYTE.

Each line has a label. The posi-
tion of the lines is important,
because each line represents a
bit of data, and each bit has a
different numerical weight.

8 DATA
OUTPUT LINES

Figure 2.9: This block diagram shows that there are eight physical output lines over which data
will be transferred from the Commodore 64 to the external output device. The output lines origi-
nate from the 1/0O expansion slot.
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that will be used in the POKE statement to a logical 1 or a logi-
cal 0. Logical 1 and logical 0 were introduced in Chapter 1, but
let’s define them as precisely as possible now so that we can use
them later.

We define logical 1 and logical 0 by the discrete voltage levels
they correspond to. These definitions apply to the Commodore
64 and most other home computers. A logical 1 is a voltage
level greater than 2.4 volts and less than 5.0 volts. Anytime
a digital line is set to a logical 1, the voltage on that line will
be within these limits. A logical 0 is a voltage level of less that
0.8 volts and greater than 0.0 volts.

For example, suppose that all eight bits or lines are a logical 1
This means that all are set to a voltage that will fall within the
range specified for a logical 1.

With this brief introduction, let’s discuss how any of the eight
output lines can be set to a logical 1 or a logical 0 through soft-
ware control. There are two key facts to remember. First, all
eight bits are output to the 1/0O expansion slot in parallel; that is,
all eight bits are output at the same time. This was illustrated in
Figure 2.9. Second, the position of the lines within the 8-bit par-
allel output is significant. The lines are labeled DO-D7. The D
stands for data, and the numbers 0-7 stand for the positions. D7
is the most significant bit (MSB), and DO is the least significant
bit (LSB).

Using these two pieces of information, let’s examine the eight
bits or lines. Remember from Chapter 1that there are eight indi-
vidual bits in a single byte.

Since the bits are independent of each other, we can use soft-
ware to set any of the bits to a logical 1 or a logical 0, regardless
of the logical state or value of any other bit. The software must
have some means of logically setting any bit to a 1 or a 0. Each
bit position in the byte is assigned a number (or weight) equal to
a power of 2. (Remember that a byte represents a binary num-
ber.) Each bit position n is weighted 2n. For example, the weight
of DOis equal to 2°, or 1. The weight of D7 is equal to 27, or 128.
The bit positions and their corresponding weights are shown in
Figure 2.10.

When we wish to set particular data bits to a logical 1, we add
up the weights of the bits and use them as the data in a POKE
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statement. For example, suppose that the bits DO and D2 were
set to a logical 1. We add up the weights of these bits (D0=1,
and D2=4), and get the following result:

SUM = 1+4
=5

The resulting value, 5, will be used in the POKE statement
as data:
POKE address,5

Remember that we set the address according to the specific 1/0
address we want to send the data to.

If the POKE sum equals 5, the logical conditions of the data
byte to be output would appear as in Figure 2.11. All the
data bits used in the summation are set to a logical 1, while all
others are set to a logical 0.

In short, the smallest data byte occurs when no weights are
summed; that is, when we set all the bits to a logical 0. This
weight is 0. The largest data byte occurs when all the weights
are summed; that is, when we set all the bits to a logical 1.
This weight is equal to 1+2+4+8+16+32+64 +128 =255. All
possible valid weights are within the 0-255 range, inclusive,
and each number represents a unique combination of weights.

Let’s try an example: suppose we wish to set data bits DO,
D4, and D7 to a logical 1. Remember that we must add up the
weights of the data bits. The weights of the bits we want are:
DO=1, D4=16, D7=128. The resulting summation would

Bit Position Weight

DO
D1
D2
D3
D4
D5
D6
D7

RRYBB o~

Figure 2.10: The position of each bit is assigned a numerical weight, corresponding to its value
as a power of 2.
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be 1+16+128=145. The POKE statement we would use
appears as follows:

POKE address, 445

Here’s another example: suppose we wish to set data bits
D2, D5, and D6 to a logical 1. We would again add the weights
of the bits we want: D2 =4, D5=32, and D6=64. The resulting
summation would be 4+32 +64=100. The POKE statement
would be:

POKE address, 100

By combining the correct address and the proper choice of
data, we can set any bit at any output address to a logical 1 or
a logical 0. Furthermore, we can accomplish this using only
software. We will discuss the necessary hardware later in Chap-
ter 4. At this time, you should assume that the hardware will
respond correctly if the software is correct.

Before we experiment with the CMS 1/0 board, let’s exam-
ine one more aspect of setting the correct data. We can write a
program to set a bit to a logical 1 or logical 0. It is similar to
the program that inputs an address. Figure 2.12 shows a flow-
chart for this program.

ilo
- EXPANSION
SLOT

Logical value of the data output lines.

Figure 2.11: This diagram shows the logical conditions of the eight output lines that would
result if the POKE data equals 5.

29
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C

@ LET STARTING SUM V1 - 0
(b) LET STARTING WEIGHT NL - 1
© LETI- 0

PRINT “DO YOU WANT DATA
@ LINE(l) - 10RO0”

®

©)

(@)

0]

®

Figure 2.12: This flowchart shows the sequence of events necessary to set any of the data out-
put lines to a logical 1 or a logical 0. The sequence begins with DO (the lowest weight) and
ends with D7 (the highest weight).
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Let’s examine this flowchart in detail. The first two steps, (a)
and (b), will initialize the variables for the starting sum VI and
the starting weight NI. The flowchart then enters a loop start-
ing with step (c). The loop variable will be I. In step (d), the
program will ask the user for the logical value of each data bit.
If the user wants the bit to be set to a logical 1, then the
weight of the bit will be added to the sum in step (g). The result
of the sum is stored in the variable V1. In step (h), the starting
weight (NI) is multiplied by 2, which will set the weight equal
to the next bit to be tested. After VI is computed, the POKE
statement will appear as:

POKE address, V1

A program to realize the flowchart of Figure 2.12 is shown in
Figure 2.13.

2.5 Experiments with the CMS /O System

In this section, we will write and execute programs that use
the POKE statement to perform output on the Commodore 64.
All of the following examples assume that you have installed
the CMS 1/O system into the Commodore 64.

The CMS output board (CMS-642) has eight light-emitting
diodes. These LEDs are labeled DO, DI, D2, D3, D4, D5, D6,

10 V1 =0

20 N1 =1

30 FORI=0TO7

40 PRINT “WHAT ISTHE VALUE OF D*;1;10R O
50  INPUT D)

60  IFD@) = 0 THEN 90

70 V1=Vl +Nl

80 N1 = N1*2

90 NEXT I

100 POKE address, V1

Figure 2.13: This BASIC program realizes the flowchart given in Figure 2.12.
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and D7, as shown in Figure 2.14. A lighted LED indicates that
the corresponding bit position in the data byte is set to a logi-
cal 1. An unlighted LED means that the corresponding bit
position is a logical 0.

For example, Figure 2.15(a) shows a diagram of three LEDs
that are lit. (The darkened LEDs are lit.) In this diagram, bits
D3, D5, and D6 are set to a logical 1. The data byte would
appear as shown in Figure 2.15(b).

2.6 Example 1. Lighting a Single LED

In this first hands-on example of Commodore 64 output, we
will write a program that will turn on any of the eight LEDs
located on the CMS 1/O board.

In this program, we will assume that the POKE address
is 56832. The program will then ask you which LED you want
to light. Finally, the program will light the selected LED on
the CMS 1/0 board. Figure 2.16 shows the flowchart for this
program. Let’s examine each step before we look at the pro-
gram listing:

Step 1. The program will write a message asking the user
what the 1/0 address is.

Step 2. The user will input the correct 1/0 address.
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Step 3. The program will write a message asking which LED
the user wishes to light.

Step 4. The user will input the LED number.

Step 5. The program will set the output byte to the correct
weight that corresponds to the LED that the user wants to light.

Step 6. The program will set the address to the correct value
that corresponds to the LED.

Step 7. The software will now output the correct byte to the
I/0 device.

A program to realize the flowchart of Figure 2.16 is presented
in Figure 2.17.

LEDS LIT

@

()

Figure 2.15(a): LEDs D6, D5, and D3 are lit. All other LEDs are off. The number input to
produce this combination was 104.

(b): These are the corresponding logical levels of the data lines needed to produce the LED
pattern shown in (a).

33
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In examining Figure 2.17, note that if a valid LED number in
the range from 0-7 is not input in step 2, all of the LEDs on
the CMS 1/0O board will light. This indicates an error. As an
alternative, we could change the program to check for this
error condition by writing another loop.



SOFTWARE FOR OUTPUT FROM THE COMMODORE 64 35

10 REM THISPROGRAM WILLOUTPUT ABYTE TO THE CMS I/0BOARD

20 REM THAT IS INSTALLED INA COMMODORE 64 COMPUTER.
50 REM START OF THE PROGRAM
60 PRINT “WHAT I/OADDRESS? ’;
70 INPUTS
80 PRINT “WHICH LED ON THE CMS IZOBOARD DO YOU WANT LIT?
90 INPUTL
100 11=255
110 IFL=0THEN L1=1
120 IFL=1THEN L1=2
130 IFL=2THENL1=4
140 IFL=3THEN L1=8
150 IFL=4THEN L1=16

160 IFL=5THEN L1=32
170 IFL=6THEN L1 =64
180 IFL=7THEN L1=128
190 REM

200 POKE S,L1

210 PRINT

220 GoT080

Figure 2.17: This is the BASIC program to realize the flowchart given in Figure 2.16.

2.7 Example 2:
Lighting a Combination of LEDs

The second hands-on example will allow the user to light
any combination of LEDs on the CMS 1/0O board. The program
asks you which LEDs you want on, and then what the neces-
sary, output variable weight is to accomplish this.

For example, suppose you wished to turn on LEDs 0, 5, and
7 on the CMS 1/0 board. The weight to POKE would equal the
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weight of DO (which is 1) plus the weight of D5 (32) plus
the weight of D7 (128). This equals 1+32-128 =161. If the
number 161 were output to the correct address. LEDs DO, D5,
and D7 are set to a logical 1 in the output data byte. Figure
2.18 shows a flowchart to accomplish this example and Figure
2.19 is the program based on the flowchart.

Using LED patterns a-g on the next page, calculate each
weight to be input. You can visually verify- your answer by

REM FIRST INPUT THE CALCULATE! AE-2-"
PRINT “INPUT THE CALCULATED W EK>T~
INPUT W1

POKE 56832,W1

GOTO 30

B8EEB8Y

Figure 2.19: This is the BASIC program to realize the rowcharth y r-c. ?:
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executing the program of Figure 2.19. The answers are given
at the end of the list.

a. LEDs DO, D4, D7 are lit.

b. LEDs DO, D3, D5, D6 are lit.
c. All LEDs are lit.

d. No LEDs are lit.

e. LED D6 is lit.

f.

LEDs DI, D3, D5, D7 are lit.
G LEDs DO, D2, D4, D6 are lit.

The answers to the LED patterns are:
a=145 b = 105 ¢c =255,d =0, e =64, f = 170, g = 85

2.8 Example 3: A Counting Program

In this third hands-on example, we will write a program to
light up the LEDs on the CMS 1/O board in the following
sequence. At first, all of the LEDs will be turned off. The num-
ber 1 then will be output from the computer to the 1/0O board.
This will turn on only the LED that corresponds to a weight of
1, which is DO. The program will pause long enough for you to
see that the correct LED is lit.

Next, the program will output the number 2 from the computer
to the 1/0 board. This will turn on LED DI, which corresponds
to a weight of 2. Again, the program will delay long enough for
you to see the LED pattern on the 1/O board.

The program now outputs the number 3, which turns on the
LEDs corresponding to a weight of 3. LEDs DO and DI will
be lit, and you can check the pattern during the pause.

This process is repeated, each time incrementing the number
to be output by 1. The result will be the LEDs turning on and off
in a manner that will show the output weight increasing by 1
for each POKE statement.

The flowchart for this program is shown in Figure 2.20 and
the corresponding BASIC program is given in Figure 2.21.

If you know more BASIC than we have used so far, you might

37
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REM COUNTING PROGRAM FOR THE COMMODORE 64
REM SET THE FIRST POKE DATA EQUAL TO O
W1 =0

POKE 56832,W1

REM

FOR 1= 170 1000

NEXT 1

REMWE JUST DELAYED FOR AWHILE

100 Wi1=w1i+1

110 IFW1 >255THENW1 =0

120 GOoTO S0

130 END

8838385888

Figure 2.21: This is the BASIC program to realize the flowchart of Figure 2.20.
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try the following variations. After you have had a chance to
load and run the program in Figure 2.21, try to get the same
results using fewer BASIC statements. Next, try speeding up
and slowing down the pauses in the program and note the
effect on the output display LEDs.

2.9 Example 4. A Traveling Light

In our final example, we will write a program to make the
LEDs turn on and off in a sequence different from that of ex-
ample 3. The sequence will give the visual illusion that the light
on the CMS 1/0O board is traveling as on a marquee sign, where it
appears that the light is moving around the outside of the sign.

This program will be very similar to the one presented in
example 3: we will output a byte to the CMS 1/0O board and then
pause before outputting another.

The program starts by outputting the number 1 to light only
LED DO. Next, to light DI, the program outputs the number 2.
The number 4 is output next, since it will light only LED D2.
Therefore, the program should output only a number that
corresponds to a single bit weight. The remaining numbers to
be output will be 8, 16, 32, 64, and 128. Figure 2.22 and Figure
2.23 give a flowchart and a BASIC program for this example.

Load the program and run it to verify that the LEDs turn on
and off in the specified sequence. After the program has run
correctly, try these four variations:

1. Make the light travel in the opposite direction from
the way it is now going.

2. Make the light “bounce”: When it gets to D7, make it
travel back to DO. When it gets to DO, make it travel
back to D7.

3. Make the light travel from the center LEDs to each
edge. Start by turning on LEDs D3 and D4. Next, turn
on LEDs D2 and D5. Then, turn on LEDs DI and D6.
Finally, turn on LEDs DO and D7.

4. Make the light bounce from the center to the edges
and back to the center again.
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BREB8gs g8y

REM TRAVELING LIGHT PROGRAM

REM SET FIRST POKE DATA EQUAL TO 1
wl=1

POKE 56832,W1

REM NOW TO DELAY

FOR I=1T0O 1000

NEXT |

REM NOW TO SHIFT THE DATA BIT LEFT
W1l =wl *2

IFW1>128 THENW1 =1

GOTO 50

END

Figure 2.23: This is the BASIC program to realize the flowchart of Figure 2.22.
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2.10 Summary

In this chapter, we have covered the basics of outputting
information with the Commodore 64. We began by plugging a
simple output device into the Commodore 64. When we exam-
ined BASIC programs for outputting, we discussed the POKE
statement in detail and how to calculate the address and the
data needed. We covered how to set any bit in the output byte to
a logical 1 or a logical 0. Finally we looked at four “hands-on”
examples that allow you to verify your understanding of output-
ting information with the Commodore 64.

When you have mastered the information presented in this
chapter, you have made half of the Commodore 64 connection.
Chapter 3 will discuss the second half of this connection: how to
input information to the Commodore 64 from an external source.






INPUTTING DATA TO THE
COMMODORE 64

In this chapter, we will discuss how to input
digital information using BASIC programs to
the Commodore 64 from an external device
connected to the 1/0 expansion slot. After the
information is input to the program, we will
show ways of interpreting it using software.
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3.1 Overview of Inputting Data

To begin our discussion, let’s review what our goal is. By
referring to the block diagram in Figure 3.1, we see that an
external device will send digital information (data) to the Com-
modore 64. In order to electrically input the data, the computer
must be able to accept the information and then interpret what
was accepted.

As you look at Figure 3.1, you may have questions, such as
“How does the Commodore 64 electrically know that the exter-
nal device is ready to send information?” The answer to the
question is covered in the broad topic called handshaking. Gen-
erally, handshaking refers to the organized process by which
either an external device or a computer informs the other of its
condition. For example, the external device uses a handshake
line to indicate to the computer that it has data ready to send.
Conversely, the computer uses another handshake line to
inform the external device that it is ready to input data.

There are other types of handshaking systems, including
interrupts and Direct Memory Access (DMA), but they are be-
yond the scope of this book. However, in Chapter 9, we discuss
another handshaking system in detail. For now, we will assume

COMMODORE 64 Data is sent to the

EXTERNAL
DEVICE

Figure 3.1: The object of inputting data is to send information from an external device to the
Commodore 64. The information must be in an electrical form that the computer will understand.
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that the data from the external device is always ready to send
when the computer requests it.

Now let’s turn to the topic of this chapter: how to transfer, or
input, information from an external device to the Commodore
64 using a BASIC program. Once we transfer the data, we will
examine ways of processing it with software to make logical
decisions.

3.2 The CMS Input
Board for the Commodore 64

The physical connection used for inputting the electrical data
to the Commodore 64 will be made through the CMS 1/0
system. We covered this I/O board in Chapter 2, when we dis-
cussed the mechanics of outputting data. We will assume that
you have installed the CMS 1/O system according to Section 2.1
of Chapter 2. Besides functioning as an output device, the CMS
I/0 system is also electrically capable of inputting data to the
computer. Figure 3.2 shows a pictorial diagram of the input

CABLE
to computer

8 SWITCHES

Figure 3.2: This pictorial diagram shows the physical switches on the CMS 1/O system input
section. Each switch is marked with a “D" label and its corresponding weight, and is either “ON"
or “OFF."
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section of the CMS 1/O board hardware, located on board
CMS-642.

In Figure 3.2, there are eight switches on the CMS 1/O board
input section. These switches are either off or on. When the
switch is off, it corresponds to a setting of logical 0 on a particu-
lar input line. When the switch is on, it corresponds to a setting
of logical 1

Each switch in Figure 3.2 has a unique label: DO, DI, D2, D3,
D4, D5, D6, and D7. The label corresponds to the input line to
the Commodore 64.

The switches in the CMS 1/O system input section operate in
parallel. This means that any signal line, DO-D7, can be set to a
logical 1 or a logical 0, independent of any other signal line.

3.3 Input Software

Let’s look at how a programmer using BASIC can electrically
request information from the external device. The statement
used to accomplish the inputting of information is PEEK. Like
the POKE statement we used in Chapter 2, PEEK is explained
fully in your user’s manual, but we will briefly summarize its
operation here. A PEEK statement will appear in a BASIC pro-
gram like this:

Al = PEEK (address)

Let’s discuss what each part of this statement does. The vari-
able name Al could be any BASIC numeric variable; it could
have been replaced by TI, Z5, C(3) or any valid BASIC numeric-
variable name. The important point is that when we use the
PEEK instruction to input data, the variable will be set equal
to it.

The address of the PEEK statement will electrically inform
the Commodore 64 which 1/0O address the data will be input
from. The definition of this address is exactly the same as the
POKE address definition we discussed in Chapter 2. Remember
that we can input information from any 1/O circuit simply by
using the correct 1/0 address, which is 56832 for the CMS 1/0
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system. In a BASIC program, the statement that allows this to
happen is:

Al = PEEK (56832)

After the computer executes this statement, Al will equal the
information that was input from address 56832.

Let’s look at another example. Suppose the 1/0 expansion slot
address is itself a variable. The BASIC program will ask the user
for the 1/O address, which will be stored in a BASIC variable.
For this example, the 1/0 address was stored in the variable S3.
The form of the PEEK statement would be:

Al = PEEK (S3)

This will let Al equal the information read from the 1/0 address
S3. Figure 3.3 shows a BASIC program for this example.

3.4 Interpreting the Input Information

So far, we have covered how to store the input information in
a valid variable in a BASIC program. This section will focus on
ways to interpret the input information. We will use the infor-
mation on calculating data for the POKE statement from section
2.4 of Chapter 2 as a base for this section.

When the Commodore 64 inputs data from an 1/O address, it
is electrically inputting the logical voltage levels of eight sepa-
rate signal lines. These lines are labeled DO, DI, D2, D3, D4, D5,
D6, and D7 as shown in Figure 3.4.

The computer assigns a numeric weight to each signal line.
These weights are the same as those discussed in Chapter 2 and

10 PRINT “INPUT THE I/O ADDRESS FOR COMMUNICATION”;
20 INPUT S3

30 Al =PEEK(S3)

40 END

Figure 3.3: This BASIC program asks the user which I/O address to input data from.
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COMMODORE 64

/ Do
/ D1
D2

8 DATA INPUT LINES

-« (B .

J from external device.
D4
/ D5
D6
1 * D7

Figure 3.4: Eight separate signal lines are connected to the Commodore 64 1/0 expansion slot
in order to input external information.

listed in Figure 2.10. (Remember that these weights correspond
to binary numbers. You may find that a review of the binary
numbering system will help you understand how your com-
puter functions.) The weight of a signal line is summed when it
is a logical 1. But its weight is not summed when it is a logical
0. The sum is the value that will be stored in the BASIC variable
in the PEEK statement.

For example, suppose the external hardware was connected
to 1/0 address 56832. We would use 56832 as the PEEK address.
Let’s assume that the external hardware is sending data that has
lines DO, D4, D5, and D7 set to a logical 1. The remaining
lines—DI, D2, D3, and D6—are set to a logical 0. The device
sending the data to the computer will set the external input
lines. (See Figure 3.5)

To obtain the information from the external device used in
this example, the PEEK statement we use is:

Al = PEEK (56832)

After this statement is executed, Al will equal the sum of the
weights of all data input lines, DO-D7, at 1/O address 56832.
The sum will include the weights of the lines that were a logical
1 during the execution of the PEEK statement.
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In our example, the weights that will be added are 128 (for D7),
32 (D5), 16 (D4), and 1 (DO). The result is 128+32+16 +1 =177. Al
equals 177 after the execution of the PEEK statement.

The variable in the PEEK statement is greater than or equal to
0, and less than or equal to 255. Al equals 0 when all input lines
are set to a logical 0 at the 1/O address, and Al equals 255 when
all input lines are a logical 1

Let’s consider another example: the input device sets data
lines D6, D5, D4, and DI to a logical 1. All other data input lines
are set to a logical 0. This is shown in Figure 3.6. The input
device is connected to 1/0 address 56832. Our PEEK statement
to read the input information will appear as:

R = PEEK (56832)

What will be the value of R after the PEEK statement is exe-
cuted? Remember R equals the sum of the weights of all input
lines set to a logical 1 during the execution of the PEEK state-
ment. These weights are: D6=64, D5=32, D4=16, and DI =2

49
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COMMODORE 64

/ . o1

D2
/ Data lines are set
m (08} to a logical 1and a
/ 04 logical 0 by the
/ external device.
D5

/ 06

1 07

connected to
computer.

Figure 3.6: Externalinput lines D1, DA, D5, and D6 are set to a logical 1by the external device.

The sum is 64 +32+16+2=114. R would equal 114 after execu-
tion of the PEEK statement. If we print the value of R, the num-
ber 114 would appear. The PEEK statement gives us a means of
inputting data from an external device and storing the informa-
tion in a BASIC variable. By using software, we can then oper-
ate on the variable in the same way as any other BASIC
variable.

3.5 Calculating
the Bits from the Input Variable

We have discussed how you can calculate the value of the
input variable in a PEEK statement, based on the assumption
that we knew the logical level of the data input lines at the
selected 1/O address. However, in many applications of com-
puter control, we do not know which data input lines were a
logical 1 and which were a logical 0 when we use a PEEK state-
ment. We need to know this because each line input by the
external device may mean something different. For example, DO
may signal that the temperature is too high, DI may indicate
that some lights in a home were left on, and so on. We need a
way to find out the logical conditions (1 or 0) of each data line
input during the PEEK statement. We can accomplish this by
using software.
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We will present one method of doing this with a BASIC pro-
gram. We have designed this method to help you understand
exactly what is needed and what is occurring, rather than to
operate as efficiently as possible. As you become more familiar
with this type of processing, you can develop new, more effi-
cient ways of performing the transformation.

We can start by applying what we know of how to form the
PEEK variable to the problem of deciphering it. Recall that the
variable was formed by adding the weights of the input lines
that were a logical 1 during execution of the PEEK statement.
By subtraction, we will discover which individual weights were
used to obtain the sum. Once we know these, we know the cor-
responding input lines that were set to a logical 1. All other
input lines must have been a logical 0 during the execution of
the PEEK statement.

For example, suppose we executed this PEEK statement:

A = PEEK (56832)

The variable A would then be a value between 0 and 255, inclu-
sive, depending on which of the eight input lines, DO-D7, were
set to a logical 1. Let’s assume that the variable A equals 183
after the PEEK statement. We can first see that at least one of
the input lines was set to a logical 1, because A does not equal
0. We also know that at least one of the input lines is a logical 0,
because A is not 255. But which input lines were set to a logical
1 during the PEEK statement, and which were a logical 0?

Our first job is to determine which of the input lines was a
logical 1 during the input instruction. This can be done by sub-
tracting the weight of each input line, starting with the weight
of D7, from the variable A. If the result is less than 0, we know
that that particular weight was not used to obtain the sum.

Let’s look at an example: suppose a PEEK variable equals 125.
In our plan, the weight of D7 is subtracted from 125. This is
125-128 = - 3, which is less than 0. This tells us that the weight
of D7 was not added to the original sum. Therefore, D7 is a logi-
cal 0.

In the next step, we then subtract the weight of D6 from 125.
The result is 125-64 =61, which is not less than 0. This means
that the weight of D6 was used in the original summation and
that D6 is a logical 1
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When we find that a weight was used in the summation, its
value is subtracted from the PEEK variable and the result is
tested against the next weight in line. In our example, the next
weight, D5, is subtracted from the new value of 61, and not the
original value of 125. This gives 61 - 32=29, which is not less
than 0. Therefore, the weight of D5 was used to obtain the origi-
nal sum and D5 is a logical 1

So far, we know that the weights of D6 and D5 were used in
obtaining the original sum of 125. To find our new value for our
test, we subtract the known weights of D6 and D5 from 125.
The new value is 29.

Our next step is to subtract the next weight, D4, from 29. Our
result is 29-16 =13. Since this result is not less than 0, we
know that the weight of D4 was used in obtaining the original
sum and D4 is a logical 1

The next weight in line is D3, which we subtract from our
new value, 13. The result of 13-8 =5 is more than 0. We know
that the original sum used the weight of D3 and that D3 is a log-
ical 1

The next weight, D2, is tested against the new value, 5. The
result, 5-4 =1, is a number that is more than 0. Again, we
know that the weight of D2 was used in the original sum.

We next test the weight of DI. However, this result, 1- 2=- 1,
is less than 0. Because of this, we know that the weight of DI
was not used to obtain the original sum.

Finally we test DO. Since subtracting the weight of DI gave us
a negative result, we keep the testing value of 1. When we sub-
tract the weight of DO, 1, the result is 1-1 =0, which is not less
than 0. We know that DO was used to obtain the original sum
of 125.

We know that the weights of the data lines D6. D5, D4, D3,
D2, and DO were used to obtain the original sum. Therefore,
these input lines were a logical 1 during the execution of the
PEEK statement. We also know that the input lines D7 and DI
were a logical 0.

This example shows us how the weights of the data lines are
tested. If the result becomes O during our test, then we can stop
testing because it means that all the remaining data lines must
be a logical 0. With 183 as the value of the variable from the
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PEEK statement, let’s consider another example, in order to
outline the steps to find out which data lines were a logical 1
and which data lines were a logical 0:

Step 1. Subtract the weight of D7, 128, from the original vari-
able, 183. This gives:
183 - 128 = 55

The result is greater than 0. Therefore the bit weight of D7 was
used to obtain the original sum and D7 was a logical 1 during
the PEEK statement. We set the variable A2 equal to 55.

Step 2. We now subtract the bit weight of D6, 64, from the
new value of variable A2.
5 - 64 = -9

The result is less than 0. This means that the bit weight of D6
was not used for the original sum of 183. D6 was a logical 0 dur-
ing the PEEK statement.

Step 3. We next subtract the weight of D5, 32, from the vari-
able A2. Remember that we do not change A2 because the
result was less than 0 in step 2.

55 - 32 =23

Since the result is not less than 0, we know that this weight was
used for the original sum, and D5 was a logical 1 during the
PEEK statement. We set the variable A2 to 23 because the result
of the subtraction was positive.

Step 4. Next we subtract the bit weight of D4, 16, from the
variable A2.

23- 16 =7

Since the result is not less than 0, we know that the bit weight
of D4 was used for the original sum and D4 was a logical 1 dur-
ing the PEEK statement. The variable A2 is now equal to 7.

Step 5. We subtract the bit weight of D3, 8, from the new vari-
able A2.

7-8=-1
The result is less than 0. Therefore, we know that the weight
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of D3 was not used in obtaining the original sum of 183, and that
D3 was a logical 0 during the PEEK statement.

Step 6. When we test the next bit weight, D2, the result is:
7-4 =3

Since this means that the weight of D2 was used for the sum,
input line D2 was a logical 1 during the PEEK statement. A2
now becomes 3.

Step 7. Now we test bit DI. The result is:
3-2 -1
DI was a logical 1 during the PEEK statement.
Step 8. The final bit to test is DO. The result is:
1.1=0
Since the result is not less than 0, the weight of DO was used to
obtain the original sum, and DO s a logical 1.
We can summarize our results like this:
D7 D6 D5 D4 D3 D2 DL DO hit labels
10 110 111 logical values

There is a simple way to check our results. Add up the weights
of all bits that are a logical 1 The result should be the value of
our variable, 183.

128 = D7
+ 32 = D6
+ 16 = D4
+ = D2
+ 2=D
+ 1=0DO

183 The result checks.

The procedure may seem quite tedious when we read over the
steps. Fortunately, we can use the computer to make these
checks. The first step in writing a program for this procedure is
to design a flowchart as shown in Figure 3.7.
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D3
TESTED

D2
TESTED

D1
TESTED

DO
TESTED

Figure 3.7: This flowchart checks the logical value (1 or 0) of the external data input lines to the Commodore 64. The data
was input by using a PEEK statement.
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A BASIC program for this flowchart is shown in Figure 3.8.
Figure 3.9 gives another BASIC program for the flowchart. The
difference between these two programs is the way each uses
FOR/NEXT loops to test individual weights. In Figure 3.8, the
program tests each weight sequentially and uses a statement
that sets up the new test value. The program in Figure 3.9 tests
each weight by reducing the variable A3 by half at each pass
through the loop.

[N
o

)
o

8S8IBLEHK

100

110

200

210

PRINT “INPUT THE ORIGINAL NUMBER BETWEEN 0- 255
INPUT Al

A2=Al

REM SET ALL D VALUES EQUAL TO ZERO (LINES 40-110)
©0=0

D1 =0

D2=0

08=o

Dﬂ= (@]

D5=0

D6=0

0T =0

REM D7 TESTED (LINES 200-220)

IFA2 -128 < OTHEN 230

A2=n2- g8

<

ot =

REM D6 TESTED (LINES 230-250)
IFA2 -64< OTHEN 260
rg-"2-8

D6- 1

REM D5 TESTED (LINES 260-280)
IFA2 -32< OTHEN 290

"g-"@:- 82

o3

REM D4 TESTED (LINES 200-310)
IFA2 - 16< OTHEN 320
ng-ng- 8

Figure 3.8: This BASIC program realizes the flowchart of Figure 3.7.
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D4=1

REM D3 TESTED (LINES 320-340)
IFA2 -8< 0THEN 350

NS 2 3

D3=1

REM D2 TESTED (LINES 350-370)
IFA2-4<0THEN 380

NS /S et

D2=1

REM D1 TESTED (LINES 380-400)
IFA2 - 2<0THEN 410

n2=12-8

D1 =1

REM DO TESTED (LINES 410-420)
IFA2 - 1< OTHEN 430

DO=1

PRINT “ORIGINAL NUMBER WAS *”;AL
PRINT

PRINT “BINARY VALUE IS”’;D7;D6;05;D4;D3;02;D1 ;00
END

(continued)

DIM D@®)
PRINT “INPUT THE ORIGINAL NUMBER BETWEEN OAND
255
INPUT AL
REM SET ALL D VALUES EQUAL TO ZERO (LINES40-60)
FOR IE0TO7
D=0
NEXT 1
A2 =AL
A3=128
REM LOOP TO TEST ALL D VALUES (LINES 90-140)
FOR I= 7TO OSTEP -1

Figure 3.9: This is a shorter BASIC program to realize the flowchart of Figure 3.7. In lines 80-
130, the variable A3 is the weight of D7. This variable is then reduced by half in each pass
through the FOR/NEXT loop.
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100 IFA2-A3<0THEN 130

110 A2=A2-A3

120 D=1

130 A3=A3/2

140 NEXT |

150 PRINT “ORIGINAL NUMBER WAS *";AL
160 PRINT

170 PRINT “THE BINARY VALUE IS
180 FOR k£ 7TOOSTEP -1

190  PRINT D{@);

200 NEXT |

210 PRINT

220 END

Figure 3.9 (continued)

We can now determine which data input lines were a logical
1 and which data input lines were a logical 0 during the execu-
tion of a POKE instruction. Let’s turn to some examples of
inputting data.

3.6 Example L
Calculating the Weight of the Input Word

In this example, we will calculate the value of the input
weights by hand, according to the procedure described in the
last section. After you calculate the weight, set the switches on
the CMS 1/0 board to the correct value and run the program
given in Figure 3.10. This program prints out the weight calcu-
lated by the computer so that you can verify whether your
manual calculation was correct.

Let’s go through these steps together on an example. First, set
DO and D4 to a logical 1. All other switches are a logical 0.
Remember that the switch is a logical 0 when in the OFF posi-
tion, and a logical 1 when in the ON position.

Now let’s calculate the input weight. The weight of DO is
1 and the weight of D4 is 16. Therefore the input weight is
1+16=17.
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10 PRINT “INPUT THE IVOADDRESS FOR COMMUNICAT ION"'
20 INPUT S3

30 Al=PEEK(S3)

40 PRINT “THE DATA READ FROM IMOADDRESS #77;S3;* = AL

50 END

Figure 3.10 (continued)

When we run the program, the computer reads this data and
prints out the number 17. At this point we can check our calcu-
lations against the computer’s. You can use this check to verify
whether or not you understand how the input lines are weighted.

Try the program in Figure 3.10, using the different switch set-
tings, a-f. Start by setting the switches to a logical 0. The
answers are given at the end of the list.

a. DIl and D7 are setto 1
b. DOand D5 are setto 1
c. D4, D6, and D7 are setto 1
d. DI, D2, D3, D4, D6, and D7 are setto 1
e. All switches are set to a logical 1
f.  All switches are set to a logical 0
The answers are:

a=130,b =33, ¢c =208, d =222, e =255"f=0

3.7 Example 2:
Read a Byte and Determine
Which Bits Were a Logical 1

In this example, we will read an input word from the CMS
1/0 board, and let the computer print out which data lines were
equal to a logical 1 and which data lines were equal to a logical
0. This is the same type of procedure discussed in Section 3.5.
A general program for the Commodore 64 to do this is shown
in Figure 3.11. Run this program to verify that the computer
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prints out the correct data lines that you set on the CMS 1/O
board switches. Use the same switch settings that were listed in
Section 3.6.

SoRSIBEERREE88 38888,

210
220
230
240

250
260
270
280
290
300
310

PRINT “INPUT THE VOADDRESS FOR THE CMS BOARD
INPUT S3

Al =PEEK(S3)

RS

REM INITIALIZETHE VARIABLES
DO=0:D1 =0:D2=0:D3=0:D4=0:D5=0:D6=0:D7=0
IFA2 - 128< O THEN 100
A2=A2 -128

OF =

IFA2 - 64< 0 THEN 130

N2 = NS - W

-

IFA2 -32< OTHEN 160
"R="8-88

D5- 1

IFA2 - 16< OTHEN 190
"B="R- 8

D4-1

IFA2. 8< OTHEN 220
"B="R- 8

08:

IFA2-4< OTHEN 250
N2= A2 - My

-

IFA2 - 2<0THEN 280

=N -2

D1 =1

IFA2 - 1< 0O THEN 300

DO=1

PRINT

PRINT “THE BINARY VALUES OF THE INPUTWERE ”’

Figure 3.11: This BASIC program reads the input data and then prints out the logical value of
each data line, DO-D7.
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320 PRINT

330 PRINT “D7 = ;D7
340 PRINT ‘D6 = ;D6
350 PRINT “D5 = ;06
360 PRINT ‘D4 = O3

370 PRINT g = ;03

380 PRINT ‘D2 = ;D2
390 PRINT ‘D1 = ;01
400 PRINT ‘DO = <o
410 END

Figure 3.11 (continued)

After you have verified that the program works, make certain
you understand each part of it. Try to write a similar program
using fewer BASIC statements to print out only the input lines
that are a logical 1. For example, if DO and D4 are set to a logi-
cal 1, have the computer print out DO, DA4.

After you are able to do this, have the computer print only the
input lines that are set to a logical 0.

3.8 Example 3:
Read a Word and Perform an Action

In this example, we will input a byte from the CMS 1/0 board
to the Commodore 64. If the byte is equal to a certain value, we
will print a message. If the byte is not equal to that value,
we will print a different message.

This example uses a principle that is very similar to monitor-
ing an input device with the Commodore 64. If the input condi-
tion is true, the computer will automatically take some action
based on the input. Of course, in a real application, the input
would come from an external hardware that the computer was
monitoring.

In our example, you will generate the inputs from the CMS
I/0 board. When the word input equals 12, the computer prints
the message, “THE INPUT WORD IS EQUAL TO 12.” If the
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input word does not equal 12, the computer will print the mes-
sage, “THE INPUT WORD IS NOT EQUAL TO 12 AT THIS
TIME.”

Figure 3.12 gives a flowchart for this problem, and Figure
3.13 gives the corresponding BASIC program. Try this program
out with your Commodore 64. Set the switches to a number
other than 12 to see that the computer will print out the correct
message. Now set the input word equal to 12 by setting D3 and
D2 to a logical 1, and check if the computer will print out the
correct message.

When you are able to get the program running, try the follow-
ing variations:

a. Have the computer check whether the number of bits
that are a logical 1 is even in the input word. If it is,
the computer will print, “THERE ARE AN EVEN
NUMBER OF ONES.” If the number in the input
word is odd, the computer will print, “THE NUMBER
OF ONES IS ODD.”



INPUTTING DATA TO THE COMMODORE 64

b. Input a number, have the computer subtract 25 from
it, and then print out the results. The output should be
both your original number and the new number. If the
new number is less than 0, print the message, “THE
RESULT WAS LESS THAN 0.”

3.9 Example 4: A Combination Lock

In this example, we will make the Commodore 64 into a com-
bination lock. The lock will have three unique numbers that
must be entered in sequence. If any of the numbers or the
sequence is not correct, the lock will not open.

Here is how the lock will work. Our program will ask you to
enter the first number. You will set the switches that correspond
to that weight on the CMS 1/O board, and then enter “L” on the
computer. This signals the computer that you are ready for
the computer to read the number.

If the computer detects that a number is wrong, it will print
“l WILL NEVER OPEN FOR YOU.” Entering “R” will allow
you to reset the lock and start over. If the number you entered is
correct, the computer will print the message, “SO FAR SO
GOOD.” After you enter the last number correctly, the com-
puter will print, “YOU OPENED THE LOCK.”

Figure 3.14 presents a flowchart of this procedure. Figure
3.15 shows one BASIC program based on this flowchart. The

PRINT “INPUT THE OADDRESS FOR THE CMS BOARD
INPUT S3

Al = PEEK(S3)

IFA1 =12 THEN 70

PRINT “THE INPUTWORD ISNOT EQUAL TO 12AT THIS TIME”
STOP

PRINT “THE INPUTWORD ISEQUAL TO 127

END

8388588 8L

Figure 3.13: This BASIC program is based on the flowchart of Figure 3.12.
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three numbers we used are 64, 128, and 7. After you run this
program on your Commodore 64 successfully, try putting in the
following variations:

a.
b.

B8®8IBTLAYNE

oy
S

88

160
170

SBE

210
220
230
240

250
255
260
270

Change the combination of the lock to 2, 4, 8.

Change the program so that it uses fewer BASIC state-
ments than in the example.

DIM NQ),LQS),AHE)
REM THESE ARE THE COMBINATION NUMBERS
N =64
N@)= 128
N =7
REM THESE ARE THE INPUT COMBINATION NUMBERS
LD=0
2 =0
LS=0
REM START OF COMBINATION INPUTTING
=1
PRINT “PUT SETTING # ””;1:“ON CMS INPUT SWITCHES
PRINT “INPUT L"WHEN READY, OR R’TO RESET”
INPUT A$
IFA$=“L”THEN 180
IFA$=“R”THEN 70
GOTO 120
L= PEEK(56832)
IF LAD)=NA) THEN 220
PRINT “IWILL NEVER OPEN THE LOCK FOR YOU nr’
GOTO 240
IF I=3THEN 260
PRINT “SO FAR, SO GOOD™
1=1+1
GOTO 120
REM THE LOCK WILLNOW OPEN
PRINT “YOU OPENED THE LOCK"
END

Figure 3.15: This is a BASIC program to realize the flowchart of Figure 3.14.
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3.10 Summary

In this chapter, we covered how to input information into a
BASIC program from an external device that is monitored by
the Commodore 64. We discussed different methods of inter-
preting what the input number meant. We described a proce-
dure to determine which input lines were a logical 1 and which
input lines were a logical 0.

The examples at the end of the chapter gave you practice on
inputting information to a BASIC program, and tested your
understanding of the methods we outlined. You should now
understand the principles of inputting data.

In Chapter 4, we take the next step toward making the Com-
modore 64 connection: how to connect the computer to the
input and output hardware that transfers data to and from an
external device.









INPUT AND OUTPUT
HARDWARE FOR THE
COMMODORE 64

In this chapter, we will discuss the hard-
ware-internal and external—necessary to
input and output data to and from the Com-
modore 64. Designed for the beginner in com-
puter interfacing and computer control, these
discussions focus on the architecture of the
I/0 expansion slot.

The designs shown in this chapter are not
the most elegant or efficient. Instead, they are
designed to help a person who has little or no
experience with digital hardware to under-
stand the major concepts of input and output
of electrical information between the Com-
modore 64 and an external device. We will
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frequently use the information presented here in later chapters.
You may feel apprehensive if this is your first exposure to any
digital hardware, and you may not want to learn about the hard-
ware in detail. But if you can understand the essential concepts
in this chapter, it will be easier to understand how to interface
other peripheral hardware to the Commodore 64. Throughout
this chapter, we will point out relationships between the hard-
ware described here and the software we discussed in Chapters
2and 3.

4.1 Beginning Output
Electronics for the Commodore 64

The four digital-electronic sections we will cover when dis-
cussing the output hardware for the Commodore 64 are:

1. The enable circuit for the external device
2. The READ/WRITE signal

3. The write strobe for the circuit

4. The output storage latches

These operate together to perform the overall output function. If
any of them fails to operate correctly, the output operation will
not work. Let’s discuss what function each electronic section
performs during an output operation, and how we can imple-
ment common digital electronic circuits for each.

4.2 The Enable Circuit

Let’s begin with the function of the enable circuit during an
output operation for a Commodore 64. When active, an enable
circuit indicates that the computer will be electrically address-
ing the output circuit. Because it is capable of communicating
with over 64,000 different circuits, the computer must have a
means of electrically informing any particular output circuit
that the computer selects to communicate with.
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This communication passes through the internal computer
lines called address lines. These lines are output on the pins of
the 1/0 expansion slot. Figure 4.1 shows a pinout of the Com-
modore 64 1/0 expansion slot with the pin number and signal

name of each pin.

We will discuss the enable signals 1/01 and 1/02, which are
output on pins 7 and 10 of the 1/0 expansion slot shown in Fig-
ure 4.1. The bar over the signal indicates that when the signal is

PIN#

N<xXxS<cHunnUTZ

-7[2, 21 20 19 18 17 16 15 14
| H E

M-m = m .a
Z Y X W V

U

TYPE

S

PIN#

EBoowNvNoobswNR

PIN#

SErXe“ITMTmoow>

TYPE

GND
+5V
+5V
IRQ
RIW
Dot Clock
101
GAME
EXROM
1102
ROML

TYPE

GND
ROMH
RESET
NMI
502
Al5
Al4
Al13
Al12

Al10

8 7 6
E B EEEEERN

|
J

mB=a mme & &
H F E D C B A

Figure 4.1: This is the pinout of the Commodore 64, 44-pin, 1/0O expansion slot.
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active, it is a logical 0. At all other times, this signal is a logical 1
Whenever the computer selects the I/O1l or the 1/02 address
to communicate with, the I/Ol or 1/02 line will be set to a logi-
cal 0. Either of these two select lines can be activated by using
the PEEK and POKE statements. The logical state of the I/O
output signals depends on the address specified in the PEEK or
POKE statement. For example, if we want to set the 1/O1 line to
a logical 0, we PEEK or POKE an address of 56832 through
56832 +255. To activate the 1/02 line, we specify an address of
57088 through 57088 +255. We will use the 1/OIl line in our
example, but you can relate the information to the 1/02 line.

4.3 The READ/WRITE (R/W) Line

When performing computer output, we must make use of
the READ/WRITE or R/W line. Its signal is output on pin 5
of the 1/0 expansion slot. The R/W signal is a logical 1 when-
ever the Commodore 64 reads data from the 1/0 expansion slot,
and logical 0 whenever it writes_data to the slot. During a
PEEK statement, therefore, the R/W line is a logical 1 because
the_computer is reading data. During a POKE statement, the
R/W line is a logical 0 because the computer is writing data.
The output circuit must not only electrically examine the logical
state of the R/W line to determine whether our circuit will be
read or written to, but the circuit must also examine the logical
state of the 1/01 line. The R/W line must be “qualified” by the
I/01 select line before we can use it in the external circuit.
Figure 4.2 shows a block diagram of exactly what we mean.

Figure™ 3 shows the necessary hardware for the qualification
of the R/W line to be used by an output circuit. We see that the
I/01 signal is input to pin 1 of the 74LS32, an OR gate. The
74L.S00 family of integrated circuits is widely available and will
be used throughout the rest of this book. An OR gate is a digital
logic device that will produce a logical 1 at its output only when
input A or input B is a logical 1. When both inputs are a logical
0, the output is a logical 0. Input A and input B are pins 1 and 2
in Figure 4.3. The 74LS32 integrated circuit contains four indi-
vidual OR gates. R/W signal is input to pin 2 of the same OR
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QUALIFYING
ELECTRONICS

1/01 SELECT
--------------------------- QUALIFIED

IToT WRITE

RIW [ This line is a logical 0 only
when the Commodore 64 is
outputting data to the
addressed 1/01 space.

Signals from the
Commodore 64 1/0
expansion slot.

Figure 4.2: This block diagram shows how the R/W line must be qualified by the 1/01 select line.

74L.S00

Figure 4.3: This schematic diagram shows how to realize the circuit that generates the board
strobe signal.
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gate that the 1/01 signal is input to. Pin 3, the output line of the
OR gate, will be a logical 0 only when both R/W and the 1/0Ol
select line are a logical 0. We have now qualified the R/W line.

4.4 The External Output Strobe

We must combine the output of the OR gate in Figure 4.3 with
two other signals before the output hardware circuit can use it.
Figure 4.3 shows us these other two signals labeled BA and
PHASE 2. The BA (Bus Available) line is generated by the
graphics microprocessor used in the Commodore 64. When
the BA line is a logical O, it indicates that the address present
on the I/O address lines is being generated by the graphics
microprocessor and must not be used by the external hard-
ware. When the BA line is a logical 1, it indicates that the
address is a “normal address” and can be used by the external
hardware. Therefore, we must only use the I/O address lines
when the BA line is a logical 1.

The other signal we must use is the PHASE 2 clock line. The
PHASE 2 clock times any data transfer made with the 6510
microcprocessor that the Commodore 64 uses. In Figure 4.3,
pin 3 of the NAND gate output (74LS00) is connected to pin 5 of
the OR gate. The other input to the OR gate is pin 4, which is
connected to output pin 3 of the other OR gate.

The final output, pin 6 of the OR gate, is labeled BOARD
STROBE. This BOARD STROBE signal will become active (logi-
cal 0) when the computer executes the POKE statement to the
I/0l address. The computer’s internal hardware takes care of
the timing of the signal. All we need to do is use the signals for
the design of our circuit provided by the manufacturer.

4.5 The Output Latches

This final electronic section comprises the output latches.
Output latches temporarily store the data sent by the computer
to an external circuit.
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When we send data to the input pins of the output latches, the
BOARD STROBE signal ends a write input pulse so that
the data will be written into the latches. (See Figure 4.4.) The
data will be stored there until we tell the computer to write
other data to the circuit. In other words, after our POKE state-
ment stores data into the latches, it stays there until we use
another POKE instruction to send new data to the same
address.

We can use the data at the output latches to control any hard-
ware we want. This means we now have a way of forcing any
single logical line to switch between a logical 0 and a logical 1
level. This is an important interfacing step to understand.

Let’s look at the hardware of the output latch circuits. Figure
4.5 shows the latch devices we will use and the pin numbers we
will connect incoming and outgoing data lines to. These latches

1/0 EXPANSION SLOT

TEMPORARY WRITE STROBE

STORAGE LATCH

r
Do LDO
D1 LD1
D2 LD2
Data from the D3 D3 To e.xternal
Commodore 64 device that the
to the 1/0 D4 LD4 computer will
expansion slot. control.
D5 LD5
I:B LD6
D7 LD7
V.
“L” - LATCHED

Figure 4.4: This block diagram shows how the data output lines from the Commodore 64 will
connect to the temporary storage latches located in the output circuit of the 1/0O expansion slot.
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are 8-bit 74LS374s. The Commodore 64 will transfer eight bits
of data during every output operation using data lines DO-D7.
Pin 11 of the 74LS374 latch is the strobe input. When active,
this line goes from a logical 0 to a logical 1. When the data is
sent to the input pin of the latch, it is stored internally in the
latch. Therefore, the strobe line is a logical 0 when activated.
The line returns to a logical 1 when the data is latched™
We have now followed the data—along with the R/W, 1/0Ol,
PHASE 2, and BA control lines—from the pins of the 1/O expan-
sion slot to the latches of an I/O circuit. Now that the data is
latched, we are ready to use this data to control an output device.
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4.6 The Light-Emitting Diodes

In this first example, we will learn to control a series of eight
LEDs, one LED for each data-output line. Using LEDs will give
us experience in turning on and off selected bits of an output
device. We covered examples of this in Chapters 2 and 3 using
the CMS 1/O system. Let’s look at what the hardware does
when we control an external device.

Figure 4.6 is a schematic diagram of how we make an LED
light. Although the LED has approximately the same electrical
symbol as a standard diode, the difference is that the LED sym-
bol has arrows pointing from it, which indicate that the diode is
capable of emitting light.

The LED performs approximately the same electrical function
as a standard diode. An important major difference is that when
the LED is forward biased, it will emit light. The materials used
to make the LED determine the color of the light. Typical LED
colors are red, green, and yellow. In Figure 4.6, the anode—
the positive (+) side—of the LED is connected to +5 volts. The

+5V

Figure 4.6: This diagram shows a typical LED connected in the forward-biased mode.
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cathode—the negative (-) side—must not be directly connected
to ground. If it is, too much current would pass through the
LED and would burn it up. Therefore, the cathode must be con-
nected to one end of a resistor, RI, so that the current would be
limited to a safe value of about 10 milliamperes, or 0.01
amperes. To turn on the LED, the other end must be connected
to ground potential, or approximately 0.0 volts.

Let’s try to construct the circuit shown in Figure 4.6 and turn
the diode on and off manually by connecting and disconnecting
the anode to +5 volts. Try reversing the connection by inter-
changing the diode leads to see what happens. Connect the
cathode of the LED to +5 volts and the anode to the resistor.
Then connect the other side of the resistor to ground. The LED
should not light under these conditions, because it is now
connected in a reverse-biased mode, as shown in Figure 4.7.
The reversed biased mode for an LED is when the anode is con-
nected to a more negative voltage than the cathode. In this con-
dition, no current will flow to light the diode.

If we apply what we've learned so far to eight LEDS, we have
the circuit shown in Figure 4.8. Each of the resistors R1-R8 is

+5

R, 3302'«WATT

Figure 4.7: This schematic diagram shows an LED connected in the reverse-biased mode.
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From 74LS374
Iat_ch outputs 7406
(Figure 4.5)

Rl - R8 - 3302U«W
5%

Figure 4.8: This schematic diagram shows the driving circuits for eight LEDs.
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connected to the LEDs at one end, and to the outputs of a 7406
integrated circuit at the other. The inputs to the 7406 come from
the output of the 74LS374 latch that we discussed in the last sec-
tion and as shown in Figure 4.5. The 7406 acts as a switch to
connect the resistors to ground potential. The LED now lights
up, because it is forward biased.

When pin 1 of the 7406 is a logical 0, the output pin 2 essen-
tially becomes an open circuit, since no current is passing
through it. The LED is off under this condition. These two con-
ditions show us that placing a logical 1 or a logical O at the
input of the 7406 turns the LED on and off.

Remember that once we set latched outputs, they will remain
a logical 1 or a logical 0 until we send new data using a POKE
statement. Thus we can control the function of the hardware
using BASIC programs similar to the ones we saw in Chapter 2.
These six sections have shown us the essential concept of
output-hardware interfacing: transferring information from one
place to another by controlling each bit to perform partic-
ular tasks.

4.7 Hardware for
Inputting Data to the Commodore 64

In the preceding section, we examined the hardware for out-
putting data from the Commodore 64. Let’s now discuss how to
design the hardware that will allow the input of external data
to the computer.

The hardware in this section is presented mainly to illustrate
the basic concepts involved in computer interfacing. The hard-
ware is very simple and has been designed to use standard, off-
the-shelf integrated circuits. We highly recommend that you
actually construct this hardware to experiment with it.

To input data to a BASIC program, we will use the PEEK state-
ment described in Chapter 3. Whenever we use PEEK to input
data from the correct address for the 1/O circuit, the 1/0Ol select
line will be an active logical 0. We discussed the process in Sec-
tion 4.2 on the enable circuit.
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Because the PEEK statement will be performing a read func-
tion, the R/W line on the 1/0 expansion slot will be a logical 1
Figure 4.9 shows that the R/W and the /01 select line are logi-
cally combined with the BA signal to generate the BOARD
ENABLE line.

While the Commodore 64 is reading data from the selected
I/0 circuit, data from the circuit is enabled electrically onto
data lines DO-D7, as shown in Figure 4.10.

Figure 4.11 shows a complete schematic diagram of a circuit
that will input data from an external source to the computer.
Although this circuit will employ the circuits of Figures 4.9 and
4.10, it requires very little hardware and operates simply.

At the center of Figure 4.11 is the 74LS240 tri-state buffer.
This buffer takes input on pins 2, 4, 6, 8, 11, 13, 15, and 17 from
input lines XCDO-XCD7. (XCD stands for External Card Data.)
These input lines are either a logical 1 or a logical 0 and repre-
sent digital information being sent to the computer from an
external instrument. The input pins can hold any digital infor-
mation desired. For our discussion, let’s assume that input lines
XCDO0-XCD7 represent some digital information we want to
send to the computer.

In our circuit, the lines XCD0-XCD7 will be connected to a
DIP (Dual In-line Package) switch, which is shown in Figure
4.12. One side of the switch is connected to ground, and the
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other side to the XCD input lines of the 74LS240 buffer shown
in Figure 4.11. When the switch is closed, the input to the
74L.S240 is a logical 0. When the switch is open, the input is a
logical 1. The input we use here is called TTL (Transistor-
Transistor Logic) input. The Commodore 64 uses TTL, which
is a family of digital electronic circuits, for some of its internal
circuits. A 74LS240 will logically invert the information input
before it outputs data to the data lines. This is exactly how the
CMS 1/0 system described in Chapter 3 operated.

BOARD ENABLE
(from Figure 4.9)

DO -\
« m_
DATA D2 DATA
DATAto be 03 output from an
input to the D4 external device,
Commodore 64. to be input to
D5 the Commodore 64.
D6
-1 07
t
DATA LINES \
used by all
1/O slots. TRI-STATE BUFFERS

(switches) under control
of the BOARD ENABLE
line.

Figure 4.10: This block diagram indicates that external data is input to a tri-state buffer. The
buffer outputs are connected to the Commodore 64 data lines. The BOARD ENABLE line shown
in Figure 4.9 will enable the buffer outputs onto the Commodore 64 data bus at the correct time.
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As we can see in Figure 4.11, the outputs of the 74LS240 are
connected to the data lines, DO-D7. We can enable, or turn on,
the outputs of the 74LS240 only when the computer electrically
requests the data from the input circuit. At all other times, the
data outputs from the buffers are set into a tri-state, or off,
mode, which electrically removes the 74LS240 outputs from the
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data bus lines. The outputs of the buffer will be placed on
the data bus only when input pins 1 and 19 are a logical 0. Pins
1 and 19 are connected to the output pin 3_of the OR gate
(74LS32), and thus will be controlled by the R/W, BA, and 1/0l
select lines of the 1/0 expansion slot.
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4.8 Enabling the Tri-state Buffer

The previous section showed us that the 74LS240 output is
placed on the data bus only when pins 1 and 19 are a logical 0.
This occurs during a PEEK instruction because the computer is
requesting data from the selected /O address. In this section,
we will examine how we use the computer to set the enable
pins to logical 0, based on what we have learned in the previous
section. This procedure will enable the tri-state buffer.

When the computer sends out an address that matches the
address for the 1/0 circuit, the 1/01 select line becomes active,
as we saw in the last section. This line is input to pin 1 of the
74L.S32 of Figure 4.11. (Remember that this line is active during
a write or POKE operation also.) Therefore®we must use the
R/W and BA lines as qualifiers. When the R/W and BA lines are
both logical 1, the computer is expecting that an external device
will send data to it. In Figure 4.11, the R/W line is connected to
input pin 2 of a 74LS00 NAND gate. The output of the NAND
gate is connected to pin 2 of the 74LS32. With both pins 1 and 2
of the 74L.S32 at a logical 0, pin 3, the output, is also a logical O.
This pin is connected to the enable input pins 1 and 19 of the
741L.S240.

Let’s review what will occur during a read or PEEK operation
from the 1/O circuit.

1. The Commodore 64 will output the correct address
that will enable the proper 1/01 select line.

2. The R/W line will go to a logical 1. This will inform
the system hardware that the computer is expecting
an external device to send data on the data bus. Dur-
ing any 1/O operation, the BA line must be a logical 1
to inform the hardware that the computer has output a
valid address. When the /Ol line goes to a logical O,
the enable input pins 1 and 19 of the 74LS240 are set
to a logical 0. At this time, the data at the buffer inputs
are placed on the data bus.

3. Meanwhile, the Commodore 64 will automatically
read the data. Chapter 3 discussed how the software
will use this data.
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4. The circuits in the Commodore 64 automatically set
the 1/01 select line to a logical 1; therefore, you do not
have to worry about making this happen. The enable
input pins 1 and 19 of the 74LS240 will be then set to
a logical 1. The action will tri-state, or turn off, the
7415240 buffer outputs, which will electrically remove
them from the data bus lines.

4.9 Summary

In this chapter, we have covered the essential details of input-
ting and outputting data with the Commodore 64, and have
looked at the schematics for the necessary hardware, which you
can build.

The next step will be to connect the input and output lines to
different types of external hardware. This will allow the com-
puter to control other hardware besides the LEDs shown here.

In Chapter 5, we will design a home security system with the
hardware and software concepts we have explored. In Chapter
6, we will discuss how to use the digital outputs to control a
voice for the Commodore 64.

However, before you attempt to accomplish this, we recom-
mend that beginners in computer interfacing take the time to
construct the circuit we presented here. There are circuit
boards available for wiring up circuits to plug directly into the
I/0 expansion slot, and all of the hardware components are
readily available from many suppliers (see Appendix E).
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hardware and software necessary for a home-
security system. We will use BASIC programs
as the controlling software. This chapter will
bring together all of the important points cov-
ered in the first four chapters.

While it does work, the system’s primary
purpose is to show you one way the Commo-
dore 64 can be used to monitor and secure a
home. We hope that when you apply this infor-
mation to your own home, you will find the
process fun and easy. You can use the informa-
tion in this chapter as a starting point for
using the Commodore 64 to control other
external systems.
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5.1 A Definition of the Problem

Let’s start by trying to define our problem: we must design
and build a system that will monitor the status of all doors and
windows in a home. There are already problems with our defi-
nition: there may be some windows that cannot be opened
which we will not monitor. There are also many doors in a
home that do not open to the outside. So let’s refine our prob-
lem: the system will monitor the status of any door that opens to
the outside of the home and any window that can be opened. For
our system, the term “to monitor the status of” means “to indi-
cate whether the door or window is open or closed.”

Our security system will determine whether a window or
door is open or closed. If a door or window is open, the system
will indicate on the Commodore 64 screen which door or win-
dow it is.

Here is the complete definition of our system:

1. The system will monitor every door that opens di-
rectly to the outside.

2. The system will monitor every window that can be
opened.

3. If the system detects an open window or door, it will
indicate this on the Commodore 64 screen.

There are certainly more functions you could design into the
system, depending on how complex you wish the system to be.
Some systems have been designed that incorporate a modem
and a voice synthesizer to call the police if a window or door is
tampered with. Remember that our example is given only as an
illustration of what can be done and will highlight the impor-
tant details of interfacing and computer control.

5.2 Drawing the House with the Computer

Part of our definition requires that the Commodore 64 indi-
cate on screen if any of the doors or windows being monitored
are open. This can be done in any number of ways, but the
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technique we will use starts with a screen display of an outline
of the house, similar to an architect’s blueprint, showing each
window or door being monitored. Figure 5.1 shows exactly
what we will draw on the screen.

We will give each door and window a label. When the system
detects that a door or window is open, the label for that door or
window will be highlighted in a special color on the screen.
This will give you a quick visual check of the status of any door
or window in the house.

Another feature of our program is that the user will have the
option of ignoring any window or door that is open. For ex-
ample, suppose you are purposely leaving a bedroom window
open because it is very hot. The program will ask which win-
dows or doors you wish to ignore, so that the screen display will
show which are open but not generating an alarm. The display

w1 W2 D1

wz

W4
W5 D2

W6

Figure 5.1: This is the outline of the house that will be drawn by the Commodore 64.
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will highlight those differently than other open windows or
doors which are causing an alarm.

Figure 5.2 shows a program written in BASIC for drawing
the layout in Figure 5.1 on the screen. This program uses the
special graphic characters of the Commodore 64.

170 REM DRAW THE SCREEN NOW
180 PRINT CHR$(147)

190 REM SET COLOR OF EACH SCREEN CELL BLACK
200 FOR 155296 TO 56295

210  POKE 10

220 NEXT I

230 REM TOP LINEOF SCREEN
240 FOR I= 1106 TO 1140

250  POKE 199

260 NEXT I

270 REM CORNERS

280 POKE 1105,79

290 POKE 1141,80

300 REM SIDES OF HOUSE

310 FOR I= 1145 TO 1584 STEP 40
320  POKE 1,100

330  POKE 36,103

340 NEXT I

350 REM CORNER + SIDE

360 POKE 1585,101

370 POKE 1621,122

380 REM FIRSTBOTTOM LINE
390 FOR I= 1600 TO 1620

400  POKE 1,10

410 NEXT I

420 REM SMALLER SIDES

430 FOR I=1625,TO 1906 STEP 40
440  POKE 1,101

450  POKE I+ 14,103

460 NEXT I

Figure 5.2: The BASIC program draws the outline of the house shown in Figure 5.1. Special
graphics characters of the Commodore 64 were used.
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470 REM CORNERS

480 POKE 1945,76

490 POKE 1959,122

500 REMBOTTOM LINE

510 FOR I=1946 TO 1958

520 POKE 1,10

530 NEXT I

540 REM SCREEN ISNOW DRAWN, NO LABELS INYET
900 REMWRITEW =WINDOWS, D=DOORS

910 FOR 1=1809TO 1816

920 READ V1

930 POKE M1

940 NEXT 1

950 FOR I=1849T0O 184
960 READVL

970 POKE IM

980 NEXT I

1100 DATA 23,61,23,9,14,4,15,23
1110 DATAA4,61,4,15,15,18

Figure 5.2 (continued)

5.3 Physical Connections
to the Doors and Windows

Now that we have drawn a layout of the house on the screen,
let’s discuss how we can make the physical and electrical con-
nections to the windows and doors. A common switch will
transform the motion or position of a window or door into an
electrical signal.

We can use various types of switches. The type we will use
for our system is opened and closed by the position of the win-
dow or door. Figure 5.3 shows a schematic diagram of this type
of switch.

In Figure 5.3, we see that when a window or door is closed,
its switch is closed. When that window or door is open, the

93
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switch is open. We now have a device that will transform a
physical event—a change in position—into an electrical event—
the signal to the computer. However, we cannot give you details
of how to install these switches because everyone’s windows,
doors, and the type of switch used may differ. We have found
that many readers will take the methods we describe and
improve them. Therefore, use these general guidelines to help
you get started in the right direction.

The switch uses resistance as the basis for its measurement.
When the switch is closed, the resistance of the switch is
approximately zero ohms. When the switch is open, the resis-
tance is infinite ohms.

We will use the characteristics of a switch to generate a digital
voltage signal that we can input directly to the Commodore 64.
Figure 5.4 shows how this will be accomplished. One side of the
switch will be connected to the ground of the computer. (We
will explain exactly how to do this later in the chapter.) The
other side is connected to an input circuit, exactly like the
circuit described in Chapter 4.

When the switch in Figure 5.4 is open, there is no electrical
path to ground through the switch. This changes the input line
connected to the 4.7K-ohm resistor to +5 volts. This voltage
level corresponds to a logical 1 in the computer. When the win-
dow or door is closed, the switch is closed which forces the input
line connected to the resistor to ground. Now, an electrical path
is established through the switch to ground. The voltage of
ground potential equals a logical 0 in the computer. Therefore,
when the door or window is open, the digital input line to the
Commodore 64 equals +5 volts, which is a logical 1. When
the door or window is closed, the digital input line equals 0.0
volts, or a logical O.

Now that we know this, we can examine the status of each
door or window using the PEEK instruction and the software
discussed in Chapter 3. We will give the complete program for
controlling the system later in this chapter.

If you have many doors and windows to monitor, you will
need quite a few electrical connections to your Commodore 64.
The voltages in the circuits are very low, so you can use light-
gauge wire—such as “speaker wire”—in the connections.
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Window or door
pressure will keep
the switch closed.

Figure 5.3: This diagram shows one type of switch that can be used to monitor doors and win-
dows. The pressure of the door or window will keep the switch closed.

CABLE or WIRE
DIGITAL INPUT from the computer to the door
to thex / or window.
Commodore 64. \ 4.7K-ohm”pr | /

SWITCH

on a window
or door. When
switch is
open, door or
window is
open.

vT
|
+5 volts - Door or window is open.

0.0 volts - Door or window is closed.

Figure 5.4: This diagram shows how the switch will be wired. One side of the switch will be
connected to the Commodore 64 ground, and the other side will be connected to a 4.7K-ohm
resistor. It does not matter which side of the switch is connected to ground.



96

THE COMMODORE 64 CONNECTION

Figure 5.5 shows a block diagram of what happens when you
connect the switches to the doors and windows. In this diagram
each switch requires two wires connected to it. This could be
cumbersome if you have many connections.

Figure 5.6 shows one way to reduce the number of wires that
need to be connected to the computer. Connect the ground lines
of the switches together. After the grounds are connected, a
single ground wire can be connected back to the computer.
Remember that it makes no electrical difference which side of
the switch is connected to ground.
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5.4 Connecting the
Hardware to the Computer

We now have a bundle of wires from the door and window
switches ready to be connected to the computer. However,
before we discuss how to make those connections, we should
verify that all of the switches will open and close, and that the
wiring from the switches to the computer is complete.

The verification procedure involves using either an ohm-
meter or a continuity light. An ohmmeter measures resistance
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in a circuit. A continuity light also checks the amount of resis-
tance: it lights up when the connection is closed or remains off
when the connection is open. In this application, a closed
connection will be approximately zero ohms and an open

SWITCHES
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connection will be (theoretically) infinite ohms. As shown in Fig-
ure 5.7, we place the test leads across the two wires that are con-
nected to any installed switches. If the door or window is
opened and then closed, your ohmmeter or continuity light will
indicate if the switch is also opening and closing correctly.

If we can verify that every switch is functioning properly, we
are now ready to see how to connect signal lines to the Commo-
dore 64. Figure 5.8 shows the electrical connections and the
digital electronics you will need to input the signal lines.

Let’s discuss each part of this diagram. On the right-hand
side are the electrical input wires from all switches, labeled
W1-W6 (windows) and D1-D3 (doors). One line from each
switch is connected to an input pin of either 1IC3 and IC4, the
74L.S244 buffers. Remember that this line is also connected to
a 4.7K-ohm resistor, as shown in Figure 5.4. The other wire
is connected to the Commodore 64 ground.

Let’s see how the computer reads W and D input lines. In
Chapter 4, we discussed the necessary circuits to input data to
the Commodore 64. We will use two similar circuits here.

One main difference between our circuits and the one in
Chapter 4 is that we added two lines, Al and A2, which are
input to the ICls, the 74LS00 NAND gates. Al and A2 are
address lines. They allow us to have several addresses associ-
ated with each 1/O circuit. In Chapter 4, these lines were not
used, because we were only using one address per 1/O circuit.
Now that we have two buffers, we need two addresses.

When we use the PEEK statement, the new address for
enabling 1C3 of Figure 5.8 will be equal to:

PEEK address = 1/0 address + 2
The 2 will set Al to a logical 1. To enable IC4 of Figure 5.8, the
PEEK address will be equal to:
PEEK address = 1/0 address + 4
The 4 will set A2 to a logical 1
For example, if we want to read the logical level of the input

lines connected to IC3, we could do it as follows. (We will
assume that the 1/0 address of the circuit is 56832 decimal.) In
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oV +5v
a w.7K-ohm
20 10 74L82§fl
Ic3
18 2 Wi
w2
r 16 4
W3
Wa One side of
12 8 switch from
windows
9 1 and
w6 doors.
7 13
D1
5 15
3 17 D2
1 19 J
74L.S244
20 10
18 2 D3
r 14 6
Ic1 12 8 One side of
12 BA r switch from
9 u door.
W o 741532
7 13
1. g)y—\13~" 5 15
------- yio # 101
—7127 3 17
119
1/01
21 CDO
20 Co1
19 cD2 Ground side
TO COMMODORE 64 ?f 5W|t|<l:h
DATABUS 18 CD3 rom &
windows
17 CD4 and
16 CD5 doors.
15 CD6
14 CD7
DATABUS to VIC-20.

Figure 5.8: Thisis the complete schematic for the I/O circuit used to connect the Commodore 64 to the external switches on
the doors and windows.
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BASIC, the PEEK statement would be:

Bl = PEEK (56832 +2)
or

B1 = PEEK (56834)

To read the logical levels of the input lines connected to 1C4, we
would use the BASIC statement:

B2 = PEEK (56832 +4)
or
B2 = PEEK (56836)

After we use these statements, the variables Bl and B2 are
equal to the input weights associated with the open and closed
positions of each door and window. We must now write the
BASIC program that will examine the position of each door and
window individually.

5.5 Software for
Interpretation of the PEEK Input Lines

At this point in designing our security system, we can input
the logical condition of each switch into a BASIC variable. This
is the way we determine whether a window or door is open or
closed. Our next step is to tell the user what the status of each
door and window is.

We can use the data we have been given so far toward any
imaginable application. For example, to tell the user that a win-
dow has been opened you could use special graphics programs
to draw a window opening with a warning flashing on the
screen. The possibilities are endless.

Figure 5.9 is a flowchart of what our program must do next.
This flowchart shows large tasks, which correspond to the rou-
tines we will write. In the first block, we draw the outline of the
house on the screen, as shown in Figure 5.1. In the second
block, we use the PEEK statement to read the digital signals of
the windows and doors into the Commodore 64.
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In the following block (3), we will fill an array called “DATA
ARRAY” with either a 1 or 0, based on the logical value of the
window or door we are monitoring. Therefore the 16 elements,
D(I) to D(16), of our data array will correspond to the logical
input values of the signal lines shown in Figure 5.8. For ex-
ample: D(l) equals the logical value of the W1 input from the
external window monitor. D(2) equals the logical value of W2,
D(3) equals the logical value of W3, and so on.

In the last block, our software will write the status of each
window and door on the screen.

In this section, we will write the software for the tasks in the
second and third blocks of the flowchart: reading the data from
the windows and doors, and filling the data array. We have
already discussed how to draw the house on the screen in Sec-
tion 5.2.

Section 4.7 showed us how to use the PEEK statement to
input the data in the Commodore 64 from an external 1/0

GO BACKTO
NUMBER 2

Figure 5.9: This is a task flowchart for the majorjobs that must be accomplished with the control
software.
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circuit. We will need two PEEK statements to read all 16 data
lines that were shown in Figure 5.8.

The data read from the input connector will be stored into
an array A. The name “A” allows forany futureexpansion of
the number of input lines for thesystem. Array A willhave
only two entries at this time, A(l) and A(2). A(l) will store the
summed weight of the data lines from IC3 of Figure 5.8, and
A(2) will store the summed weight of the data lines from 1C4
of Figure 5.8. Remember that these integrated circuits are
74L.S244s, octal buffers with eight output lines each, and that
the summed weight can be any number from 0 to 255, inclusive.

Recall also that the PEEK address is dependent on the address
of the 1/O circuit. We will use the general name “1/O add” to
mean the number that corresponds to the I/O address of a partic-
ular circuit. For our program to actually work, of course, you
must use a real address. The two PEEK statements used are:

A(D)=PEEK (10 add + 2
A =PEEK (1D add + 4

These will store the summed weight of the 16 input lines into
array A.

We have now stored into our BASIC program. The next step
is to fill data array D with the proper Is and OGs. Figure 5.10
shows the list of the array-D elements and the corresponding
window or door that each represents.

Figure 5.11 shows the section of software for filling the data
array with the correct values. After we show you the entire rou-
tine, we will then break each statement down and provide
further explanation when necessary.

In lines 500 and 510, we will set the variable R2 equal to the
number of the array-A element set by the value of T. This sub-
routine will be called twice for each element of the array A:
once with T equal to 1, and another time with T equal to 2

The statement:

520 FOR 1= FIoF+7

marks the beginning of the FOR/NEXT loop. Variable F will be
set prior to calling this subroutine, and will determine the start-
ing element of data array D. Each time our program calls the
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Data Array Value Window or Door
D) = wl
D = w2
D E)) = w3
D) = W4
DG) = W5
D®) = W6
D) = D1
D) = D2
DO = D3
D0 = NOT USED

0(1D) = NOT USED
0(12) = NOT USED
0(13) = NOT USED
0Q14) = NOT USED
0(15) = NOT USED
0(16) = NOT USED

Figure 5.10: This is a list of the "D" (data) array elements and the corresponding “W" or “D"
input line each one represents with software.

500 Rl =128

510 R2=A(T)

FOR IEFTOF+7
IFR2-RKO THEN 560
R2=R2-R1
D=1
RL =RL/2

570 NEXT I

580 RETURN

EELRE

Figure 5.11: This subroutine will fill the data array.
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subroutine, it fills eight elements of data array D. The first
GOSUB will have F equal to 1; the next will have F equal to 9.

530 IF Rl - R1 <O THEN 560
540 R2 =R2-R1
550 D(I) = 1

The value of D(I) was originally zero. It will be changed by the
weight of any array-D element tested if the summation used
the weight. We described the same type of operation in Section
3.5, and gave a similar program in Figure 3.9.

560 R1 = R1/2
570 NEXT |
580 RETURN

Line 560 will compute a new value of RI, which is the weight
of the next-lower input line to test. R is set to 128, the weight of
D7, in line 500.

Figure 5.12 shows how the main program will call the sub-
routine we just described.

At this stage in the program, the data has been input, and
data array D is filled with Is and 0s that correspond to the logi-
cal inputs of the windows and doors we are monitoring.

9% REM READ WINDOWS AND DOORS (LINES 100- 110)
100 A =PEEK(I/0 add +2)
A(2) =PEEK(I/0 add+4)
REM SET D ARRAY EQUAL TO ZERO (LINES 120-140)
FORI = 17O 16
b)=0

NEXT |

T=1

160 F=1

170 GOsUB 500 REM CALL THE SUBROUT INE

180 T=2

190 F=9
200 GOsSUB 500 REM CALL THE SUBROUTINE AGAIN

E5BBEE

Figure 5.12: This section of the main program shows the subroutine calls.
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5.6 Simulation of all Windows
and Doors for Program Development

Now we can begin to write the software that will display our
results on screen. This is an empirical, trial-and-error process:
we first try for what we think the output display should look
like and then, based on what we see, we adjust our program to
make the output more visually attractive.

During our program development, it would be useful to simu-
late the opening and closing of any combination of doors and
windows, as shown in Figure 5.13. Of course, we could simply
go to the door or window, and open or close it. But it would be
frustrating to get up from the computer whenever we tried a
different combination of door and window settings. By using
either hardware or software to fill data array D with any combi-
nation of Is or Gs we could simulate the opening or closing of
any combination of windows or doors.

CABLE
of wires from actual
window and door

switches.
COMPUTER

SIMULATION BOX
(Box of switches that
will simulate the
opening and closing
This CABLE plugs into of different doors
slot where actual and windows.)
cable was removed

Figure 5.13: The cable from the external window and door switches can be disconnected from
the Commodore 64 and a simulation switch box can be connected in its place. This type of hard-
ware box can be used for software development and for system debugging.
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The hardware technique uses a switch box, which we can
build, that will connect to the I/O circuit in place of the cable
from the door or window switches. By using this technique, we
can simply run our program and flip a switch on the box to
change the status of any door or window.

The software technique for simulating can be as exotic as you
wish. However, remember that this is a short-term effort: You
probably will not use the program once the system is developed.

Our program asks you to enter the value of each array D ele-
ment, 1 or 0. The program will allow you to change only one
array value if you want.

After setting the array-D values, the program will jump
directly to the subroutine that will output the display. We add
this subroutine to the main program during software develop-
ment. When we finish the development stage, we can delete this
section, which is shown in Figure 5.14.

DIM D(16)
PRINT ""DO YOU WANT TO CHANGE ALL OF THE VALUES”
INPUT G$
IFG$ =“Y”THEN 100
PRINT "ENTER THE DATA ARRAY NUMBER TO TOGGLE”’
INPUT Y
IF DY) =1THEN 85
D=1
GOTO 200
D=0
GOTO 200
FOR 1=1TO 16
PRINT "'DO YOU WANT D(51;9)= 17
INPUT G$
IF G$="Y""THEN Is0
D=0
GOTO0170
D=1
NEXT |
REM GOTO main program

BB EERRBERESR81388888E

Figure 5.14: This subroutine will simulate the opening and closing of various doors and win-
dows. When software development is completed, you can delete these lines.
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At line 200, which is the final GOTO, you would jump to the
line in the main program which outputs information on a
screen based on the value in data array D.

If you choose to use hardware for the simulation, you can fol-
low the schematic in Figure 5.15. In this diagram, each switch

SWITCH BOX
r n
D3
W _dno- -C)O
W2 -0M0-
W3
w4 S o
INPUT INPUT
LINES LI%S
to W <310 -070
Commodore 64. Commodore 64.
W6 070
D1
2 So- m<"o
GNDtO

Commodore 64.

Figure 5.15: This is a schematic diagram of a hardware switch box.
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corresponds to a window or door that we are monitoring. Hard-
ware simulation can be used as a debugging tool in case your
system becomes defective. You can use the simulation box
to verify that all of the interface hardware in the /O circuit
is operational.

5.7 Masking Off the Alarms with Software

Sometimes, you will not want an open window or door to
cause an alarm. When it is very hot, for example, you may wish
to leave a window or door open. In this section, we will write a
program to mask off any window or door that you do not wish
to alarm. (If you design a more elaborate security system with a
sound alarm, or even a connection to the police, the masking
capability is especially important.)

The program will ask you if you want to mask off a certain
window or door. The numbers will reside in a mask array
labeled M, which will have as many elements as data array D
that we discussed earlier. If an element of mask array M equals
a logical O (that is, if the user types “N”), then the alarm is not
masked. If the element equals a logical 1, then the alarm
is masked. For example, if we want to mask the alarm of door
DI, then M(7)=I. Figure 5.16 lists the program.

DIM M(16)
REM INITIALIZE THE MASK ARRAY TO ZERO (UNMASK ALL ALARMS)
FOR 1=1TO 16
MD=0
NEXT 1
FOR 1=1TO 16
PRINT “DO YOU WANT TO MASK OFF M9’
INPUT A$
IFA$ =“N"THEN 100
MD=1
100 NEXT 1

8B3IBLEE8BHEB

Figure 5.16: This routine will mask off any alarm you choose.
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At the end of this program, all masks will be set. Remember
that if the entry in mask array M is a logical 1, then the mask is
set. If the entry is a logical 0, then the mask is cleared. The
array is also used when the Commodore 64 generates the cor-
rected display on screen.

5.8 The Complete System

So far in this chapter, we have presented most of the software
and hardware pieces for the system separately. In this section,
we will bring all of these pieces together. The software will be
broken into functional parts, with explanations of any changes.
First, let’s look at the program so far, shown in Figure 5.17.

TERREESsaIggayNs

160
170

180
190

DIM A(5),D(16) ,M(16) ,A%(3)

PRINT CHRS(147)

FOR 1=1TO 16

D=0

MD=0

NEXT |

REM THE ABOVE ZEROED OUT ARRAYS

PRINT “DO YOU WANT TO MASK ANY DOOR OR WINDOW?""

INPUT A$

IFAS="“N"THEN 180

FOR 1=1TO 16
PRINT “DO YOU WANT TO MASK M(C”:E97;
INPUT A$

IFA$=“N"THEN 180

MD=1

NEXT I

REM DRAW THE SCREEN NOW

PRINT CHR$(147)

REM SET COLOR OF EACH SCREEN CELL BLACK

Figure 5.17: This is our program so far.
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200
210
220

240
250
260
270

410
420
430
440
450
460
470
480
490

500
510
520
530
540

FOR 1=55296 TO 56295
POKE 10

NEXT I

REM TOP LINEOF SCREEN

FOR 1=1106 TO 1140
POKE 199

NEXT 1

REM CORNERS

POKE 1105,79

POKE 1141,80

REM SIDES OF HOUSE

FOR I=1145TO 1584 STEP 40

POKE 1,101

POKE I+36,103

NEXT 1

REM CORNER + SIDE

POKE 1585,101

POKE 1621,122

REM FIRST BOTTOM LINE

FOR I=1600 TO 1620
POKE 1,10

NEXT 1

REM SMALLER SIDES

FOR 1= 1625 TO 1906 STEP 40
POKE 1,100
POKE I+14,103

NEXT 1

REM CORNERS

POKE 1945,76

POKE 1959,122

REM BOTTOM LINE

FOR 11946 TO 1958
POKE 1,100

NEXT I

REM SCREEN ISNOW DRAWN, NO LABELS INYET

Figure 5.17 (continued)
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REM NOW TO GET THE PEEK DATA
ACD =PEEK (56832 +2)
A(2) =PEEK (56832 +4)
T=1
F=1
GOSUB 670
T=2
F=9
GOSUB 670
GOTO 770
REM SUBROUTINE TO FILLDATA ARRAY
REM
R1 =128
R2=A
FORIEFTO F+7
IFR2- R1 <0 THEN 730
R2=R2-R1
D=1
Rl =R1/2
NEXT |
RETURN

Figure 5.17 (continued)

Statements 10-640 will ask you to input the masked alarms, and
then will draw the outline of the house on screen. Finally, the
system will input the status of the windows and doors in
the print section to fill in the screen-display outline.

We now need a new section that will compare the logical
input data from the windows and doors against the mask data,
and that will write different information to the screen based
on this comparison. Three possible conditions to write to the

display are:

1

NO ALARM. The display will show the window or

door number in black.

ALARM. The display will show the window or door

label in yellow.
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3. ALARM but MASKED. The display will show the
window or door label in light blue.

We must take care of several details before we set up this sec-
tion. First, we need to assign letters and numbers that will
define the labels for each door or window on our screen outline
of the house. We have used two-character labels in earlier chap-
ters: for example, a window could be WI, and a door could be
DI. We will incorporate these labels into DATA statements.

We will describe only one method to accomplish this. The
DATA statement for each label will be formatted like this:

DATA 23,1034,49,1035

N M

W mem 1 mem
add add

Each label has four data parts, two for each character in the
label. The first part consists of the decimal equivalent of
the first letter, which is either W or D, and its video memory
location. The second character of the label also has two num-
bers associated with it. We will use four values to poke the data
into the screen memory. Figure 5.18 shows the memory loca-
tions and layout of the Commodore 64 video memory.

Because there are nine labels, W1-W6 and D1-D3, we will
use nine data statements. Each statement will contain the neces-
sary information for one label. You do not have to use nine data
statements, but it makes the organization of the data much
simpler to understand in our case.

After we write the label into the screen location, we must set
it to the correct color. We will use black, yellow, and light blue.
To make the label the correct color, we must fill the color array
for the screen with the appropriate color number: black =0,
light blue =14, and yellow =7. The color memory grid looks like
the grid shown in Figure 5.18, except all addresses are offset
by 54272.

To put the correct color into the color memory array, we must
check if there was an alarm at the specified window or door.
Figure 5.19 shows the software necessary to write the correct
color labels to the screen of the Commodore 64. Figure 5.20
gives the complete program for our home-security system.
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SCREEN MEMORY MAP

COLUMN
20
1063

JL

2023

COLOR MEMORY MAP

COLUMN

20 39

55335

J1

55296 h

55336
55376
55416
55456
55496
55536
55576
55616
55656
55696
55736
55776
55816
55856
55896
55936
55976
56016
56056
56096
56136
56176
56216
56256

56295

Figure 5.18: These are the Commodore 64 screen memory map and the color memory map.
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760
770
780
790
800
810
820

850
860
870
880
890

910
920
930

88IEEE

1000
1010
1020
1030
1040
1050
1060
1070

Figure S.19: This routine will examine the D and M arrays to see if an alarm is present. It then will print

REM THISWILL PUT INLABELS OF CORRECT COLOR
RESTORE
FOR I=1T0 9
REM MAX NUMBER OF LINES TO CHECK
READ V1 ,\2
READ V3,V4
IFO)=0 THEN Q1 =0: REM NO ALARM
IFD)= 1AND MT)=0 THEN Q1 =7: REM ALARM
IFO)= 1AND M()= 1THEN Q1 = 14 :REM ALARM BUT
MASKED
POKE V2,1
POKE V4,V3
POKE V2 +54272.01
POKE V4 +54272,01
NEXT I
REMWRITEW =WINDOWS, D =DOORS
FOR I= 1809 TO 1816
READ V1
POKE IM
NEXT I
FOR I= 1849 TO 1854
READ V1
POKE I\
NEXT I
REM FINISHED WITH A SINGLE PASS
GOTO 560
DATA 23,1110,49,1111
DATA 23,1118,50,1119
DATA 4,1134,49,1135
DATA 23,1421,51,1461
DATA 23,1545,52, 1546
DATA 23,1605,53,1606
DATA 4,1612,50,1613

the labels in their correct colors, based on the alarm conditions.

115
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1080 DATA 4,1799,51,1839

1090 DATA 23,1952,54,1952
1100 DATA 23,61,23,9,14,4,15,23
1110 DATA 4,61,4,15,15,18

1120 END

Figure 5.19 (continued)

10 DIMA(),D(16),M(16),A%3)
20 PRINT CHR$(147)
30 FOR I=1T09
D=0
50  MD=0
60 NEXT I
70 REM THE ABOVE ZEROED OUT ARRAYS
80 PRINT “DO YOU WANT TO MASK ANY DOOR OR WINDOW?”
90 INPUTAS$
100 IFA$=“N"THEN 180
110 FOR 1=1TO9
120 PRINT “DO YOU WANT TO MASK MC”;EY’;

130 INPUTA$

140 IFA$="N"THEN 160
150 MD=1

160 NEXT 1

170 REM DRAW THE SCREEN NOW

180 PRINT CHR$(147):REM HOME CURSOR

190 REM SET COLOR OF EACH SCREEN CELL BLACK
200 FOR 155296 TO 56295

210 POKE 10

220 NEXT I

230 REM TOP LINEOF SCREEN

240 FOR I=1106 TO 1140

Figure 5.20: This is the complete program for the home-security system presented in this chapter.
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250
260
270
280
290

310

320
330

360
370

410
420
430

470

490

510

EELEE

570

590

POKE 1,9
NEXT I
REM CORNERS
POKE 1105,79
POKE 1141,80
REM SIDES OF HOUSE
FOR I= 1145 TO 1584 STEP 40
POKE 1,101
POKE I+36,103
NEXT I
REM CORNER + SIDE
POKE 1585,101
POKE 1621,122
REM FIRSTBOTTOM LINE
FOR I= 1600 TO 1620
POKE 1,100
NEXT 1
REM SMALLER SIDES
FOR I= 1625 TO 1906 STEP 40
POKE 1,101
POKE I+ 14,103
NEXT I
REM CORNERS
POKE 145,76
POKE 1950,122
REM BOTTOM LINE
FOR 1=1946 TO 1958
POKE 1,100
NEXT I
REM SCREEN ISNOW DRAWN, NO LABELS INYET
REM NOW TO GET THE PEEK DATA
A(L) =PEEK (56832+2)
A(2) =PEEK (56832+4)
T=1
F=1

Figure 5.20 (continued)

117
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600 GOSuB 670

610 T=2

F=9

GOSUB 670

GOTO 770

REM SUBROUT INE TO FILL DATA ARRAY
REM

670 R1=128

680 R2=AM

690 FOR I=FTOF+7

700 IFR2 - RL<OTHEN 730

710 R2=R2-R1

720 D=1

730  RL=RI2

740 NEXT I

750 RETURN

760 REM THISWILL PUT INLABELS OF CORRECT COLOR
770 RESTORE

780 FOR I=1TO9

790  REMMAX NUMBER OF LINESTO CHECK

EEZE8

800 READV1,\V2

810 READV3.V4

820 IFDA=0THENOL =5

830 IF D)= 1AND MI)=0THEN Q1 =2
840 IFDM=1AND MID=1THEN Q1=7
850 POKE\2,V1

860 POKEV4,V3

870 POKEV2+54272,01

880 POKE V4 +54272,01

890 NEXT 1

900 REMWRITEW =WINDOWS, D=DOORS
910 FOR I=1809 TO 1816

920 READVL

930 POKE IM

940 NEXT 1

Figure 5.20 (continued)
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88388

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

FOR 1=1849TO 1854
READ V1
POKE 1M
NEXT 1
REM FINISHEDWITH A SINGLE PASS
GOTO 560
DATA 23,1110,49,1111
DATA 23,1118,50,1119
DATA 4,1134,49,1135
DATA 23,1421,51,1461
DATA 23,1545,52,1546
DATA 23,1605,53,1605
DATA 4,1612,50,1613
DATA 4,1799,51,1839
DATA 23,1952,%4,1953
DATA 23,61,23,9,14,4,15,23
DATA 4,61,4,15,15,18
END

Figure 5.20 (continued)

5.9 Summary

119

In this chapter, we have presented the complete design—from
a definition of the problem to the necessary hardware and
software—of a home-security system using the Commodore 64
as the system controller. This example presented details and
problems that are typical of computer-controlled systems.
Remember that the system was designed to teach you general
principles and guidelines for program development. Therefore,
once you understand the major parts and steps of the system,
they can guide you when you design the hardware and software
for a more elaborate system.






ADDING A VOICE TO THE
COMMODORE 64

puter voice to the Commodore 64. This topic
falls under the broad catagory of “Voice Syn-
thesis.” After we examine a general block dia-
gram of a speech circuit, we will present the
hardware for a speech synthesizer, which is
extremely simple and easy to use with your
Commodore 64. We then will begin to write
the software for voice control, giving examples
of BASIC programs for generating words,
phrases, or commands. The speech synthe-
sizer circuit allows you to use an unlimited
vocabulary of words.
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This chapter will show you just how easy it is to make your
system talk when you want and say what you want. The circuit
we present is very easy to construct, even if you are a hardware
beginner. This chapter will also introduce you to how to use
speech synthesis for robotics and machine control.

6.1 Phoneme Speech

The type of speech synthesis we will use is called phoneme
speech synthesis (PSS). A phoneme is defined as a language’s
smallest fundamental unit. Each word we speak is comprised of
a set of phonemes—a group of sounds—that, when spoken in
succession, produce the entire word.

Let’s look at the word baby as an example to show the differ-
ent sounds that comprise that word. Of course, the sounds will
depend on where you are from and what accent you speak
with. You can use phonemes to tailor a particular word to suit
your taste.

Baby is made of four individual phonemes. The first is “B,”
which does not sound like the letter of the alphabet, but which
sounds more like the letters “BI” with the | being short. Next,
the phoneme “AY” is used. This sounds like the long A in the
word made. The last two are the “Bl” and “EE” phonemes.
“EE” sounds like the long “E” in the word eat. By stringing these
four sounds together, we can form the complete word baby.

Any word may be broken down into its respective phonemes.
To reproduce a word, we only need to output its phonemes in
the correct sequence. The speed at which the phonemes are out-
put will change the pitch of the word.

6.2 The Set of Phonemes

Figure 6.1 shows a set of 64 phonemes that are available for
the Votrax phoneme-synthesizer chip, the SC-01, which we will
use to generate a voice for our computer. Figure 6.1 gives the
phoneme hexadecimal code, phoneme symbol, output duration,
and example word for each phoneme. The hexadecimal
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code is the 8-bit binary code, written in hexadecimal notation,
which will produce the corresponding phoneme sound when
applied to the SC-01 chip. We will use all four categories later in
this chapter. However, at this point, Figure 6.1 may be easier to

Phoneme Phoneme Duration Example Phoneme Phoneme Duration Example

Code Symbol (ms) Word Code Symbol (ms) Word
00h EH3 59 jacket 20h A 185 day

01h EH2 71 enlist 21h AY 65 day

02h EH1 121 heavy 22h Y1 80 yard
03h PAO 47 no sound 23h UH3 47 missjon
04h DT 47 butter 24h AH 250 mop
05h A2 71 made 25h P 103 past
06h Al 103 made 26h (0] 185 cold
07h ZH 90 azure 27h | 185 pin

08h AH2 71 honest 28h U 185 move
09h 13 55 inhibit 2%h Y 103 any

0Ah 12 80 rnhibit 2Ah T 71 tap

0Bh 1n 121 inhibit 2Bh R 90 red

0Ch M 103 mat 2Ch E 185 meet
0Dh N 80 sun 2Dh W 80 win

OEh B 71 bag 2Eh AE 185 dad
OFh \% 71 van 2Fh AE1 103 after
10h CH* 71 chip 30h AW2 90 salty
11h SH 121 shop 31lh UH2 71 about
12h Z 71 Z00 32h UH1 103 uncle
13h AW1 146 lawful 33h UH 185 cup

14h NG 121 thing 34h 02 80 for

15h AH1 146 father 35h 01 121 aboard
16h 001 103 looking 36h 11 59 you

17h 00 185 book 37h ul 90 you

18h L 103 tend 38h THV 80 Uie

19h K 80 trick 39h TH 71 thin
1Ah J* 47 judge 3Ah ER 146 bird

1Bh H 71 hello 3Bh EH 185 get

1Ch G 71 get 3Ch El 121 bE

1Dh F 103 jast 3Dh AW 253 call

1Eh D 55 paid 3Eh PA1 185 no sound
1Fh S 90 pass 3Fh STOP 47 no sound

Ul must precede /CH/ to produce CH sound.
IDI must precede MI to produce J sound.

Figure 6.1: This is a list of the 64 phoneme codes that can be produced by the Votrax SC-01 chip. Reproduced by permis-
sion of Votrax, a division of Federal Screw Works.
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understand if you concentrate on the phoneme symbol and the
example word.

The example word indicates what the phoneme will sound
like when generated electronically. We can use the phonemes
that produce no sound—PAO, PAI, and STOP—for pauses
between words. We will show examples of this later.

6.3 How are the
Correct Phonemes Chosen?

Choosing the correct phonemes for a particular word can be
very complicated. There are reference tables to help you get
started. However, because of the many subtle differences in dia-
lect, phoneme selection becomes more difficult when you try to
tailor words to match your own speech.

A good method of selecting the correct phonemes for a partic-
ular word is to use a ready-made list, which is usually supplied
by the manufacturer of the particular PSS chip you are using.
Figure 6.2 gives two words using phonemes supplied by Votrax
for the SC-01 chip. Appendix D gives a more complete list of
sample words.

ACTIVE
PHONEME 2/AE1, 2/BH3, 1K, PR, T, 112, 1IN

(HEX DATA) AF 80 59 43  6A 4A 4F
BACK
PHONEME 3B, 2/AFl, /BB, 1K
(HEXDATA) CE  AF 40 59
3/B
PITCH/X'PHONEMESYMBOL

12,11

Figure 6.2: These are two examples of words that are produced by stringing phonemes
together. The number in front of the phoneme indicates the pitch code, 0-3, thatis used.
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For words not included in the ready-made list, try to make
your new words from “pieces” of ready-made words. This tech-
nique will usually get you in the ball park. For example,
suppose you wanted the phonemes for Saturn, a word not on
the ready-made list. We can create this word using the first part
of Saturday and the last part of return. Figure 6.3 shows the
phonemes of Saturday and return that will be used to produce
the phonemes of Saturn.

6.4 The Votrax SC-01 Chips

So far, we have discussed the concept of phoneme speech
synthesis. Let’s now put that concept to use. We must produce
electrically the selected phonemes in the correct order with the
correct timing. Fortunately, the SC-01 chip has dramatically
simplified this task. Figure 6.4 shows a flowchart of the neces-
sary steps to produce a word using phonemes.

Figure 6.5 shows another flowchart and a pinout of the SC-01
chip. In this figure, let’s see how we interface the chip to a con-
trol device. Our discussion is intended only to show you how to

SATURDAY
PHONEME 2/S, 1/AE1, 2/EH3, 1/DT, 1/R, 1/D, 1/A1, AIAY
(HEX DATA) 9F 6F 80 44 6B 5E 46 61
V. y
“ SAT"
RETURN
PHONEME 1/R, 1/EL 3T, 1/ER, 1/R 1IN
(HEX DATA) 6B 7B EA 7A 6B 4D
“URN”"
SATURN
PHONEME 2/s, 1/AE1, 2/EH3, DT, 1/ER 1/R 1IN
(HEX DATA) 9F 6F 80 44 7A 6B 4D

Figure 6.3: The word Saturn can be made of parts of two words, Saturday and Return. This is
one way to form new words.
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use the SC-01 chip to generate phoneme speech. We will not dis-
cuss in detail how the device operates internally.

POWER SUPPLY ( W, \G)

Vp is the positive voltage supplied to the SC-01 chip. The
value is between +7 and +14 volts. Normal operating voltage
equals +12 volts. Gis connected to ground, or zero potential.
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Vp
?
VP Mcre
PHONEME ¢ g5 PO-P5 MCX
CODE
—_—r
_____ N
2 BITS 11-12
_____ N
sC-01
LATCH (t) AF
PHONEME STB 20 AUDIO
CODE OUTPUT
cB
ACKNOWLEDGE/ WR Ve
REQUEST NEW
PHONEME DATA
@
1 22
c Vp AO D
21
c 12 AF 1
3 20
Cu cB 3
4 19
¢ NC Ne 3
5 18
CTr3 vg 1
6 17
C P2 TP [
7 16
¢ STB MCRC 3
8 15
C AR Mcx 3
9 14
CP5 P0 3
10 13
C P4 PL 3
u 12
CP3 P2 3

NC - NO CONNECTION
TPX - NO CONNECTION

()

Figure 6.5: This shows a pinout and a flowchart of the SC-01 device.
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PHONEME CODE (P0O-P5)

These six input bits point to the phoneme you want to output.
The SC-01 can output 64 different phonemes, the codes of
which are listed in the first and fifth columns in Figure 6.1. Pho-
neme code represents the logical condition of the six input bits
P0O-P5. The phoneme hexadecimal codes are from QOChto 3Fh.
The computer that controls the SC-01 supplies the phoneme
code at the correct time. We will discuss this later when we
show the circuit for controlling the device.

PITCH (11,12)

These two input bits determine the pitch of the selected pho-
neme. 00 is the lowest pitch, and 11 is the highest pitch. 11 is
the least-significant bit of the two.

STB (STROBE FOR PHONEME CODE)

This input signal is the strobe to the SC-01 that indicates
when the external controller has applied the phoneme code and
the inflection bits to PO-P5 and II, 12 When the signal goes
from a logical 0 to a logical 1, the SC-01 will operate on the
applied inputs.

The phoneme code bits (PO-P5) are latched with the strobe
input. The I, 12 bits, however, must be latched externally to the
device. This is a simple process, which we will discuss when
we examine the actual circuit for using the SC-01.

The STB input must remain low for a minimum amount of
time that is specified as 72 times the Master Clock Frequency.
At a clock frequency of 720 kilohertz, the period equals
1.40 microseconds. This means that the STB must remain low
for longer than 100 microseconds. You may not think this is
very long, but when we design the controller for the SC-01, we
must use a circuit to meet this specification.

A/R (ACKNOWLEDGE/REQUEST)

This is the handshake line between the SC-01 and the control
circuit. When the STB input strobes a new phoneme code into
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the SC-01, the output is set low. After the SC-01 has processed
the phoneme code, the A/R line is set to a logical 1, which indi-
cates the device is ready to accept a new phoneme code.

The control hardware will monitor the logical level of the A/R
line to determine when a new phoneme should be input. We
will give examples of how we can use this line in a polled or
interrupt mode for a controlling microprocessor.

MCRC (MASTER CLOCK RESISTOR-CAPACITOR)

This input determines the internal master clock frequency. It
is accomplished by selecting a resistor and capacitor whose
respective valves (R and C) are multiplied together giving an RC
time constant. In this case, the resistor and capacitor are con-
nected in series forming a series RC network. Resistance-
capacitance (RC) values are selected for an operating frequency
of 720 Kilohertz. The frequency of the master clock is approxi-
mately equal to 1.25/RC. Note that the maximum R value is
specified at 6.8 K-ohms. When using this RC network as the
clock frequency, the MCRC input is connected to the MCX
input. If you use an external clock input, the MCRC input is
connected to ground.

MCX (MASTER CLOCK EXTERNAL)

This input allows you to use an external clock to determine
the operating frequency of the SC-01. If you dont use an exter-
nal clock, connect this input to the MCRC input line.

AO (AUDIO OUTPUT)

This supplies the analog signal to an audio output device.
This type of device is an audio amplifier similar in function to
the amplifier in your stereo system.

AF (AUDIO FEEDBACK)

This output signal is used with a class A or class B transistor
audio amplifier.
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CB (CURRENT SOURCE FOR CLASS B)

This output is the current source for a Class B amplifier.

6.5 Connecting Up the SC-01

In this section, we will discuss how to connect the SC-01 to
perform as a phoneme speech synthesizer. We will look at a cir-
cuit that is universal and that we can connect not only to our
Commodore 64 but to most home or business computers in any
computer-controlled system.

Figure 6.6 shows one way we can connect the SC-01 to the
Commodore 64. This is a general connection to an output latch
from some type of microprocessor system, such as a personal
computer or a stand-alone microprocessor system. Let’s now
review the important points of Figure 6.6.

In Figure 6.6, the power supply pin VP for the SC-01 chip
is connected to +12 volts. The VGpin is connected to ground.
A 0.1-microfarad capacitor is placed between the VP and VG
pins. The oscillator RC is equal to 6.8 K-ohms and approxi-
mately 330 picofarads.

The STB input and pins PO-P5, Il, and 12 are connected to
output lines from a microprocessor-controlled system. The 7407
buffer device will translate the 0-5 volt output signals from the
Commodore 64 to signals that switch from 0-12 volts, which
are required by the SC-01 device. The A/R output from the
SC-01 is connected to the computer as an input to be monitored
(polled) or as an external interrupt.

We connect the audio output AO from the SC-01 to a simple
audio amplifier. Our amplifier circuit must current-buffer AO
before we can use it to drive a speaker. However, if you have a
favorite amplifier circuit, do not hesitate to experiment with it
in place of the one we show.

Using the circuit shown in Figure 6.6, the SC-01 is capable of
an unlimited vocabulary of speech. In the next section, we will
discuss the interface to the Commodore 64, before we go on to
the different software to control the SC-01.
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NPN - 2N3904

Figure 6.6 (a, b): This complete schematic shows how to connect the SC-01 device to the Commodore 64.
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6.6 Controlling the SC-01
with the Commodore 64

Before we can discuss the A/R output line, let’s assume the
P0O-P5 lines and the Il, 12 lines are connected to an output
latch of the Commodore 64, as shown in Figure 6.7. The STB
line is connected to another output latch. The A/R line acts as
an input line from the SC-01 device to the Commodore 64.

With the A/R line connected as shown in Figure 6.7, the com-
puter monitors the logical state of the input. When the A/R line
goes from a logical 0 to a logical 1, the computer inputs the next
phoneme to the SC-01. The A/R output is set to a logical 0 when
the STB line goes from a logical 0 to a logical 1.

Figure 6.8 shows a flowchart of the necessary sequence of
events to input phonemes to the SC-01 device with the A/R line
connected as an input line.
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8-BIT LATCH

Figure 6.8: This is a flowchart of the sequence of events required to input phonemes to the
SC-01 device.
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6.7 Example 1
Outputting a Single Phoneme

In this section, we will write a BASIC program that will out-
put a single phoneme code to the SC-01 device. You will be able
to hear exactly what each phoneme sounds like. Once you
understand this program, we will begin stringing the phonemes
together to produce words.

Figure 6.6, the schematic diagram of the electrical connection
between the Commodore 64 and the SC-01 device, listed the
POKE and PEEK address numbers for the PO-P5, II, 12, STB,
and A/R lines. We will be using these numbers in our programs.

Figure 6.9 gives the flowchart for this first program. Let’s
discuss this flowchart, before we write the BASIC program to
realize the flow of events.
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Step 1. We will input two hexadecimal digits, which represent
one of the 64 phoneme codes, with 1l and 12 set to the correct
patch code 00-11. In this step, you can input your hexadecimal
data as a two-character string.

Step 2. We will decide whether or not to terminate the pro-
gram. If the data you entered in Step 1 equals -1, then the flow
of the program will proceed to Step 7 (STOP). (You may use any
symbol you desire to terminate your program. We chose -1
simply as an example.) If the data you entered did not equal - 1,
then the flow will proceed to Step 3.

Step 3. We now convert the hexadecimal, two-character string
entered in Step 1 into 8 bits of binary data.

Step 4. We now can output the phoneme code to the SC-01
chip. Figure 6.6 showed us that the output address of the pho-
neme code was equal to 56834. We can use a POKE statement
to output the phoneme code.

Step 5. Since the phoneme code now is present on the P0-P5
inputs to the SC-01, we set the STB input to a logical 1. When
this happens, the SC-01 device processes the input data and out-
puts the desired phoneme. The A/R output line will go to a logi-
cal 0, when the STB output goes to a logical 1. The address of
the STB output line is 56836.

Step 6. We now set the STB input line to a logical 0. Steps 5
and 6 are used together to apply a logical 1 pulse to the STB
line. When the SC-01 completes processing the phoneme that
was input, the A/R line goes to a logical 0. In this program, we
won't examine the logical state of the A/R line, because we will
input only one phoneme at a time.

When the program has finished Step 6, it jumps back to Step 1
and inputs another phoneme code from the keyboard.

Figure 6.10 shows a BASIC program to realize the flowchart
of Figure 6.9. Compare the REM statements to the flowchart to
help you understand what will happen. Our subroutine converts
hexadecimal data to decimal data one character at a time.
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E5BREBS®I8E 888

160

SER8EBBES

250
260
270
280
290

DIM T$(2)
REM INPUT THE 2-DIGITHEX STRING

PRINT “INPUT THE HEX VALUE FOR EACH
CHARACTER. -1 = END”

INPUT T$

IFT$ =~ 1”THEN 290

REM IFINPUT = - 1THEN STOP

GOSUB 190

REM SUBROUTINE TO CONVERT HEX TO DECIMAL
REM NOW TO OUTPUT PHONEME CODE TO THE SC-01
POKE 56834,T1

REM NOW TO PULSE THE STB INPUT TO THE SC-01
POKE 56836,1

POKE 56836,0

REM DO ITAGAIN

GOTO 40

REM THIS ROUTINE WILL CONVERT ASCHI TO DECIMAL
REM EACH DIGIT ISCONVERTED ONE AT ATIME
C$ = MIDS(TS$,1,2)

M1 =48

IFC$ > =“A”THEN M1 =55

X = 16%(ASC(C$) - ML)

C$ = MIDE(T$,2,2)

M1 =48

IFC$ > =“A”THEN M1 =55

Y =ASC(C$) - ML

TL=X+Y

RETURN

STOP

Figure 6.10: This is the BASIC program to realize the flowchart of Figure 6.9.

6.8 Example 2
Outputting Words with the SC-01 Chip
In this example, we will output words with the SC-01 device

by inputting all of the phoneme hexadecimal codes required to
synthesize a particular word. We will store these hexadecimal
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codes in an array in which the last byte of data will be -1.

When you enter -1, the program will output all the pho-
nemes to the SC-01 chip in the order you entered them. If the
codes were correct, you will hear a word over and over. For
now, it is best to let the chip repeat the word over and over so
that you will be certain to hear it. If the chip only outputs the
word once, you may miss it. However, this is up to you. Try it
different ways to see how you like it.

Figure 6.11 is the flowchart for this program. Let’s discuss the
points of this flowchart that we did not cover in the preceding
example.

Steps 1-5. These input the phoneme codes that will comprise
the entire word. After you enter all of the phoneme codes, you
will enter a -1.

For example, the phoneme codes for the word second are 5F,
82, 59, 71, 4D, 6A. First, you enter these in the order shown.
Then you add a 3E, -1. The 3E creates a pause with no sound
for approximately 185 milliseconds between the repeating of the
word. A -1 logically informs the program that this is the last
phoneme code to be entered. The complete data entry for the
word second is 5F, 82, 59, 71, 4D, 6A, 3E, -1.

Step 6. The program jumps here after we enter the - 1
Steps 7-7A. These output the phoneme data to the SC-01.

Steps 8-9. Here we test the logical level of the A/R output. If
this output is a logical 0, the SC-01 is not finished processing
the phoneme and we will continue to test the line until it goes
to a logical 1. When the A/R line is a logical 1 the program
goes to Step 10.

Step 10. The program prepares to output the next phoneme.

Step 11. The program will test the output code for a -1. If it
equals -1, then the entire word has been output. The program
will return to Step 6 and output the word again.

If the code does not equal -1, the program will go to Step 7
to output the next sequential phoneme code that you entered.

Figure 6.12 shows a complete BASIC program to realize the
flowchart shown in Figure 6.11.
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ADDING A VOICE TO THE COMMODORE 64

DIM T$(2),V1(100)
Ci1=1
REM INPUT THE 2 DIGITHEX STRING

PRINT “INPUT THE HEX VALUE FOR EACH
CHARACTER -1= END”

INPUT T$

IFT$ =“-1"THEN 110

REM IFINPUT = - 1THEN END OF STRING

GOSUB 320

REM SUBROUTINE TO CONVERT HEX TO DECIMAL
GOTO 40

V1(C1)=-1

REM SET LAST ELEMENT OF ARRAY EQUAL TO -1
REMNOW TO OUTPUT THE PHONEME CODES INTHE ARRAY
Cl=1

POKE 56834, V1(C1)

REM NOW TO PULSE THE STB INPUT TO THE SC-01
POKE 56836, 1

POKE 56836,0

REM INPUT THE LOGICAL VALUE OF A/R

A = PEEK(56832)

REM A/R ISCONNECTED TO D7 INPUT,<128= 0

IF A< 128 THEN 200

REM CHECK FOR LAST ELEMENT OF ARRAY
Cl1=C1+1

IFVL(C1)=-1THENC1=1

REM IFLAST ELEMENT, THEN START OVER INARRAY
REM IFNOT LAST ELEMENT, THEN OUTPUT NEXT ELEMENT
GOTO 150

REM SUBROUTINE FOR HEX TO DECIMAL

REM THIS ROUTINE WILL CONVERT ASCIHI TO DECIMAL
REM EACH DIGIT ISCONVERTED ONE AT A TIME

C$ =MID$(T$,1,1)

M1 =48

IF C$>="A"THEN M1 =55

X =16*(ASC(C$)-M D

Figure 6.12: This BASIC program realizes the flowchart of Figure 6.11.

139
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360 C$ =MID§(T$,2,2)
370 M1=48

380 IFC$>="A"THEN M1 =55
300 Y =ASC(C$)-M1

400 TL=X+Y

410 VI(CD=TL

420 C1=C1+1

430 RETURN

Figure 6.12 (continued)

6.9 Example 3:
Outputting a Sentence with the SC-01

In the first two examples, we have output single phonemes
and individual words. Now we are ready to output complete
sentences or commands. This program will be very similar to
the second example. We will input all the phonemes for each
word. Between words, we will enter a 3E phoneme code that
will allow for a pause between words. A -1 will mark the end
of the sentence.

Most sentences require many hexadecimal phoneme codes.
Therefore, we will place the codes into DATA statements
instead of inputting the codes while the program is running, as
we did before. For example, the sentence “Today is Saturday”
will require the phoneme codes:

AA, A8, 5E, 46, 61, 3E, 67, 92, 3E, 9F, 6F, 80, 44, 6B, 5E, 46, 61, 3E, -1
\% A % J

TODAY IS SATURDAY

In this string, notice that there is a 3E between words and a -1
at the end of the sentence.

Figure 6.13 gives the flowchart for the program to output a
sentence with the SC-01. Since the data is treated as string data,
the program will convert the entire string to decimal data,
before outputting the data to the SC-01. Figure 6.14 shows a
BASIC program for the flowchart of Figure 6.13.
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OUTPUT
ALL
PHONEMES
TO
PRODUCE
SENTENCE

Figure 6.13: This is a flowchart for a program that will allow the SC-01 device to output a single
sentence or phrase over and over.
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DIM T$(2),V1(30)

Cl=1

RESTORE

REM CONVERT STRING DATA TO DECIMAL DATA AND PLACE INARRAY
READ T$

IFT$ = “~1"THEN 100

GOSUB 290

REM SUBROUTINE WILL CONVERT STRING DATA TO DECIMAL
GOTO 50

Vi) = -1

REM SET LAST VALUE INARRAY EQUAL TO -1

Cl=1

REM OUTPUT FIRST PHONEME CODE INDATA LIST
POKE 56834,V1(C1)

REM PULSE THE STB INPUT TO THE SC-01

POKE 56836,1

POKE 56836,0

REM CHECK THE LOGICAL VALUE OF THE A/ROUTPUT
A = PEEK(56832)

IF A <128 THEN 190

REM IFA/R = OTHEN KEEP TESTING

Cl=Cl+1

IF V1(C1)= -1 THENC1 =1

REM CHECK FOR LAST ELEMENT OF THE ARRAY

REM IFNOT LAST ELEMENT THEN OUTPUT NEXT

REM IFLAST ELEMENT, RESET COUNT AND DO ITAGAIN
GOTO 140

REM SUBROUT INE FOR HEX TO DECIMAL

C$ = MID$(T$,1,1)

M1 =48

IFC$>="“A"THEN M1 =55

X =16* (AC(C$) - M1)

C$=MID$(T$,2,2)

M1 =48

IFC$>="A"THEN M1 =55

Figure 6.14: This is a BASIC program to realize the flowchart of Figure 6.13.
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360 Y =ASC(C$)-M1

370 T1=X+Y

380 VI(CLD)=TL

390 C1=C1+1

400 RETURN

410 REM THIS ISTHE DATA TO OUTPUT. 3E SEPARATESWORDS, -1 ISEND
420 DATA AA,A8,5E,46,61,3E,67,92,3,9F,6F,80,44,68,5E,46,61,3, - 1

430 REM DATA IS*TODAY ISSATURDAY”

440 REM

Figure 6.14 (continued)

6.10 Summary

In this chapter, we have discussed voice synthesis using
phonemes. We chose this technique because it allows you an
unlimited vocabulary which is easy to generate. After we
explained how phoneme speech works, we presented a block
diagram and schematic of connecting the SC-01 chip to your
Commodore 64. We closed the chapter by giving three complete
software examples of how to use the SC-O1 chip to generate
speech.

You can use phoneme speech synthesis quite easily to give
your system a voice. After a little experimentation, you will
have your voice speaking when and what you desire.






THE ANALOG-VERSUS-DIGITAL
DIFFERENCE AND TRANSDUCERS

In this chapter, our discussion will introduce
two concepts: 1) the difference between analog
and digital events, and 2) the transducer. If
you are already familiar with these concepts,
you may want to skip this chapter. However,
anyone who wishes to learn about computer
control must understand the difference
between analog and digital events, and the
importance of transducers. As we will see,
external devices are mostly analog in nature.
We need to convert some features before the
devices can operate under digital control.
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7.1 Analog Events

Briefly, an analog event is one whose output is variable. Let’s
look at a few examples of the analog concept that also prove
that we live in an analog world.

The common mercury thermometer is an analog device be-
cause its output (the temperature reading) can have virtually any
value. A typical thermometer scale is shown in Figure 7.1. The
range of values is limited by the scale on the thermometer (97-
103 degrees F), but within these limits there are an infinite
range of possible readings. The temperature reading, like any
analog output, can be anywhere between these limits.

103°F
102°F
101 °F

100°F

Figure 7.1: This typical thermometer shows the temperature scale in degrees Fahrenheit. The
reading can be anywhere on the scale, which has an infinite number of potential output values.
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You may be confused by our terms. The word digital has been
applied to thermometers that display numbers (digits) and use
digital electronics in their display circuitry. In that sense (which
is how digital is commonly used), they are indeed digital devices.
As measuring instruments, however, these thermometers are
analog devices, just as mercury thermometers are, because tem-
perature is an analog phenomenon.

Sense perceptions may be thought of as analog events; con-
sider the feeling of hunger. There are varying degrees of hunger:
full, almost full, a little hungry, very hungry, famished, or any
number of different states in between. Because the range of sen-
sations is apparently continuous, we consider hunger to be an
analog event.

7.2 Digital Events

The outputs of digital events are not infinitely variable within
a range, but are limited instead to a finite number of predefined
states. Let’s re-examine our examples of analog events and con-
sider what they would be like as digital events. We will limit the
number of discrete output values to two, because there are only
two possible states in the binary logic used in digital electronics.

First, let’s examine the thermometer. If we limit this device in
the way just described, it would have only two temperature out-
put readings, such as 70 degrees F and 80 degrees F. The scale
would appear as in Figure 7.2. This thermometer would be
quite useless to us, because temperature as an analog event can-
not be measured on a digital scale. It would be a strange world
indeed if there were only two possible values for temperature.

Now let’s examine hunger as if it were a digital event, limited
to two possible output values: full or hungry. You may not think
this is so bad, but imagine how you would feel if one second
you were “stuffed,” and the next you were “famished.” Now
imagine if this happens all day long. Fortunately, hunger is an
analog event that varies in imperceptible stages.

We can also illustrate the difference between digital and ana-
log phenomena by comparing a staircase and a ramp. The stair-
case represents digital phenomena, and the ramp represents
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Figure 7.2: This is a thermometer with a binary scale. The temperature reading can only be 70
degrees F or 80 degrees F

analog. On a staircase, we must ascend or descend by fixed,
predefined steps. On a ramp we can move any amount we
desire. The more steps there are in a given distance, the smaller
the steps we proceed by, and the more accurately we can move
to a particular level. If there were an infinite number of stairs in
the staircase, we would have an analog event. We will use this
analogy again in Chapter 9 (see Figure 9.7).

7.3 Common Digital Events

Although most events in the real world are analog, there are
some common digital events. One common digital event occurs
when you turn a light on and off. The light output only has two
possible values: completely on or completely off. (Of course, if
you have dimmer switches installed in your home, the light out-
put will vary, because you are using an analog device called
a rheostat.)
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A home furnace fan in a forced-air heating system is also a
digital event. The fan is either on—running at a fixed, constant
RPM—or off—not spinning at all. With a thermostat (another
analog device), we can vary the temperature at which the fan
will turn on. However, it always will run at the same speed.

Another digital, binary device is the ON-OFF switch used in
television sets and home computers. The switch has only two
positions, on or off. Television tuners and fans with more than
one speed are digital, but not binary. There is a finite number of
possible states, but more than two.

7.4 Analog and Digital Electronics

Now that we have discussed the difference between analog
and digital events using everyday examples, let’s look at what
these terms mean in relation to electronics and our Commodore
64. In electronics, analog and digital refer to electrical quanti-
ties, such as resistance, current, and voltage. For example, the
output of a car battery is an analog voltage. A battery rated at 12
volts may actually produce 12.02 V, 12.10 V, 11.90 V, 12.60 V, or
any value near 12 volts. As the battery ages, the voltage output
may drop to 11.90 V, 10.88 V, or 10.73 V. To be digital, the volt-
age output of the battery would have to have a finite number
of possible values. A battery would have to produce exactly
12.00 V, 12.50 V, or 12.75 V. A battery is an analog device
because it does not meet these conditions.

Home computers are called digital because there are a finite
number of possible voltage levels for the electrical information
being processed within the system. When discussing input and
output in Chapter 2 and 3, we saw there were only two possible
voltage levels in the system. All digital circuits used in com-
puters have this characteristic, but they may not use the same
actual voltage levels to process information. You can use a
power supply (battery) of different voltages to run the digital
system, but the digital circuits will output and input data only at
two different voltages, as shown in Figure 7.3.

Remember that, in a digital electronic circuit, the two possible
output levels are logical 1 and logical 0, and that digital circuits
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Voltage higher than logical 1or 0
level required to power the digital

+10v circuit.
LOGICAL
LOGICALO INPUT OGOE 0
OR : DIGITAL LOGICAL 1 OUTPUT
LOGICAL 1 CIRCUIT

Figure 7.3: This block diagram shows that non-logical-level voltages may be required to power
the digital circuits. However, the digital circuit will only process input and output at the logical 0 or
logical 1 voltage levels.

are designed to follow the logic of the binary number system,
which has only two digits, 0 and 1. Recall also that we normally
work in the decimal number system, which has ten digits, 0-9.
Home and personal computers are digital, binary machines that
will operate on digital information only. Since most events that
occur in nature are analog, there is a conflict if we wish to con-
trol them with a digital computer, as shown in Figure 7.4.
Understanding the difference between analog and digital events
will help you learn to resolve any incompatibility more easily.

7.5 Transducers

In later chapters, we will discuss how to bridge the gap be-
tween everyday analog events and the digital electronics used to
control them. Before we explore this problem, we must explain
another piece of the puzzle: the transducer.

We mentioned the transducer in Chapters 1 and 5 as a device
that changes one form of energy to another. We discuss it here
in the context of analog-to-digital conversion, or ADC.

Remember that many of the events we wish to control are
analog and can be measured anywhere on a continuous scale of
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values. However, these values represent different physical char-
acteristics. For example, temperature scales measure heat, a
physical form of energy. Pressure is another form of energy that
we sometimes will monitor with the digital computer. Remember
that both pressure and temperature are analog events, because
there is an infinite number of pressure outputs and temperature
readings.

We must transform the various physical forms of energy into
some electrical quantity that we can use in an electronic envi-
ronment: voltage, current, resistance, capacitance, or induc-
tance. After we change physical energy into electricity, we must
further process it using electronic techniques. At this point, we
are ready to input the form into a digital computer. The block
diagram of Figure 7.5 shows the entire process.

The device that transforms a physical quantity into an electri-
cal quantity is called a transducer. Transducers are classified
according to the physical form of energy that they transform.
For example, a pressure transducer transforms pressure into an
electrical form, and a temperature transducer will transform
temperature into an electrical quantity. However, you will find
that the qualifying term—"*pressure” or “temperature”—often is
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DIGITAL
COMPUTER

ANALOG
EVENT: HEAT

Figure 7.5: The flow of information in the monitoring system is from the analog event, heat, to
the physical transducer. The transducer will transform the temperature output into its electrical
equivalent. The electrical signal can then be processed electronically and, finally, input to the digi-
tal computer.

omitted in the literature and you must infer the type of trans-
ducer from the surrounding text.

7.6 Summary

In this chapter, we first have defined analog and digital, illus-
trating them with common events that occur in the world. We
applied these concepts to electronics, and discussed digital and
analog electrical quantities. Finally, we discussed what a trans-
ducer is, and how it fits into a computer-controlled environment.

When we design or use a computer-controlled system, we will
need to know if the information output by each external device
we want to control is analog or digital. If it is analog, we will
need some way to convert it to digital. In the following chapter,
we will discuss analog-to-digital conversion and how to input a
physical quantity—temperature—by using a transducer to the
Commodore 64.









ANALOG-TO-DIGITAL
CONVERSION FOR THE
COMMODORE 64

In this chapter, we will show how to use the
Commodore 64 to monitor any external instru-
ment, which outputs an analog voltage. We
have designed the chapter to introduce begin-
ners to the basic principles of analog-to-digital
conversion. We will begin with a block dia-
gram of the overall concept and then discuss
how an analog-to-digital converter operates.
Next, we will discuss the steps we will take
when designing a complete system for moni-
toring temperature. After reading this chapter,
you should have a clear understanding of how
to monitor devices with a digital computer
such as your Commodore 64.
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8.1 Block Diagram of the Problem

We will start by showing a block diagram of the overall con-
cept that we must use when monitoring an external device that
gives analog output. In Figure 8.1, there are three major blocks
shown:

1. Block 1 is the digital monitoring device, which will be
our Commodore 64.

2. Block 2 transforms the analog voltage output from the
external device into an equivalent digital word.

3. Block 3 is the external device itself, which is a type of
transducer. It will output a voltage whose amplitude
depends on the physical event being monitored.

In the last chapter, we defined an analog event as one that can
be measured at an infinite number of possible output levels
(within a given range). For example, pressure can have any value
between a few pounds per square inch (psi) to many hundreds of
psi. If we want to monitor an analog event with a digital com-
puter, we need a transducer capable of accurately reporting the
analog changes. If the pressure we are measuring increases or
decreases, the voltage output from the pressure transducer must
increase or decrease in the same proportion. (See Figure 8.2))
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Let’s compare an analog transducer to a digital transducer,
which is like the switches we used for the home security system
in Chapter 5. These transducers indicated whether the windows
and doors were open or closed. Although a window or door
may have been wide open or just cracked open, our transducer
did not indicate the degree to which it was open. We were
monitoring a digital event, and we only cared if the door or
window was open or closed.

In this chapter, we will work with analog output transducers.
This means that the transducer’s output will vary in voltage
anywhere from a low voltage, 0.0 volts, to a high voltage,
approximately 5.0 volts. This voltage range is simply an
example. Typically, the outputs of transducers vary from any

PRESSURE
PRESSURE TRANSDUCER ANALOG OUTPUT *
INPUT - 10 psi VOLTAGE - 15
@
PRESSURE
PRESSURE TRANSDUCER ANALOG OUTPUT *
INPUT - 10.2 psi VOLTAGE - 1.8
(©)
PRESSURE
PRESSURE TRANSDUCER ANALOG OUTPUT
INPUT - 9.4 psi VOLTAGE - 11

©

Figure 8.2 (ab,c) Each of these block diagrams shows the analog voltage output from a given pressure
input. Note that as the pressure changes at the input of the transducer, the analog voltage must change
in proportion.
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negative voltage to any positive voltage and depend on the type
of transducer used. We will present an actual, practical example
later in this chapter.

Let’s assume here that an analog transducer will output a
certain range of voltage. This analog voltage will be input to
the block labeled *“analog-to-digital converter” in Figure 8.1. The
digital output of the analog-to-digital converter is then input to
the Commodore 64 block.

The Commodore 64 will input digital information being
output from the analog-to-digital converter. As we will see, this
digital information equals the analog voltage that is input to
the analog-to-digital converter.

8.2 The Analog-to-Digital Converter (ADC)

Let’s now define the term analog-to-digital conversion, and dis-
cuss how we will use it. Generally, analog-to-digital conversion
transforms (or converts) an analog input voltage into a digital
output word. An analog-to-digital converter (ADC) must perform
this function before a computer can input the voltage.

The rest of this section will explain how a typical ADC oper-
ates. After this discussion, we will present some examples of
how the ADC device operates in a digital-system environment.

We will begin by looking at Figure 8.3, a block diagram of a
typical ADC, that shows general ADC inputs and outputs. Let’s
concentrate on the function of each input and output, beginning
with the power outputs. The ADC consists of electronic circuits,
which require Direct Current (DC) power. The power input
lines are at the top of Figure 8.3. Typical power connections
will be +12 or 15 volts, +5 volts, and ground.

The +12-to-15-volt DC supplies power some internal circuits
located inside the ADC package, such as operational amplifiers
and voltage comparators. A +5-volt supply usually powers the
digital electronics inside the ADC package. The manufacturer’s
data sheets for a particular ADC will specify the DC power
required for proper electrical operation.

Figure 8.3 also shows the input line labeled “Analog Input
Voltage.” The ADC transforms analog voltage into its equivalent
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digital word. ADCs have specific ranges of analog voltages they
can accept as input. Typical ranges are 0to +5volts, - 5to +5
volts, -10 to +10 volts, and 0 to +10 volts. These are just a few
of the many ranges that are available. The manufacturer’s data
sheet will give exact specifications for the analog input voltage
range of a particular ADC.

Some of the input voltage ranges listed are positive (+) and
negative (- ), while some are only positive. If the input voltage
range is from positive to negative, the ADC is bipolar, meaning
that it has two electrical poles. If the input range is from zero to
a positive value, the ADC is unipolar, meaning that it has only
one pole. The ADC we will use later is unipolar.

We will examine the digital output lines of Figure 8.3 next.
The number of digital output lines on an ADC will vary. Typi-
cal numbers are 6, 8, 10, 12, and 16. In general, the greater the
number of output lines, the greater the cost of the ADC.

v+ Vv

ANALOG
INPUT DIGITAL

ANALOG-

OUTPUTS
VOLTAGE TO-DIGITAL
CONVERTER
START CONVERSION END CONVERSION
DIGITAL
CONTROL
LINES

Figure 8.3: This is a block diagram of a typical analog-to-digital converter.
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The digital output lines are set to a logical 1 or a logical 0, as
determined by the analog input voltage. Later we will show you
how to calculate which digital outputs are a logical 1 and which
are a logical 0. For now, think of the digital output lines as
the physical connections to the digital monitoring system, the
Commodore 64.

In Figure 8.3, we see two digital control lines, labeled “Start
Conversion” and “End Conversion.” The Start-Conversion in-
put line is a digital signal from the Commodore 64 to the ADC
to start converting the analog input to a digital output word.

When the Commodore 64 is ready to accept the digital output
word from the ADC, it asserts the Start-Conversion line to the
ADC, by setting the input signal to the logical state that will
start the action. Since the logical state could be a 1 or a 0, we
use the term “assert” as a generalization.

The End-Conversion output line informs the digital monitoring
device that an analog-to-digital conversion is complete. The ADC
itself is a small electronic system that can quickly adjust the digi-
tal outputs to new values based on the analog input voltage. The
exact time required varies from ADC to ADC. Typical times are
between 10 and 200 microseconds, or 0.000010 and 0.000200
seconds.

When the Commodore 64 requests an analog-to-digital conver-
sion, it must monitor the End-Conversion output line during the
conversion. This monitoring will tell it when the conversion is
complete. Figure 8.4 shows a flowchart of how the computer
must communicate with the ADC.

In Figure 8.4, the analog-to-digital conversion begins when
the Commodore 64 asserts the Start-Conversion input line to
the ADC. After we connect the hardware, we will accomplish
this step using software. Once the conversion begins, the Com-
modore 64 will monitor the End-Conversion line. When conver-
sion is completed, the Commodore 64 will input the digital
output lines of the ADC.

We will not discuss how the ADC internally performs the
analog-to-digital conversion because that topic is beyond the
scope of this text. We present the ADC as a “black box” and
show how to make it perform its prescribed function. All of the
electronics in the ADC you will use are usually out of the user’s
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reach. Understanding the ADC inputs and outputs is our first
step toward using the ADC with a Commodore 64.

8.3 Calculating the
Digital Outputs of the ADC

In this section, we will discuss how to determine the relation-
ship between the logical conditions of the digital outputs and
the voltage levels of the analog input. We will use a unipolar
ADC with a voltage input range of 0.0 volts to +10.0 volts.
There will be eight digital-output lines. Figure 8.3 gave a block
diagram of this type of device.
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We will label the digital outputs DO-D7, and will assign the
same numerical weights that we gave to bit positions in data
bytes for other examples. Figure 8.5 gives a table of the digital
output lines and their corresponding weights.

The minimum weight at the digital outputs will occur when
all outputs equal a logical 0, and the maximum weight will
occur when all are a logical 1. The minimum and maximum
weights are 0 and 255, respectively.

The minimum voltage input to the ADC is 0.0volts. The
maximum input voltage is +10.0 volts. If we relate theminimum
and maximum input voltage to the minimum and maximum
digital-output weights, we have:

0.0 volts input
+10.0 volts input = weight 255 output

weight 0 output

All input voltage between 0 and +10 volts will have a corres-
ponding digital weight between 0 and 255.

There are 256 different weights available for the input volt-
ages, because there are eight digital outputs. The number of
different weights available (W) with a particular ADC equals 2
raised to the power of the number of digital output lines (L):

W=2L

Digital
Output Line Weight
DO 1
D1 2
D2 4
D3 8
D4 16
D5 32
D6 64
D7 128

Figure 8.5: The output lines of the ADC have the same numerical weights as the Commodore
64 data bus lines.
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In our case, we had eight digital output lines, so the number
of digital weights equaled 28, or 256. If we used an ADC with
10 digital output lines, the number of digital weights would be
210 or 1024.

Since we know how many unique digital weights are available,
we can divide that range into equal increments. Each increment
is called the resolution of the ADC. In our example, we have 255
available digital weights. (One weight must be subtracted
because of the 0 at the start.) Therefore, we can divide the range
between 0 and +10 volts into 255 equal pieces by the following
equation:

voltage rang
------ o = 0.03921569

We can use this information to generate a list of input voltages
and their corresponding digital output weights, which is shown
in Figure 8.6.

In Figure 8.6, the equivalent input voltage increases by dis-
crete steps of approximately 0.04 volts. For example, suppose
an input voltage to the ADC equals 1.50 volts. However, there is
no digital output weight exactly equal to 1.50 volts. From the list
of Figure 8.6, we must choose a weight that yields a voltage
closest to 1.50 volts: either 1.49 volts (a weight of 38) or 1.53
volts (a weight of 39). Since the output weight for 1.50 volts is
closest to 38, we can use that number.

For analog voltages between 0.00 and +10.00 volts, we must
remember that our ADC gives digital values with an error mar-
gin of approximately +0.04 volts. This margin depends on the
number of digital output lines and the analog voltage input
range. If +0.04 volts is too great a range, then we must choose a
different ADC with more digital output lines.

When using the ADC, it would be much easier if we could
calculate the voltage based on the digital output word, instead
of looking up the voltage each time a conversion took place. We
can use the following equation for these calculations: the analog
voltage equals the digital output weight multiplied by the resolu-
tion of the ADC.

analog voltage = digital weight x (10/255)
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Digital Weights and Voltages

D \Y D \% D \ D \% D \%
0.00 1 0.04 2 0.08 3 0.12 4 0.16
5 0.20 6 0.24 7 0.27 8 0.31 9 0.35
10 0.39 i} 0.43 12 0.47 13 0.51 14 0.55
15 0.59 16 0.63 17 0.67 18 0.71 19 0.75
20 0.78 21 0.82 22 0.86 23 0.90 24 0.94
25 0.98 26 1.02 27 1.06 28 1.10 29 1.14
30 1.18 31 1.22 32 1.25 33 1.29 34 1.33
35 1.37 36 141 37 1.45 38 1.49 39 1.53
40 157 41 1.61 42 1.65 43 1.69 44 1.73
45 1.76 46 1.80 47 1.84 48 1.88 49 1.92
50 1.96 51 2.00 52 2.04 53 2.08 54 2.12
55 2.16 56 2.20 57 2.24 58 2.27 59 231
60 2.35 61 2.39 62 2.43 63 2.47 64 2.51
65 2.55 66 2.59 67 2.63 68 2.67 69 2.71
70 2.75 71 2.78 72 2.82 73 2.86 74 2.90
75 2.94 76 2.98 77 3.02 78 3.06 79 3.10
80 3.14 81 3.18 82 3.22 83 3.25 84 3.29
85 3.33 86 3.37 87 341 88 3.45 89 3.49
90 3.53 91 3.57 92 3.61 93 3.65 94 3.69
95 3.73 96 3.76 97 3.80 98 3.84 99 3.88
100 391 101 3.96 102 4.00 103 4.04 104 4.08
105 4.12 106 4.16 107 4.20 108 4.24 109 4.27
110 431 111 4.35 112 4.39 113 4.43 114 4.47
115 4.51 116 4.55 117 4.59 118 4.63 119 4.67
120 471 121 4.75 122 4.78 123 4.82 124 4.86
125 4.90 126 4.94 127 4.98 128 5.02 129 5.06
130 5.10 131 5.14 132 5.18 133 5.22 134 5.25
135 5.29 136 5.33 137 5.37 138 541 139 5.45
140 5.49 141 5.53 142 5.57 143 5.61 144 5.65
145 5.69 146 5.73 147 5.76 148 5.80 149 5.84
150 5.88 151 5.92 152 5.96 153 6.00 154 6.04
155 6.08 156 6.12 157 6.16 158 6.20 159 6.24
160 6.27 161 6.31 162 6.35 163 6.39 164 6.43
165 6.47 166 6.51 167 6.55 168 6.59 169 6.63
170 6.67 171 6.71 172 6.75 173 6.78 174 6.82
175 6.86 176 6.90 177 6.94 178 6.98 179 7.02
180 7.06 181 7.10 182 7.14 183 7.18 184 7.22
185 7.25 186 7.29 187 7.33 188 7.37 189 7.41
190 7.45 191 7.49 192 7.53 193 7.57 194 7.61
195 7.65 196 7.69 197 7.73 198 7.76 199 7.80

D - DIGITAL WEIGHT
V - VOLTAGE

Figure 8.6: This is a list of digital output weights and the corresponding analog input voltages they represent.
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Digital Weights and Voltages

D \% D \Y D \ D \% D \Y
200 7.84 201 7.88 202 7.92 203 7.96 204 8.00
205 8.04 206 8.08 207 8.12 208 8.16 209 8.20
210 8.24 211 8.27 212 8.31 213 8.35 214 8.39
215 8.43 216 8.47 217 8.51 218 8.55 219 8.59
220 8.63 221 8.67 222 8.71 223 8.75 224 8.78
225 8.82 226 8.86 227 8.90 228 8.94 229 8.98
230 9.02 231 9.06 232 9.10 233 9.14 234 9.18
235 9.22 236 9.25 237 9.29 238 9.33 239 9.37
240 9.41 241 9.45 242 9.49 243 9.53 244 9.57
245 9.61 246 9.65 247 9.69 248 9.73 249 9.76
250 9.80 251 9.84 252 9.88 253 9.92 254 9.96
255 10.00

D - DIGITAL WEIGHT
V - VOLTAGE

Figure 8.6 (continued)

For example, suppose the weight read from the ADC was 125.
This would equal an input voltage of:

125 x (10/255) = 4.9 volts

Remember that this voltage actually may be slightly less than
4.94 volts or equal to 4.9 volts, because of the resolution of
the ADC.

In its present form, our equation depends on the input voltage
range and the number of digital output lines on the ADC. We
must modify these values for the equation to fit a particular
application.

8.4 Connecting the ADC to the
Commodore 64

Figure 8.7 shows a complete schematic for connecting an
actual ADC—Analog Devices’ model AD570™—to the Commo-
dore 64. Our discussion is for readers who want to know how
the hardware of the interface operates. The AD570 is very similar
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in its operating characteristics to the general example in Figure
8.3. Appendix C includes a data sheet for this device.

The analog-to-digital converter is labeled IC6 in Figure 8.7.
The device is powered by +12-volt, - 5-volt, and ground lines.
These power supply voltages must be input from an external
source since the Commodore 64 only outputs +5 volts on the
expansion connector. The ground of the external power supply
will be connected to the ground line of the Commodore 64.

On the right side of the ADC (ICe) is the analog input voltage
that we need to convert. This is the voltage input from an exter-
nal source, between 0 and 10 volts. The digital outputs of the
ADC are input to a tri-state buffer, a 74LS244, labeled IC7. We
discussed this type of buffer in Chapters 4 and 5.

The outputs of the buffer (IC7) are connected directly to the
Commodore 64 data bus lines, DO-D7. When the computer uses
the PEEK statement to read the data at the ADC outputs, the
buffer will become enabled.

To start the analog-to-digital conversion, input pin 11 of IC6
must be set to a logical 1, then reset to a logical 0. This is the
Start-Conversion input signal for this particular ADC. Resetting
input pin 11 to a logical O starts the analog-to-digital conversion.
This is shown by the waveform symbol next to the signal line to
input pin 11

Input pin 11 of the ADC is connected to output pin Q of a
74LS74 D flip-flop, 1C4. This flip-flop acts as a single-bit latch.
The data input to the flip-flop is connected to the DO data line.
Whenever you wish to set the Q output to a logical 1, the DO
line will go to a logical 1, while the flip-flop will be clocked.

We can perform all the necessary steps to start the conversion
by using the POKE statement in BASIC. When we wish to set
the Q output of the flip-flop to a logical 1, our POKE statement
uses the weight of DO. For example, the following statement:

POKE address,1
will set the Q output of the D flip-flop to a logical 1 and

POKE address,0

will set the Q output of the D flip-flop to a logical 0. We now can
control an individual hardware line through a software instruc-
tion: specifically, we can set input pin 11 of IC6 to a logical 1 or
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a logical 0, using software control. Later we will discuss how to
compute the address of the two POKE statements.

To know when the analog-to-digital conversion is complete,
the Commodore 64 monitors output pin 17 of 1C6. This pin is
the End-Conversion signal for the ADC. In Figure 8.7, output
pin 17 of IC6 is connected to input pin 2 of IC5, a 74LS125 tri-
state buffer. Appendix C gives the data sheet for the 74LS125.
Pin 17 of the ADC will be a logical 0 when the analog-to-digital
conversion is complete. At all other times, it will be a logical 1.

When the Commodore 64 executes a PEEK statement to the
correct address, the 74LS125 will be enabled. This will enable
the logical state of output pin 17 of 1C6 onto the Commodore 64
data bus. The computer will then input the logical level into a
BASIC program. The function of the 74LS125 is similar to that
of the 74L.S244.

We can use PEEK or POKE statements to monitor the End-
Conversion signal and to logically set input pin 11 of IC6. A
major part of both statements is the address. We will now dis-
cuss how to relate the address of the PEEK or POKE statement
to the schematic diagram given in Figure 8.7.

To read the data from the ADC, we must enable the outputs of
IC7 of Figure 8.7. This means pins 1 and 19 of IC7 must be held
at a logical 0. These pins are connected to output pin 6 of I1C2.
Output pin 6 will be a logical 0 when the 1/01 line and pin 6 of
ICI are a logical 0. Pin 6 of ICI will be a logical 0 when the R/W
line, BA, and address line A2 are a logical 1. Therefore, the logi-
cal conditions that will enable IC7 pins 1 and 19 are:

1/01 = logical O

R/W = logical 1 (PEEK)
BA = logical 1

A2 = logical 1 (/01 + 4)

The 1/0 circuit has a PEEK address equal to 56832 decimal. The
PEEK statement we will use to read the data from the ADC
will be:

A = PEEK (56832 +4)

To read the logical conditions of output pin 17 of 1Ce, address
line Al (instead of address line A2) must be a logical 1. Our
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PEEK statement to read this line will be:
A = PEEK (56832 +2)

The last signal we must control is the Q output of the D flip-
flop, 1C4. To write a logical 1 or a logical 0 to the D flip-flop, we
use a POKE statement. If we follow the clock (C) input line from
the D flip-flop, we can see that it is connected to output pin 8 of
IC2. Whenever pin 8 of 1C2 goes from a logical 0 to a logical 1,
the information at the D input of the flip-flop will be latched at
the Q output.

Address decoding of the clock line for the flip-flop is shown
in the lower right section of Figure 8.7. 1C2 pin 9 will become a
logical 0 when Al, BA, and the Phase 2 clock are equal to a logi-
cal 1. Pin 10 of 1C2 will be a logical 0 when 1/Ol and R/W are
both equal to a logical 0. These inputs will set pin 8 of IC2 to a
logical 0. Remember that pin 8 is connected to the clock input
of the D flip-flop.

All of the preceding conditions will be true when we use the
following POKE statement:

POKE 56832+ 2,data

The data will be a 1 if we wish to set the Q output to a logical 1,
and a 0 if we wish to set it to a logical 0.

8.5 Software for
Analog-to-Digital Conversion

Now that we have the ADC connected to the Commodore 64,
let’s look at the BASIC program we’ll need to input a digital
value from the ADC. Figure 8.8 shows a flowchart for the steps
of this program. For our discussion, we assume that the ADC
I/O device is located at address 56832 in the Commodore 64.
Let’s look at each step:

Step 1. Our first step is to write a logical 1 to the flip-flop on
the ADC 1/0O circuit. We can use a POKE statement that will set
address line Al equal to a logical 1

POKE 56832 + 2,1
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Adding 2 to the 1/0 address will set address line Al to a logical 1.

Step 2. Here, we reset the Q output of the flip-flop to a logical
0. We can use the same POKE statement as in step 1, except
that the data is now a 0 instead of a 1:

POKE 56832 +2,0

The analog-to-digital conversion has now started.

Step 3. We must now read the logical level of pin 17 of IC6 to
determine if the conversion is complete. We can do this if we
use the following PEEK statement:

R1 = PEEK(56832 +2)
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When we read RI, its weight will be the total of all of the data
lines, DO-D7. However, as we see in Figure 8.7, we are physi-
cally controlling the logical level of only one input line during
execution of the PEEK statement. The other input lines are
either a logical 1 or a logical 0, and may not show the same
value during each PEEK statement. The actual logical level
depends on many factors, most of which are out of our control.

Therefore, we want to logically ignore data lines DO-D6 dur-
ing the PEEK statement. Although we could do this with hard-
ware, it is much easier to do with software. In the system
software, we can ignore data lines Do-D6 by testing for a value
greater than 127. (If RI is at least 128, we know that D7 must
have been a logical 1.) We can use the statement:

IFR1 >127 THEN GOTO (lire number of PEEK statement

above)
After this statement is executed, the value of Rl will be greater
than 127 if D7 equals 1, or less than 127 if D7 equals 0. Let’s
examine why this happens. When the computer used a PEEK
statement to read RI, the computer had eight data input lines.
However, only one line, D7, is important. The input data will
logically appear as either:

D7 D6 D5 D4 D3 D2 DL DO
1 X X X X X X X

D7 D6 D5 D4 D3 D2 D1 DO
o0 X X X X X X X

In these two cases, D7 was either a logical 1
marked the other data lines with an X, because we do not care
what each logical state is at this time. However, the logical state
of each line will affect the overall computed weight of the in-
put byte.

By testing whether RI is greater than 127 or not, we can
ignore all data lines DO-D6. If they were all a logical 1 and D7
was a logical 0, Rl would equal 127. Therefore, it will not mat-
ter if lines DO-D6 are a logical 1 for this test. If Rl is a 1, then
the analog-to-digital conversion is incomplete and the program
must loop until it is complete.
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Step 4. If the conversion is complete, the value of RI will be
less than 127. The computer can now read the digital outputs of
the ADC, if we use the following statement:

V1 = PEEK (56832 +4)

The variable VI will stand for the combined weight of the input
data lines.

Step 5. Our last step is to compute the analog voltage that was
input. We can do this by multiplying the weight of VI by the
constant (10/255) which is a procedure we discussed earlier.
Our statements are:

V2 =V1 *(10/255)
PRINT "WEIGHT = ";V1VOLTAGE = ";V2

Figure 8.9 shows all of the steps of the BASIC program
together. (We assume that the starting line number for this rou-
tine is 100.) We used the RETURN statement in line 170 on the
assumption that all statements 100-170 would be in a BASIC
subroutine. This gives us access to the ADC at any time during a
program by executing a GOSUB 100 statement.

8.6 A System for
Temperature Measurement

Let’s suppose that we had a transducer that produces an ana-
log voltage proportional to the temperature we are measuring.

100 POKE 6834,1

110 POKE 56834,0

120 RL = PEEK (568%)

130 IFRL = 1THEN 120

140 V1 = PEEK (568%)

150 V2 = V1 * (10/Z6)

160 PRINT “WEIGHT = ";VI;*VOLTAGE = ";\2
170 RETURN

Figure 8.9: This BASIC program for an analog-to-digital conversion implements the flowchart
shown in Figure 8.8.
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There are off-the-shelf temperature transducers available that
will operate like this. For our example, our temperature trans-
ducer will measure temperature from 0 to 150 degrees Centi-
grade. The analog output will be from 0 to 3 volts.

We can relate the output voltage to the temperature by this
equation:

Temperature indegrees C = (150/3) x Vatk

We can use this equation to connect the temperature sensor out-
put to the ADC and measure the temperature with the Commo-
dore 64. Figure 8.10 shows the block diagram of the complete
hardware system. (We have already discussed each major block
of Figure 8.10.) This diagram lets us write the complete BASIC
program in Figure 8.11, that will accept the data from the
ADC, and calculate and print out the temperature in degrees
Centigrade.

As with other programs we listed earlier, we designed this
program to instruct you. We did not attempt to minimize the
number of BASIC statements and we documented each step
with REM lines. You can call the subroutine at line 200 when-
ever you need a temperature.

COMMODORE 64

Figure 8.10: This is a block diagram of the complete system required to automatically measure
temperature with the Commodore 64.
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10 GOSUB 200

20 PRINT “TEMPERATURE INDEGREES CENTIGRADE = *;T1
30 STOP

40 REM THE SUBROUTINE FOR TEMPERATURE MEASURING

200 POKE 56834,1

210 POKE 56834,0

215 REM THE ABOVE WILL START THE ADC CONVERSION

220 R1 =PEEK(56834)

230 RL=R1 +1

240 IFRL = 1THEN 220

245 REM THE ABOVE WILLWAIT UNTIL CONVERSION ISCOMPLETE
250 V1 = PEEK(56836)

255 REM THE ABOVE WILL READ THE DIGITAL WE I1GHT

260 V2=Vl * (1/2F)

265 REM THE ABOVE WILL CALCULATE THE VOLTAGE INPUT

270 T1= (150/3)"2

280 RETURN

290 REM THE ABOVE CALCULATES THE TEMP INDEGREES CENT IGRADE

Figure 8.11: This program will accept an input voltage from an ADC, and calculate and print out the corresponding temper-
ature in degrees Centigrade.

8.7 Some Practical ADC Applications

One practical application for monitoring temperature is to
chart a temperature profile of your home. This will help you
determine where heat is escaping. You can begin monitoring by
placing temperature probes around your home and connecting
them to the Commodore 64. You then can program the com-
puter to monitor the temperature for a 24-hour period.

The computer could sample the temperature at 10-minute
intervals and store the results on a disk. At the end of the 24-hour
period, you could program the computer to plot the temperature
against the time of day (or any other meaningful axis). When
you have tested all of the important rooms and areas in your
home, you could then make whatever adjustments are neces-
sary to maintain the temperature you want.
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You could also use a temperature probe to monitor the differ-
ence between the temperature outside your home and the tem-
perature inside. If the inside temperature were cooler than the
outside temperature, you then could program the computer to
use the warmer, outside air to heat up the home instead of using
the furnace.

There are many other practical ADC applications. Some of
them are:

1. Sound detection. You could convert sound into an
analog voltage by using a microphone (another kind
of transducer). If the sound reached a certain level,
you could program the computer to take some action.
This could be part of a security system that detected
the noise of an intruder.

2. Wind direction. You could construct a transducer to
produce an analog voltage directly proportional to
wind direction; for example, 5.00 v=north, 3.75
v=east, 2.50 v=south, and 1.25 v=west. The trans-
ducer would scale all other compass directions
accordingly.

3. A barometer. You could connect a transducer to pro-
duce an analog voltage that would be proportional to
barometric pressure.

4. Moisture measurement. You could use a transducer to
monitor the moisture of the soil to produce an equiva-
lent analog voltage. The computer would determine
when the sprinkler system should be turned on.

These are just a few of the many practical ADC applications
that you can accomplish with your Commodore 64.

8.8 Summary

In this chapter, we focused on how to perform analog-to-
digital conversion using the Commodore 64. Although we
covered almost all aspects of ADC—from concept to connecting
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a converter—we kept the discussion to the user’s level, without
explaining how an ADC operates internally.

We began by explaining the reason for analog-to-digital con-
version and how it is accomplished conceptually. Next, we
connected the AD570, an actual ADC, to the Commodore 64
and showed how to calculate the input voltage based on the
digital word or weight read from the ADC. After we connec-
ted a temperature transducer to the ADC, we presented a com-
plete temperature-monitoring system including the necessary
software.

Our example of inputting a temperature was meant only as a
single illustration of how we can use ADC in computer control,
as you can see by the examples of other applications we gave at
the end of the chapter. Whatever a transducer may measure, all
transducers generate electricity; whenever we need to measure
an analog voltage with a digital computer, we can accomplish it
in almost the same way we described in this chapter.
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A Certain peripheral devices that we can con-
3,290 trol with a home computer require an analog
5700 input voltage in order to operate. (We dis-
cussed what is meant by an analog voltage in
o Chapter 7.) This means we have an interfacing
L problem because a home computer system is
%Y completely digital. We need a means of pro-
R ducing an analog voltage from a digital source

or controller. Such a process is called digital-to-
analog conversion, or DAC. Figure 9.1 shows a
block diagram of this concept.
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A direct-current motor is one type of external device that
might require an analog input voltage. Most DC motors rotate
faster when you apply a higher voltage to the input. Figure 9.2
shows a block diagram of a DC motor with its analog input.

There are many other applications using devices that require
an analog voltage for control. For instance, communication and
recording systems use DAC and ADC at their input and output.
Electronic-music and waveform-generation systems, which are
growing in popularity, also use digital-to-analog conversion. In
short, we need DAC to use digital electronics to control any
device whose output is variable.

This chapter will show how you can control and set an analog
output voltage from a digital source, such as the Commodore 64.
We will first cover the basics of digital-to-analog, then design the
hardware and software necessary for the Commodore 64 to con-
trol an analog output voltage from an output connector. The cir-
cuits shown are inexpensive and available from many suppliers.

Peripheral device
COMMODORE 64 requires an analog

Ivoltage input.

DIGITAL D-TO-A
SOURCE |

|
L. J

Interface will
transform the
digital outputs
from the home
computer into
an equivalent
analog voltage.

Figure 9.1: This block diagram shows the interfacing problem that occurs when a completely
digital source needs to control a peripheral device that requires an analog voltage input. A DAC
will solve this interfacing problem.
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Figure 9.2: This diagram shows a DC motor being controlled by an analog voltage. When the
voltage increases, the motor will increase in speed. This is only one type of peripheral device that
can be controlled by an analog input voltage.

9.1 What is Digital-to-Analog Conversion?

Let’s examine the overall concept of digital-to-analog conver-
sion. The introduction gave a very informal definition that we
will now bring into sharper focus.

Figure 9.3 shows a general block diagram of a digital-to-
analog converter. Block Bl is the electrical interface to the digi-
tal source that will input data to the converter. Our source here
will be the digital output lines from the Commodore 64.

Block B1 will control block B2, the precision scaling network.
The scaling network electrically determines how much of the
reference voltage or current will appear at the converter output.
For example, suppose the reference voltage equals 8.00 volts.
The scaling network is capable of setting the output voltage to
an exact portion of the reference, such as 2.04 volts. The refer-
ence could also be a smaller voltage than the output device
requires, such as 1.50 volts. In this case, the scaling network
would select a portion of the 1.50 volts, which would be ampli-
fied before being output from the DAC.

Digital inputs from the computer will control the scaling net-
work, determining how much of the reference will be applied to
the output. By setting the proper digital information on the
DAC inputs, we could force the DAC output voltage to equal
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4.00 volts, exactly half of the 8.00-volt reference. We cannot give
a general definition of what voltage will be at the output as a
function of the digital inputs, because every digital-to-analog
converter has different specifications.

Let’s look at an example that shows how to set the analog out-
put voltage as a function of the digital inputs. Suppose we have
a DAC that will output 10.00 volts when all digital inputs are a
logical 1;that is, its reference voltage is 10.00 volts. (Remember
that every DAC has a unique set of specifications.) Let’s assume
that the DAC will output 0.00 volts when all digital inputs are a
logical 0. Figure 9.4 shows these two conditions. A DAC with
this type of voltage output specification is called unipolar,
because the output voltage will swing toward one electrical pole
only. In this case, the swing was from 0.00 volts to +10.00 volts.
Unipolar also describes an analog-to-digital converter with the
same voltage characteristics.
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Next we need to know the number of digital inputs that the
DAC has. Our hypothetical converter will have 10 digital inputs.
This means there are 210, or 1024, different input combinations
we can use. (See Figure 9.5.) With this number, we can calcu-
late the minimum voltage swing, which is the increment by
which the voltage will change for each unique digital combina-
tions on the input.

@

DAC

VoUt - 00 VOLTS

DAC

>Vqut- +10.0 VOLTS

Figure 9.4 (a): When all digital inputs to the DAC are a logical 0, the output voltage will equal 0.00
volts.

(b): When all digital inputs to the DAC are a logical 7, the output voltage will equal 10.00 volts. These
are the extreme ranges of this DACs output voltage swing.
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Figure 9.5: With 10 digital inputs to the DAC, there are 1024 different combinations that may be
applied. The number 1024 is derived from raising 2 to the tenth power.

Let’s calculate how much the DAC output voltage will change
when the digital input combination changes by only one least sig-
nificant bit. We can use the following formula:

minimum output voltage change
maximum number of states

Minimum output voltage change =

Before we know what the answer is, we have to calculate each
part. First, we use the equation:

Maximum output voltage change = Wt max - \aut min
We need to define the variables:

vout min = 0.00 volts
\ou max = 10.00 volts

Therefore, we have:

Maximum output voltage change = 10.0 - 0.0
= 10.0

Remember that the maximum number of unique digital combina-
tions with 10 inputs is 1024. Since one of these combinations



DIGITAL-TO-ANALOG CONVERSION FOR THE COMMODORE 64 185

is used to output 0.0 volts, we have actually 1023 states that pro-
duce a voltage.

Let’s substitute what we now know into the original equation:
10.0 volts

1023
0.009775 volts
or approximately 10 millivolts

Minimum voltage swing =

This means the output voltage will change 10 millivolts for each
digital input bit that changes. (See Figure 9.6.) Our DAC is
described technically as a unipolar, 10-bit, voltage DAC. (“Volt-
age” indicates that the output is a voltage and not a current.)

Suppose our hypothetical DAC had 12 inputs instead of 10. If
we use the formulas given, the minimum voltage change at the
output would be equal to:

Minimum voltage change vorts
(4096 - 1)

10
4095

0.0024 volts

Let’s now suppose that this same DAC had only six inputs. The
minimum voltage change at the output pin would be:

10.0 volts
® -9
10.0
63
0.158 volts

Minimum voltage change

For a given output voltage range, notice that the greater the
number of digital inputs, the smaller the minimum voltage
change at the DAC output. (See Figure 9.7.) In general, the
greater the number of digital input lines, the better the output
voltage “resolution,” because the DAC can resolve a smaller
increment of voltage. This means we can come closer to obtain-
ing the “smooth” staircase waveform at the top of Figure 9.7.
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VOLTAGE OUTPUT

DIGITAL WORD INPUT

Figure 9.6: This shows the relationship between the digital input values and the analog output volt-
age for a DAC with 10 inputs and an output voltage swing between 0.00 and + 10.00 volts.
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9.2 An Actual Digital-to-Analog-Converter

To illustrate the points we have covered about digital-to-
analog conversion, let’s examine a real, off-the-shelf DAC.
This DAC is the AD558™, manufactured by Analog Devices. Ap-
pendix C gives a complete data sheet for this device.

Let’s cover the details of the block diagram of the AD558 in
Figure 9.8. The digital input block, labeled DB0-DB7, will con-
nect to the data lines of the Commodore 64. This DAC has built-
in latches that strobe and store the data output from the
Commodore 64 without the use of an external latch. This feature
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CONTROL INPUTS DIGITAL INPUTS

CS CE DBO DB7(MSB)

is very helpful and practical, because it reduces the total number
of necessary parts. This difference is shown in Figure 9.9. We
will show how to connect the data lines to the DAC digital inputs
later in this chapter.

In Figure 9.8, the next block is the control logic. This will pro-
vide the strobe signal to the input storage latches at the correct
time, after the Commodore 64 outputs a strobe pulse to the
control-logic block.

Another important block is the band-gap reference. This is the
internal reference voltage for the DAC. Because the reference
voltage is inside the DAC, we do not have to provide an external
precision reference. This means that we can use standard power
supplies to power the device. Most digital electronic systems
have power supplies for this application. The Commodore 64
does not have a +12-volt supply available at its output connec-
tor. Therefore we must use an external +12-volt supply.

A large block of Figure 9.8 is the 8-bit voltage switching and
D-to-A converter. This block is the scaling network that applies a
part of the reference voltage to the output. The voltage is output
to the outside world from an amplifier, labeled “output amp” in
Figure 9.8. Compare the block diagram of Figure 9.8 to the gene-
ral block diagram in Figure 9.2.
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There are two modes of operation for the AD558. One mode
allows the output voltage to swing between 0.00 and +2.50
volts. The second allows the voltage to swing between 0.00
and +10.24 volts. Figure 9.10 shows how to connect the pins
of the AD558 for an output voltage swing in each mode. The
+10.24-volt mode requires the Vcc input voltage pin to have a
potential between +11.40 and +16.50 volts. The +2.56-volt
mode requires a minimum potential of +4.60 volts.

AD558 DAC
(@) DATA from
the Commodore 64 I\
STROBE INPUT
EXTERNAL
8-bit LATCH

DAC

(b) DATA from
the Commodore 64

STROBE INPUT

Figure 9.9(a): The AD558 will connect directly to the Commodore 64 data lines. There is an
internal 8-bit storage latch on the device.

(b): Other DACs may require an external storage latch to capture the logical state of the Commo-
dore 64 data lines at exactly the correct instant in time.
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tve >t 4.50V

Vqut - 0to +2.56V

Vqut * Oto +10.24V

Figure g.io(a): This is the wiring diagram for using the AD558 with a maximum output voltage
of +2.56 volts.

(b): This is the wiring diagram for using the AD558 with a maximum output voltage of +10.24
volts.

9.3 Connecting
the DAC to the Commodore 64
Let’s now discuss how to connect the AD558 to the Commo-

dore 64 1/0 expansion slot for automatic control. You can apply
the information presented to connecting the Commodore 64 to
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other DACs as well. Figure 9.11 shows the complete schematic
diagram for connecting the AD558 to a Commodore 64.

In Figure 9.11, data lines DO-D7 are connected directly to the
data input pins of the device, because the AD558’s built-in 8-bit
latch will store the logical conditions of the data lines at the cor-
rect time. Other DACs may not have this feature. DACs without
built-in storage latches require an external 8-bit latch, as shown

in Figure 9.12.
-12v
+ 12V
EXTERNAL POWER SUPPLY
11
(» Do 16
3 DI 2
D2 3
@ 15
D3
From the ® 4 Vout - 0.0to 10.24V
Commodore 64
(6) D4 5 AD558
(7 D5 6
D6
® 7 13
0) D7 8
10 CS 12
9
CE
(1) A GND
22) 2
74L.S00
BA \V4
PHASE 2
RIW
74L.S32
1/01 5
74L.S32

Figure 9.11: This is the schematic diagram for connecting the AD558 to the Commodore 64 through the 1/0 expansion slot.
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We will use a POKE statement to strobe the data into the DAC
circuit shown in Figure 9.11 or 9.12. (Remember that we
described the use of the POKE statement in Chapter 2, and the
timing considerations for latching the data in Chapter 4.) When
the Commodore 64 executes the POKE statement, the data will
be placed at the AD558 data inputs through the data lines.

23,

(21)

(20)

(19)

(18)

17)

(16)

(15)

@)

@ A

(22) z
Phase 2
or

Riw 741532

D1

D2

D3

D4

D5

D6

D7

GND

+5

13

14

17

18

74LS374

IC1

15

16

10

LDO

LD1

LD2

LD3

LD4

LD5

LD6

LD7

LATCHED
DATA
to DAC

Figure 9.12: This schematic diagram shows how to connect an external latch to the Commo-
dore 64 for use with a DAC that, unlike the AD558, does not have an internal storage latch.
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At this time, the 1/0Ol, Phase 2, and the R/W control lines will
go to a logical 0, and the BA line will be a logical 1. When this
occurs, the CS input pin 10 of the AD558 will be set to a logical
0. After the POKE statement is complete, the CS input line will
be set to a logical 1, because the R/W, 1/Ol, and Phase 2 lines
will go back to a logical 1. We discussed the operation of these
lines in Chapter 4.

When the CS input line goes to a logical 1, the data at the
input pins are strobed into the internal 8-bit latch. The output
voltage at pin 16 depends on the POKE data written to the
DAC. By using the POKE statement and the circuit shown in
Figure 9.11, we can set any digital input combination between 0
and 255 at the DAC input pins. Now we need to know how to
calculate what data to write to set any voltage at the DAC output.

9.4 Setting any Output Voltage on the DAC

We will assume that the Commodore 64 system can control
the digital inputs to the DAC, as we discussed in Section 9.3,
and that we connected the DAC to the system, as shown
in Figure 9.11. Using these assumptions, let’s discuss how we
can calculate the necessary digital byte to set the correct voltage
output.

In section 9.1, we discussed how to calculate the minimum
voltage change that will occur at the output of the DAC, assum-
ing there were 10 digital inputs. However, the AD558 has only 8
inputs. Therefore, we must modify the equations of section 9.1
to handle the differences in the two examples. We could inter-
face a 10-bit DAC to the computer, but we would need addi-
tional hardware because the data bus can only handle 8 bits
at a time. Although we can use DACs or ADCs handling
any number of bits with the Commodore 64, we have used
8-bit DACs and ADCs here because they interface directly to
an 8-bit data bus.

Suppose we wish the DAC’s output voltage to equal +4.80
volts. We will program the computer to output a certain com-
bination of logical Is and 0s to obtain the correct DAC output
voltage. The digital output byte in this case would equal 120.
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Let’s cover the necessary steps for this calculation. We will use
the AD558 DAC in our example, although you can modify the
equation to fit any DAC.

We must first calculate the minimum voltage change at the
DAC output, by using the procedure outlined in Section 9.1 and
the appropriate specifications for the AD558.

maximum output voltage chang_e
(maximum number of states) - 1

Minimum output voltage swing -

The maximum voltage swing on the AD558 will equal 10.24
volts. Because there are eight digital inputs to the AD558, there
are a total of 256 different input combinations. One of these
combinations is used to set the DAC to its lowest value, so we
use 255 (256-1) combinations to generate the output voltage
swing.

Minimum output voltage swing 1Q24

255
0.040 volts (40 millivolts)

This means that if the digital input word to the DAC were
.00000001, the output voltage would be 40 millivolts.

Given the digital input word, we can calculate the DAC out-
put voltage with this equation:

vou. = (digital input word) x 0.040 volts

Suppose we have a digital input word equal to 65. We calculate
the output voltage as 65 x 0.040 = 2.60 volts.

However, if we are given a voltage, what digital input word is
required by the DAC? To calculate this, we use the relationship
between the voltage desired and the known voltage output
change for each digital input change. The analog output voltage
for the DAC will change 0.040 volts for each digital count.
Therefore, if we divide the voltage needed at the DAC output by
0.040, the result is the digital value needed to produce the out-
put voltage.

For example, let’s suppose that we wished the DAC output
voltage to equal 8.00 volts. To calculate the digital input word,
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we set up the relationship:

Digital| word = ——--—--m-to-

In our example, the equation would be:

Digital word = *
0.040

- 200

If we input the digital weight of 200 to the DAC data input
lines, the DAC output voltage will equal 8.00 volts. This calcula-
tion is easy to do with the Commodore 64. In the next section,
we will present a program to perform this calculation.

Let’s suppose that we wanted the DAC to output a voltage
equal to 5.25 volts. To calculate the digital word, we would use
the equation:

N

0.040
131.25

Digital word

Notice that the digital word is a real number, not an integer.
(Remember that a real number has digits after the decimal point
that do not equal zero.) However, to control the DAC with the
Commodore 64, we must output digital words as integers such
as 1, 2, or 234, or else we cannot obtain the exact voltage we
require at the output of the DAC. We must decide whether we
wish the output voltage to be a little larger than 5.25 or a little
less than 5.25. (See Figure 9.13.)

We must decide between a digital word of 131 and 132.
Neither will give the exact output voltage of 5.25 volts. The out-
put voltage of 131 will equal 131x0.040 =5.24 volts. The output
voltage of 132 will equal 132x0.040 =5.28 volts. It is clear that
131 gives an output voltage value closer to 5.25 volts than 132.

Generally, we may round off to the closest integer, and use it
as the digital word we need to output. If the decimal part is less
than 0.50, use the smaller integer. If the decimal part is greater
than or equal to 0.50, use the larger integer as the output word.
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CI9RV POSSIBLE DAC

° “ov OUTPUT VOLTAGE
525V VOLTAGE
° DESIRED
5P4V POSSIBLE DAC
OUTPUT VOLTAGE

Figure 9.13: The desired output voltage is 5.25 volts. The DAC will output a voltage of either
5.24 volts or 5.28 volts. We must choose which of these two output voltages is the most desirable
for the application.

To illustrate, let’s suppose the required digital word equaled
156.34. Since the decimal part is 0.34, we will use the smaller
integer, 156, as the output word. If the required digital word
equaled 156.67, we would use 157 as the output word. We can
use this process—testing the decimal value and outputting the
nearest integer— quite easily with the Commodore 64, if we use
the INT function in BASIC. The program in the next section,
which calculates the digital value needed, uses this function.

9.5 Controlling
the DAC with a BASIC Program

This section presents a BASIC program to program the
AD558 to any output voltage between 0.00 and 10.24 volts.
The program will perform calculations using the information
presented in Section 9.5. The program is shown in Figure 9.14.

9.6 Increasing the Output
Drive Capability of the DAC

If we want the DAC output voltage to drive a heavy current
load, the current required may be greater than the rated amount
of the device. (See Figure 9.15.) The AD558 can output 5 milli-
amperes with no electrical problems. In this section, we will
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140

160
170

190
200
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220
230
240
250
260
270
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810
820
830
1000
1010
1020
1030

Figure 9.14: This program will calculate and output the digital value necessary tor the DAC to produce a given voltage.
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REM THIS PROGRAM WILL INPUT A NUMBER FROM THE KEYBOARD
REM AND POKE THE FORMATTED DATA TO THE LOSLOT.
REM

REM

REM

PRINT“INPUT THE VOLTAGE FOR THE DAC”

PRINT"ITMUST BE BETWEEN OAND 10.24VOLTS”

PRINT

INPUT V1

REM

REM NOW TO CHECK FOR A VALID INPUT VOLTAGE

REM

IFVL <0O0R V1 >10.24GOTO 1000

REM

REM NOW TO CALCULATE THE DIGITALWORD FOR THE DAC
REM

X = VI/.040

REM

REM NOW TO ROUND OFF THE NUMBER

REM

X = INT(X+ 5

REM

REM NOW TO OUTPUT THE WORD TO THE DAC

REM 56832, X

POKE 56832.X

REM

REM THE DAC VOLTAGE ISNOW SET. LOOP BACK TO START
REM

GOTO 60

REM

REM THIS SECTION PRINTS AN ERROR STATEMENT FOR A
REM VOLTAGE THAT WAS NOT BETWEEN 0.00AND +10.24
REM

PRINT

PRINT“THE VOLTAGE *V1;“WAS NOT BETWEEN 0.00AND 10.24V”
PRINT

GOTO 80

197
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AD558

Rl « Load for DAC
output to drive.
It may be larger
than the device
can deliver.

Figure 9.15: In some applications, the DAC output voltage will be required to drive a load that
needs more output current than the DAC output pin can deliver. Usually, DACs will output only a
few milliamperes of current to a load.

show how to increase the output-current-drive capability of the
DAC from 5 milliamperes to several hundred milliamperes. In
music applications, the current required by the DAC is usually
less than 5 milliamperes. For motor control applications, the
current ranges from 100 to several hundred milliamperes.

We can use the circuit in Figure 9.16 to increase the output-
current-drive capability. In this circuit, we take advantage of the
current gain of a transistor, the 2N2222, manufactured by many
companies, as shown in Figure 9.17. However, we do not know
what the exact output voltage will be, because some voltage will
drop across the base-emitter junction of the transistor.

Figure 9.18 shows another technique we can use to increase
the output-current-drive capability of the AD558. This circuit
uses an operational amplifier (or op-amp), in addition to the tran-
sistor, to compensate for any voltage drop across the base-
emitter junction. The output of the op amp will automatically
adjust so the two inputs are at the same voltage. This puts the
emitter of the transistor at the desired voltage potential, and lets
the transistor handle the heavy current. This circuit is a current
amplifier with a voltage gain of 1. In Figure 9.17, the voltage at
the load will equal the output voltage of the DAC.
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+12v

Figure 9.16: One way to increase the output drive current of the DAC is by using the circuit
shown above. The heavy current is controlled by the smaller current in the base of the transistor.
This base current is output by the DAC.

al2v

Figure 9.17: In the circuit of Figure 9.15, we do not know exactly what voltage will be delivered
to the load. This is due to the voltage drop across the base-emitter junction of the transistor. The
voltage drop is approximately 0.6 volts.
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+ 12V + 12V

VoutLOAD - Vgutdac

Figure 9.18: This is a schematic diagram of a circuit that will increase the output current drive of
the DAC and compensate for the base-emitter voltage drop.

9.7 Summary

In this chapter, we began by explaining digital-to-analog con-
version (DAC), and gave a general block diagram of a DAC. We
showed that the number of a converter’s unique output vol-
tages depends on the number of digital input lines and the con-
verter’s range of output voltage levels. When you encounter a
DAC for the first time, it will be helpful to refer to this diagram.

We then derived a formula for calculating the minimum volt-
age change for a DAC with any number of digital inputs and
any maximum output voltage swing. This led to how to deter-
mine what digital word to POKE to the DAC in order to set a
desired output voltage. We ended the chapter by showing a
sample program for controlling a DAC with the Commodore 64,
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and giving general schematics for increasing the output drive
capability of the device.

Digital-to-analog coverters are becoming quite popular in
many home-computer peripheral devices. The information
given in this chapter will help you use and control the periphe-
ral devices that use DACs.

Now that you have finished this text, the prospect of control-
ling external hardware with the Commodore 64 should seem a
much simpler problem than it did at first. We have presented
many examples of interfacing the computer to peripheral equip-
ment. You learned how to use the important timing and control
signals of the Commodore 64. Throughout this text, we fol-
lowed the two prevailing concepts that computer control is
made up of hardware and software that will:

1. send electrical information to an external device, and
2. receive electrical information from an external device.

By now you know enough about controlling peripheral equip-
ment with the Commodore 64 to make your own Commodore
64 connection. If you are interested in going deeper into this
subject, there are other important aspects to study. (A good
source to read is Microprocessor Interfacing Techniques, by R
Zaks and A. Lesea, SYBEX, 3rd ed. 1979.)

One area of computer interfacing we did not cover is that of
interrupts. When you use interrupts, the peripheral device can
request service from the computer only when necessary. At all
other times, the computer will perform other tasks and will not
service the peripheral device at all.

We should also mention the use of different standard buses,
such as the IEEE-488 and RS-232, with external devices. These
buses allow you to connect your computer directly to a periphe-
ral device with no hardware modifications or special designs.
This frees you to concentrate on software development.

We hope that we have opened the door to the essential ele-
ments of interfacing and computer control, and that you will
use them to develop applications of your own. Good luck and
have fun making the Commodore 64 connection.
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GLOSSARY

AC Appliance

AC is the abbreviation for Alternating Current, a description
given to any appliance that can be plugged into a wall socket. A
toaster, desk lamp, electric can opener, and coffee maker are
examples of AC appliances.

Analog Event

This is an event in nature that can have any value for its out-
put. Some common analog events are temperature, pressure,
and brightness.

Analog-to-Digital Conversion (ADC)

This electrical process converts an analog voltage into its digi-
tal equivalent for inputting to any type of digital computer.

Analog Voltage

This is a voltage output from any source that can take on any
numeric value. For example, 15.2345V is an analog voltage.
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BASIC

(Beginner’s All-purpose Symbolic Instruction Code) This is a
computer-programming language used by the Commodore 64
and most other home computers.

Binary

This description is given to a set of values that may have only
two possible outcomes. For example, the binary number system
uses only two digits, 1 and 0.

Bit

A bit is a single binary digit in a computer word. It may have
a possible value of 1 or 0.

Byte

A byte is a group of 8 bits. An example would be 00101100.
Byte and data word are synonymous.

Computer Control

This term describes the direction of an external device by a
computer.

Data

This is information output or input to the computer.

Digital-to-Analog Conversion

This is an electrical process by which an analog output volt-
age is produced by a specific combination of binary inputs to a
piece of hardware called a digital-to-analog converter.
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Floppy Disk

This flexible, mylar disk has one or both sides coated to allow
magnetic recording of computer information. A floppy disk
may be either 8 or 5 M inches in diameter.

Flowchart

This is a visual representation of the logical paths a computer
program will follow as the instructions are executed.

4.7K

This is an abbreviation for 4700. The letter K is the metric
symbol for 1000. For example, the number 3.6K equals 3.6 X
1000 = 3600.

1/0
1/0 is the abbreviation for Input/Output.

I/O Address

This is a logical memory address that is assigned to a specific
peripheral device.

/O Expansion Slot

This slot, located at the back of the Commodore 64, allows for
connections with external devices.

Input

During an 1/O operation, the computer can input or accept
data.
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Integrated Circuit (1C)

This describes an electronic component that is usually pack-
aged in a Dual In-line Package (DIP).

Latch

This electronic device is capable of storing a single bit of
binary information after it has been electrically instructed to do
so. An 8-bit latch will store 8 bits of binary information simul-
taneously.

LED

This stands for Light-Emitting Diode, which is an electronic
device that has the physical property of emitting light when cur-
rent passes through it in the forward direction.

Logical O

This is one of the two possible binary states that a digital logic
circuit can reside in. For the Commodore 64, a logical 0 is when
the voltage level of the digital signal is less than or equal to 0.8
volts.

Logical 1

This is the other of the two possible binary states that a digital
logic circuit can reside in. In the Commodore 64, a logical 1 is
when the voltage output is greater than 2.0 volts.

Nibble

A nibble is a group of 4 bits, such as 0011. A byte consists of 2
nibbles.
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Output

A computer outputs when it sends data to a peripheral device
to control it.

Output Port

This is any output address to which the computer can output
data.

PEEK Address

This is the address used in a PEEK statement.

PEEK Statement

This statement in BASIC allows data to be input from a valid
memory address.

Phase 2

This is a clock line that times the writing of data to the
peripheral circuits connected to the Commodore 64 computer.

POKE Address

This is the memory address that is specified during the execu-
tion of the POKE statement.

POKE Statement

This is an instruction in BASIC that allows data to be output
to a valid memory address.
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R/W Line

This signal line is used to electrically inform the 1/O circuits if
the computer is reading or writing during a memory cycle.

74LS_

74LS_is a numeric label given to integrated circuits. LS is
an abbreviation for Low-power Schottky, a type of design tech-
nology. The _ in the label can be any 2- or 3-digit number, which
will allow you to look the integrated circuit up in a data book.
An integrated circuit used in this text is a 74LS32.

Transducer

A transducer is an electronic device that will change a physi-
cal action into an electrical equivalent. For example, a tempera-
ture transducer will change temperature into an equivalent
electrical value.

TTL (Transistor Transistor Logic)

This logic family is used in the circuits of the Commodore 64
computer.



APPENDIX:
TIPS ON READING
A SCHEMATIC

In this text, we use schematic diagrams to illustrate certain
aspects of connecting the Commodore 64 to the outside world.
We intended the following tips for beginners to help them
understand how to read a schematic.

Each symbol used in the schematic diagram represents
some physical device. The lines that connect the symbols repre-
sent physical wires. Figure B.l represents a transistor con-
nected to a resistor. Each physical device has a companion
schematic symbol.

+5V

TRANSISTOR
SYMBOL

Figure B.I: This schematic diagram represents a transistor connected to a resistor.
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In digital logic, we use many different symbols to represent
the components of a circuit. We will discuss only those symbols
that will help you read the schematics presented in this text.
However, if you understand these symbols, it will be much easier
to read schematics in other texts. Let’s discuss all the important
parts of the schematic in Figure B.2.

In Figure B.2, the schematic will flow from left to right just as
the words do on a page. This is true of most schematics. On the
left side of Figure B.2 are the inputs to the circuit. These are
given a signal name so that they may be identified wherever
they are in the schematic.

Each signal input in Figure B.2 also has a point of origin that
indicates where the signal starts from. The inputs will start
from the 1/0 connector pin of the I/O expansion slot. The pin
numbers shown next to the signal names are also listed in the
Commodore 64 documentation. For example, the data lines
D0-D7 connect to a rectangle that represents a single integrated
circuit, 74LS374. Each data line is connected to a specific num-
ber that corresponds to the pin number of the integrated circuit.
This is shown in Figure B.3.

In Figure B.3, we see that the pin numbers of the integrated
circuit are labeled in a “U” arrangement. Pin 1 is always at the
upper-left corner. Notice that the pin numbers in Figure B.2 do
not correspond to Figure B.3. We obtained the pin numbers in
Figure B.2 from Figure B.3, but we placed them so that we
could draw the schematic easily.

Let’s now discuss another input line, DEVICE SELECT, to
the schematic diagram B. The heavy line over the signal name
indicates that this signal will perform its specific function
only when it is a logical 0. In this case, the 1/0 expansion slot
is selected when the DEVICE SELECT signal is a logical O.
When the DEVICE SELECT signal is a logical 1, the I/0O expan-
sion slot is ignored.

The DEVICE SELECT line originates from the edge connec-
tor pin 41. It then connects to the symbol for a logical OR gate
shown in Figure B.2. Pin 1 of the OR gate is the physical pin
number of the integrated circuit package. A single integrated
circuit package will contain up to four logical OR gates, as
shown in Figure B.4.
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74L.S374

1 OUT ENABLE 20

Vee

2 1Q 8Q 19
3 1D 8D 18
4 2D 7D 17
5 2Q 7Q 16
6 3Q 6Q 15
7 3D 6D 14
8 4D 5D 13
9 4Q 5Q 12
10 GND CLOCK 11

Figure B.3: The pins on this integrated circuit are shown in their correct numerical order. In
Figure B.2, the layout was altered to simplify the drawing and make it more legible.

Output pin 3 of the OR gate connects to pin 4 of another OR
gate. We know that both OR gates are contained in the same
integrated circuit package, because both are labeled 1C2. “IC”
stands for Integrated Circuit. This type of labeling denotes gates
that reside in the same physical package on the circuit board.

Output pin 6 of the OR gate is connected to input pin 11 of
the 74LS374 integrated circuit that we discussed earlier. We can
see that the outputs of the 74LS374 integrated circuit are not
connected to anything in schematic B.2, because the lines are
not connected to other symbols. Notice that the flow of the
schematic is from left to right, input to output.

When we use this information, we can read the schematic
diagrams shown in this text. We discussed all of the special
symbols—like the symbol for a light emitting diode—in the sec-
tion of the text they are used. We have used only a few of the
many logic symbols available, which are shown in Figure B.5.
Appendix C gives all of the pinouts for each of the physical inte-
grated circuits used in this text.
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741532

Figure B.4: All four OR gates are located in the same device package.
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>

NAND GATE

TRI-STATE
BUFFER
OR GATE
output from
circuit.

PRESET (SEQQ OUTPUT - 1)

CLOCK

CLEAR (SET Q OUTPUT - 0)

LATCH

Figure B.5: These are the logic symbols used in this book.
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MANUFACTURER’S
DATA SHEETS

54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS
PIN ASSIGNMENTS (TOP VIEWS)

Mxc *8 A & @B 3A ¥ aD B A

QUADRUPLE 2-INPUT

POSITIVE NAND GATE H
0 uy KJ
positive logic: Il r “1 r?i

Y = AB

2A 28 /Y GNO Vee v %+ 8
SN5400 (J) SN7400 (3, N) SN5400 (W)
SN54H00 (J) SN74H00 (J. N) SN54H00(W)
SN54L00 (J) SN74L00 (3. N) SN54LOO (T)

SN54LS00 (J. W)  SN74LSOO (J, N)
SN54S00 (3. W)  SN74S00 (J, N)

M 6 6Y SA 57 @A 4 ¥ 6A 6r GD 5/ BA

HEX INVERTERS

04 y kr

positive logic:
Y=A

TrawH T Tinimr

SN5404 (J) SN7404 (3. N) SN5404 (W)
SN54H04 (J) SN74H04 (3, N) SN54H04 (W)
SN54L04 (J) SN74L04 (3. N) SN54L04 (T)

SN54LS04 (J. W) SN74LS04 (J, N)
SN54504 (J.W)  SN74S04 (3. N)

From TTL Data Book for Design Engineers copyright© 1981 Texas Instruments Incorporated.
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS
PIN ASSIGNMENTS (TOP VIEWS)

HEX INVERTER BUFFERS/DRIVERS
WITH OPEN COLLECTOR
HIGH VOLTAGE OUTPUTS

06

positive logic:
Y- A

QUADRUPLE 2 INPUT

POSITIVE OR GATES

32

positive logic:
Y - A+B

lririinininiriif

SN5406 (J. )

SN7406 (3. N)

Vool «V 36 3A 3V
] 11

rE>0 (o

i 11

L L ALY L SR

SN5432 (J, W)
SN54LS32 (3. W)
SN54S32 (J, W)

DUAL D-TYPE POSITIVE-EDGE TRIGGERED FLIP FLOPS WITH PRESET AND CLEAR

74

FUNCTION TABLE

INPUTS

PRESET CLEAR CLOCK

L H

I T T - I
I I I r r

X

X
X
+

OUTPUTS
Q Q
H L
L H
H*  He

L
H
Qa  Qag

Vec CIA 20 2CK 2pR 20 20 1R 10 10

SN5474 (J) SN7474 (J. N) SN5474(W)
SN54H74 (J) SN74H74 (J. N) SN54H74 (W)
SN54L74 (J) SN74L74 (J,N) SN54L74 (T)

SN54LS74A (J. W) SN74LS74A (3. N)
SN54S74 (3, W)  SN74S74 (3. N)

From TTL Data Book for Design Engineers copyright© 1981 Texas Instruments Incorporated.

SN7432 (J. N)
SN74LS32 (J. N).
SN74S32 (J, N)

GNO 20 20 2PR
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS
PIN ASSIGNMENTS (TOP VIEWS)

M «C 4A a4 X JA Y
QUADRUPLE BUS BUFFER GATES WITH THREE-STATE OUTPUTS

125

positive logic:
Y A
Output is off (disabled) when C is high. Iy X 2A IY GD

SN5412S (J, W)  SN74125 (J, N)
SN54LS125A(J, W) SN74LS125A (J. N)

U "J U aux
QUAD D TYPE FLIP FLOPS
175 COMPLEMENTARY OUTPUTS
COMMON DIRECT CLEAR
SN54175 (J, W) SN74175 (J, N)
SN54LS175 (J, W) SN74LS175 (3. N)
SN54S175 (3, W) SN74S175 (3. N)
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS
240 INVERTED 3-STATE OUTPUTS
<€ I*« o> o> *> > ‘A >* 00
SN54LS240 () SN74LS240 (J. N)
SN545240 (J) SN745240 (J. N)

From TTL Data Book for Design Engineers copyright© 1981 Texas Instruments Incorporated.
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS
PIN ASSIGNMENTS (TOP VIEWS)

OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS

244 NONINVERTED 3-STATE OUTPUTS

SN54L5244 (J) SN74LS244 (3, N)

From 'ITLDaIaBod<frI}5ig'1 Ef'g-rmScopyrigh@ 1981 Texas Instruments Incorporated.
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ANALOG DACPORT™ Low Cost Complete

DEVICES

FEATURES

Complete 8-Bit DAC

Voltage Output —2 Calibrated Ranges
Internal Precision Band-Gap Reference
Single-Supply Operation- +5V to +15V
Full Microprocessor Interface

Fast: Ifit Voltage Settlingto +1/2LSB
Low Power: 75mwW

No User Trims

Guaranteed Monotonic Over Temperature
All Errors Specified Tmin to Tmax

Small 16-Pin DIP Package

Single Laser-Wafer-Trimmed Chip for Hybrids
Low Cost

PRODUCT DESCRIPTION

The AD558 DACPORT is acomplete voltage-output 8-bit
digital-to-analog converter, including output amplifier, full
microprocessor interface and precision voltage reference on a
single monolithic chip. No external components or trims are
required to interface, with full accuracy, an 8-bit data bus to
an analog system.

The performance and versatility of the DACPORT s a result of
several recently-developed monolithic bipolar technologies.
The complete microprocessor interface and control logic is
implemented with integrated injection logic (12L), an extreme-
ly dense and low-power logic structure that is process-compat-
ible with linear bipolar fabrication. The internal precision
voltage reference is the patented low-voltage band-gap circuit
which permits full-accuracy performance on a single +5V to
+15V power supply. Thin-film silicon-chromium resistors
provide the stability required for guaranteed monotonic op-
eration over the entire operating temperature range (all grades),
while recent advances in laser-wafer-trimming of these thin-
film resistors permit absolute calibration at the factory to
within +1LSB; thus no user-trims for gain or offset arc re-
quired. A new circuit design provides voltage settling to
+1/2L.SB for a full-scale step in 800ns.

The AD558 is available in four performance grades. The
ADS5 58J and K are specified for use over the 0 to +70°C tem-
perature ranj»e, while the AD5 58S and T grades are speci-
fied for -55 C to +125°C operation. The hermetically-

sealed ceramic package is standard. Processing to MI L-STD-
883, Class B is optional on S and T grades.

PRODUCT HIGHLIGHTS

1. The 8-bit 12L input register and fully microprocessor-
compatible control logic allow the AD558 to be directly
connected to 8- or 16-bit data buses and operated with
standard control signals. The latch may be disabled for
direct DAC interfacing.

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.
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/xP-Compatible 8-Bit DAC
AD558

AD558 FUNCTIONAL BLOCK DIAGRAM

The laser-trimmed on-chip SiCr thin-film resistors are cali-
brated for absolute accuracy and linearity at the factory.
Therefore, no user trims are necessary for full rated ac-
curacy over the operating temperature range.

. The inclusion of a precision low-voltage band-gap reference

eliminates the need to specify and apply a separate refer-
ence source.

. The voltage-switching structure of the AD558 DAC section

along widi a high-speed output amplifier and laser-trimmed
resistors give the user a choice of OV to +2.56V or 0V to
+10V output ranges, selectable by pin-strapping. Circuitry
is internally compensated for minimum settling time on
both ranges; typically settling to £1/2LSB for a full-scale
2.55 volt step in 800ns.

The ADS58 is designed and specified to operate from a
single +4.5V to +16.5V power supply.

. Low digital input currents, IOOfiA max, minimize bus

loading. Input thresholds arc TTL/low voltage CMOS
compatible over the entire operating V(j£ range.

. The single-chip, low power 12L design of the AD558 is

inherendy more reliable than hybrid multi-chip or con-
ventional single-chip bipolar designs. The AD558S and T
grades, which are specified over the -55 C to +125 C
temperature range, are available processed to MIL-STD-883,
Class B.

. All AD558 grades are available in chip form with guar-

anteed specifications from +25°C to Tmax. MIL-STD-883,
Class B visual inspection is standard on Analog Devices
bipolar chips. Contact the factory for additional chip
information.



APPENDIX C

SPECI FICATIONS (typical @ Ta = +25°C, Vcc = +5V to +15V unless otherwise specified)

MODEL
RESOLUTION

RELATIVE ACCURACY2
0to +70 C
-55°C to +125°C

OUTPUT
Ranges

Current, Source
Sink

OUTPUT SETTLING TIMES
0 to 2.56 volt ranee
0 to 10 volt range

FULL SCALE ACCURACY
@25 C
Tmin to “max

ZERO ERROR
@25 C
Tmin to “max
MONOTONICITY®6
Tmin to “max
DIGITAL INPUTS
T'min to “max
Input Current
Data Inputs, Voltage
Bit On - Logic “1”
Bit Off —Logic “0”
Control Inputs, Voltage
On - Logic “1”
Off —Logic "0”
Input Capacitance
TIMING7
Amin to Tmax
tly (Strobe Pulse Width)
IDH (Data Hold Time)
tps (Data Set-Up Time)
POWER SUPPLY
Operating Voltage Range (Vcc)
2.56 Volt Range
10 Volt Range
Current (lcc)
Rejection Ratio
POWER DISSIPATION, Vcc =5V
Vce =15V

OPERATING TEMPERATURE
RANGE

Tmin

Tmax

AD558)
8 Bits

+1/2LSB max

0V to +2.56V

0V to +10V 3

+5mA

Internal Passive
Pull-Down to Ground4

0.8/is (1.5"ts max)
2.0ns (3.0/us max)

+1.5LSB (+0.6%) max
+2.5LSB (£1.0%) max

+1LSB max
+2LSB max

Guaranteed

+100/iA max

2.0V min
0.8V max

2.0V min
0.8V max
4pF

100ns min
10ns min
100ns min

+4.5V to +16.5V
+11.4V to +16.5V
15mA typ, 25mA max
0.03%/% max

75mW (125mW max)
225mW (375mW max)

0°C
+70°C

AD558K

+1/4LSB max

+0.5LSB (+0.2%) max
+1LSB (+0.4%) max

+1/2LSB max
+1LSB max

AD558S1

+3/4LSB max

-55°C
+125°C

ADS558T1

o*

+3/8LSB max

*kg

**

o fho

* Kk
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ABSOLUTE MAXIMUM RATINGS

to Ground 0V to +18V
Digital Inputs (Pins 1-10) 0 to +7.0V
Vqut Indefinite Short to Ground

Momentary Short to Vcc
Power Dissipation 450mwW

Storage Temperature Range

D (ceramic) Package
Lead Temperature (soldering, 10 second)
Thermal Resistance

-55°C to +150 C
300 C

Junction to Ambient/Junction to Case
D (ceramic) Package

(9 oo C 6 D ar
a C 2 E'S) e SENE
;e C 3 u [] vomsAECT
[==:1 G n“lc}o

AD558
m C 5 » 3 @D
a5 C 6 N [ e
oM C 7 0o S
o C 8 o JaE

Figure 1 AD558 Pin Configuration

AD558 ORDERING GUIDE

Relative Accuracy  Full-Scale
Error Max Error, Max Package
Model Package Temperature Tmin  Tmax Tmin  Tmax  Style
ADB558IN Plastic 0 to +70°C +1/2LSB +2.5LSB N16A2
ADS558KN Plastic 0to +70°C +1/4LSB +1 LSB N16A2
AD558JD Ceramic 0 to +70°C 11/2LSB +2.5LSB D16A
AD558KD Ceramic 0 to +70°C +1/4LSB +1LSB D16A
AD558SD Ceramic -55°C to +125°C +3/4LSB 12.5LSB D16A
\D5585D/883 B Ceramic -55°C to +125°C +3/4LSB +2.5LSB D16A
AD558TD Ceramic -55°C to *125°C +3/8LSB +1LSB D16A
\D558TD/883B Ceramic -55°C: to +125°C +3/8LSB +1LSB D16A

See Section 20 for package outline information.
To be available June. 1982.

CIRCUIT DESCRIPTION

The AD558 consists of four major functional blocks, fabri-
cated on asingle monolithic chip (see Figure 2). The main

D to A converter section uses eight equally-weighted laser-trim
med current sourres switched into a silicon-chromium thin-
film R/2R resistor ladder network to give a direct but unbuf-
fered OmV to 400mV output range. The transistors that form
the DAC switches are PNPs; this allows direct positive-voltage
logic interface and a zero-based output range.

DIGITAL INPUT DATA

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.

The high-speed output buffer amplifier is operated in the non-
inverting mode with gain determined by the user-connections
at the output range select pin. The gain-setting application
resistors are thin-film laser-trimmed to match and track the
DAC resistors and to assure precise initial calibration of the
two output ranges, 0V to 2.56V and 0V to 10V. The amplifier
output stage is an NPN transistor with passive pull-down for
zero-based output capability with a single power supply.

The internal precision voltage reference is of the patented
band-gap type. This design produces a reference voltage of 1.2
volts and thus, unlike 6.3 volt temperature-compensated zeners,
may be operated from a single, low-voltage logic power supply.
The microprocessor interface logic consists of an 8-bit data
latch and control circuitry. Low-power, small geometry and
high-speed are advantages of the 12L design as applied to this
section. 12L is bipolar process compatible so that the perform-
ance of the analog sections need not be compromised to pro-
vide on-chip logic capabilities. The control logic allows the
latches to be operated from a decoded microprocessor ad-
dress and write signal. If the application does not involve a

/iP or data bus, wiring CS and CF. to ground renders the latches
“transparent” for direct DAC access.



CONNECTING THE AD558

The AD558 has been configured for ease of application. All
reference, output amplifier and logic connections are made
internally. In addition, all calibration trims are performed at
the factory assuring specified accuracy without user trims. The
only connection decision that must be made by the user is a
single jumper to select output voltage range. Clean circuit
board layout is facilitated by isolating all digital bit inputs on
one side of the package; analog outputs are on the opposite side.

Figure 3 shows the two alternative output range connections.
The OV to 2.56V range may be selected for use with any
power supply between +4.5V and +16.5V. The OV to 10V
range requires a power supply of +11,4V to +16.5V.

Because of its precise factory calibration, the AD5 58 is in-
tended to be operated without user trims for gain and offset,
therefore no provisions have been made for such user-trims.

If a small increase in scale is required, however, it may be ac-
complished by slightly altering the effective gain of the output
buffer. A resistor in series with Vqjjj SENSE will increase the
output range.

For example if a OV to 10.24V output range is desired (40mV
= 1LSB), a nominal resistance of 850Q is required. It must be
remembered that, although the internal resistors all ratio-
match and track, the absolute tolerance of these resistors is
typically +20% and the absolute TC is typically -50ppm/°C
(0 to -Il0OOppm/ C). That must be considered when re-scaling
is performed. Figure 4 shows the recommended circuitry for a
full-scale output range of 10.24 volts. Internal resistance values
shown are nominal.

NOTE Decreasing the scale by putting a resistor in series with
GND vail not work properly due to the code-dependent cur-
rents in GND. Adjusting offset by injecting dc at GND is not
recommended for the same reason.

a OV to 2.56V Output Range

b. OV to 10V Output Range

Figure 3. Connection Diagrams

APPENDIX C 221

AD558 Applications

GROUNDING AND BYPASSING*

All precision converter products require careful application of
good grounding practices to maintain full rated performance.
Because the AD558 is intended for application in microcom-
puter systems where digital noise is prevalent, special care must
be taken to assure that its inherent precision is realized.

The AD558 has two ground (common) pins; this minimizes
ground drops and noise in the analog signal path. Figure 5
shows how the ground connections should be made.

It is often advisable to maintain separate analog and digital
grounds throughout a complete system, tying them common
in one place only. If the common tie-point is remote and ac-
cidental disconnection of that one common tie-point occurs
due to card removal with power on. a large differential volt-
age between the two commons could develop. To protect de-
vices that interface to both digital and analog parts of the
system, such as the ADS58, it is recommended that common
ground tie-points should be provided at each such device. If
only one system ground can be connected directly to the
ADS58. it is recommended that analog common be selected.

POWER SUPPLY CONSIDERATIONS

The AD558 is designed to operate from a single positive power
supply voltage. Specified performance is achieved for any sup-
ply voltage between +4.5V and +16.5V. This makes the
ADS558 ideal for battery-operated, portable, automotive or
digital main-frame applications.

The only consideration in selecting a supply voltage is that, in
order to be able to use the OV to 10V output range, the power
supply voltage must be between +11.4V and +16.5V. If, how-
ever, the OV to 2.56V range is to be used, power consumption
will be minimized by utilizing the lowest available supply
voltage (above +4.5V).

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.
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TIMING AND CONTROL

The AD558 has data input latches that simplify interface to

8- and 16-bit data buses. These latches are controlled by Chip
Enable (CE) and Chip Select (CS) inputs, pins 9 and 10 respec-
tively. CE and CS are internally “NORed” so that the latches
transmit input data to the DAC section when both CE and CS
are at Logic “0”. If the application does not involve a data
bus, a “00” condition allows for direct operation of the DAC.
When either CE or CS go to Logic "1”, the input data is
latched into the registers and held until both CE and CS return
to “0”. (Unused CE or CS inputs should be tied to ground.)
The truth table is given in Table I. The logic function is also
shown in Figure 6.

Latch

Input Data  CE Cs DAC Data Condition

0 0 0 0 “transparent’

1 0 0 1 “transparent’

0 ! 0 0 latching

1 J 0 1 latching

0 0 J 0 latching

1 0 f 1 latching

X 1 X previous data latched

X X 1 previous data latched
Notes: X » Does not matter

! » Logic Threshold at Positive-Going Transition

Table I. AD556 Control Logic Truth Table

Figure 6. AD558 Control Logic Function

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.

Figure 7 shows the timing for the data and control signals;
CE and CS are identical in timing as well as in function.

ami

Figure 7. AD558 Timing

use of Vqut sense

Separate access to the feedback resistor of the output ampli-
fier allows additional application versatility. Figure 8a shows
how 1 X R drops in long lines to remote loads may be cancelled
by putting the drops “inside the loop”. Figure 8b shows how
the separate sense may be used to provide a higher output cur-
rent by feeding back around a simple current booster.

a. Compensation for | x R Drops in Output Lines
Vee

b. Output Current Booster

Figure 8. Useof Vqu T Sense



OPTIMIZING SETTLING TIME

In order to provide single-supply operation and zero-based
output voltage ranges, the AD558 output stage has a passive
“pull-down” to ground. As a result, settling time for negative-
going output steps may be longer than for positive-going out-
put steps. The relative difference depends on load resistance
and capacitance. If a negative power supply is available, the
negative-going settling time may be improved by adding a pull-
down resistor from the output to the negative supply as shown
in Figure 9. The value of the resistor should be such that, at
zero voltage out, current through that resistor is 0.5mA max.

t"po 2| vit |
NEGATIVE 1% kill
supply kV,,

Figure 9. Improved Settling Time

BIPOLAR OUTPUT RANGES

The AD558 was designed for operation from a single power
supply and is thus capable of providing only unipolar (OV to
+42.56 and OV to 10V) output ranges. If a negative supply is
available, bipolar output ranges may be achieved by suitable
output offsetting and scaling. Figure 10 shows how ai 1.28
volt output range may be achieved when a -5 volt power sup-
ply is available. The offset is provided by the AD589 precision
1.2 volt reference which will operate from a +5 volt supply.
The AD544 output amplifier can provide the necessary +1.28
volt output swing from %5 volt supplies. Coding is complemen-
tary offset binary.

INTERFACING THE AD558 TO MICROPROCESSOR DATA
BUSES*

The AD558 is configured to act like a "write only” location

in memory that may be made to coincide with a read only
memory location or with a RAM location. The latter case
allows data previously written into the DAC to be read back
later via the RAM. Address decoding is partially complete for
either ROM or RAM. Figure 11 shows interfaces for three
popular microprocessor systems.

APPENDIX C 223

Applying the AD558

a 6800/AD558 Interface

MTW» =CT
CECOEDAOHESSSHETTRISE wS

b. 8080A/AD558 Interface

c. 1802/AD558 Interface

Figure 11. Interfacing the AD558 to Microprocessors

*The microprocessor-interface capabilities of the ADSS8 are exten-
sive A comprehensive application note. “Interfacing the AD558
DACPORT™ to Microprocessors” is available from any Analog
Devices Sales Office upon request, free of charge.

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.
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AD558 Performance (typical @+25°C, Vqc = +5V to +15V unless otherwise noted)

Figure 12. Full Scale Accuracy vs. Temperature

1LSB 0 39% OF FULL SCALE

Figure 13. Zero Drift vs. Temperature Performance
of AD558

------- TR TRy G N T Py 2

4 6 8 10 12 14 16 18 volts
Ve

Figure 14. Quiescent Current vs. Power Supply
Voltage for AD558

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.

HORIZONTAL 500ns/DIV

Figure 16. AD558 Settling Chracteristic Detail
W to 10V Output Range Full-Scale Step

HORIZONTAL: 100ns/DIV

Figure 17. AD558 Logic Timing



ANALOG
DEVICES

FEATURES
Complete A/D Converter with Reference and Clock
Fast Successive Approximation Conversion —25ms
No Missing Codes Over Temperature
0 to +70°C - AD570J
-55°C to +125°C - AD570S
Digital Multiplexing - 3 State Outputs
18-Pin DIP
Low Cost Monolithic Construction

PRODUCT DESCRIPTION

The AD570 isan 8-bit successive approximation A/D converter
consisting of a DAC, voltage reference, clock, comparator, suc-
cessive approximation register and output buffers - all fabri-
cated on a single chip. No external components are required

to perform a full accuracy 8-bit conversion in 25/is.

The AD570 incorporates the most advanced integrated cir-
cuit design and processing technology available today. 12L
(integrated injection logic) processing in the fabrication of the
SAR function along with laser trimming of the high stability
SiCr thin film resistor ladder network at the wafer stage (LWT)
and a temperature compensated, subsurface Zener reference
insures full 8-bit accuracy at low cost.

Operating on supplies of +5V and -15V, the AD570 will ac-
cept analog inputs of 0 to +10V unipolar or +5V bipolar,
externally selectable. As the BLANK and CONVERT input is
driven low, the three state outputs will be open and a conver-
sion will commence. Upon completion of the conversion, the
DATA READY line will go low and the data will appear at the
output. Pulling the BLANK and CONVERT input high blanks
the outputs and readies the device for the next conversion.
The AD570 executes a true 8-bit conversion with no missing
codes in approximately 25/is.

The AD570 is available in two versions; the AD570J is spec-
ified for the 0 to 70°C temperature range, the AD570S for
-55 C to +125°C. Both guarantee full 8-bit accuracy and no
missing codes over their respective temperature ranges.

The AD570J is also offered in an 18-pin plastic DIP.

*Protected by Patent Not. 3940760, 4213806 and 4136349.

APPENDIX C

Low Cost, Complete 1C
8-Bit Ato D Converter

AD5/0

AD570 FUNCTIONAL BLOCK DIAGRAM

18-PIN DUAL IN LINE PACKAGE

PRODUCT HIGHLIGHTS

1. The AD570 is a complete 8-bit A/D converter. No
external components are required to perform a con-
version. Full scale calibration accuracy of +0.8% (2LSB
of 8 bits) is achieved without external trims.

2. The AD570 is a single chip device employing the most
advanced 1C processing techniques. Thus, the user has at
his disposal a truly precision component with the relia-
bility and low cost inherent in monolithic construction.

w

. The AD570 accepts either unipolar (0 to +10V) or
bipolar (-5V to +5V) analog inputs by simply grounding
or opening a single pin.

4. The device offers true 8-bit accuracy and exhibits no

missing codes over its entire operating temperature
range.

5. Operation isguaranteed with -15V and +5V supplies. The
device will also operate with a -12V supply.

6. The ADS70S is also available with processing to MIL-
STD-883, Class B. The single chip construction and
functional completeness make the AD570 especially
attractive for high reliability applications.

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.
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SPECIFICATIONS

(typical @+25°C with V+ » +5V, V- * -15V, all voltages measured with respect to digital common, unless otherwise indicated)

MODEL AD570J AD570S1
RESOLUTION2 8 Bits .
RELATIVE ACCURACY ® 25°C234 +1/2LSB max M

linm to Tmtx +1/2LSB max °

FULL SCALE CALIBRATION4 5
(With 15£2 Resistor In Series With

Analog Input +2LSB (typ)
UNIPOLAR OFFSET (max)4 +1/2LSB *
BIPOLAR OFFSET (max)4 +1/2L.SB *

DIFFERENTIAL NONLINEARITY
(Resolution for Which no Missing
Codes are Guaranteed)

028"09“ 8 Bits *

Tmin ax 8 Bits *
TEMPERATURE RANGE 0 to ¢70°C -55°C to +125°C
TEMPERATURE COEFFICIENTS4

G uaranteﬁmax Change
Tmin max

Unipolar Offset +1LSB (88ppm/°C) +1LSB (40ppm/°C)
Bipolar Offset +1LSB (88ppm/°C) +1LSB (40ppm/°C)
Full Scale Calibration6 +2LSB (176ppm/°C) +2L.SB (80ppm/°C)

(With 15fi Fixed Resistor or
200& Trimmer)
POWER SUPPLY REJECTION4
Max Change in Full Scale Calibration
TTL Positive Supply

+4.5V<V+<*5 5V +2L.SB max
Negative Supply
-16.0V<V-<-13.5V +2LSB max ‘
ANALOG INPUT RESISTANCE 3kf2 min *
5kS2 typ .
7kft max *

ANALOG INPUT RANGES
(Analog Input to Analog Common)

Unipolar 0 to *10V *
Bipolar -5V to +5V *
OUTPUT CODING
Unipolar Positive True Binary *
Bipolar Positive True Offset Binary

LOGIC OUTPUT
Bit Outputs and Data Ready
Output SinWrent 3.2mA min .
<vout = max, Tmkl to Tmix) (2TTL Loads) :
Output Souwkee Current (Bit Outputs)7
(Vout =Z.4V min, Tmin to Tmax) 0.5mA min

Output Leakage When Blanked +407A max *
LOGIC INPUT
Blank and Convert Input
0<Vin< VvV +40/iA max °
Blank - Logic “1” 2.0V min ¢
Convert - Logic “0” 0.8V max ¢
CONVERSION TIME 15ms min *
25m* typ :
40ms max

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.
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ALL MODELS

POWER SUPPLY
Absolute Maximum

V+ *7V
V- -16.5V
Specificd Operating - Rated Performance
V+ +5V
V- -15V
Operating Range
V+ +4.5V to +5.5V
V- -12.0V co0-16.5V
Operating Current
Blank Mode
V+ = +5V 2mA typ (10mA max)
V- =-15V IMA typ (15mA max)
Convert Mode
V+ = +5V 5mA
V- =-15V 10mA

*Specifications same as AD570J
Specifications subject to change without notice.

NOTES

1The AD570S is available processed and screened to the requirements of MIL-STD-883B, Class B.
When ordering, specify the AD570SD/883B.

*The AD570 is a selected version of the AD571 10-bit A to D converter. As such, some devices may
exhibit 9 or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed
Only TTL logic inputs should be connected to pins 1and 18 (or no connection made) or damage
may result.

s Relative accuracy is defined as the deviation of the code transition points from the ideal transfer
point on astraight line from the zero to the full scale of the device

4Specifications given in LSB's refer to the weight of a least significant bit at the 8-bit level, which is
0.39% of full-scale

5Full scale calibration is guaranteed trimmable to zero with an external 200fl potentiometer in place
of the 15fi fixed resistor. Full scale is defined as 10 volts minus 1 LSB. or 9.961 volts.

6 Full Scale Calibration Temperature Coefficient includes effects of unipolar offset drift as well as
gain drift.

'The Data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector
with a nominal 6kft internal pull-up resistor.

ABSOLUTE MAXIMUM RATINGS

V+ to Digital Common 0 to +7V
V'-to Digital Common 0 to-16.5V
Analog Common to Digital Common 1V
Analog Input to AnalogCommon - 15v
Control Inputs 0 to V+
Digital Outputs (Blank Mode) 0to V+
Power Dissipation HOOMW
AD570 ORDERING GUIDE

Temperature
Model Package Numberl Range
AD570JN 18-Pin Plastic D1P(N18A)2 0 to +70°C
AD570JD 18-Pin Ceramic DIP (D28A) 0 to +70°C
AD570SD 18-Pin Ceramic DIP (D18A) -55°C to +125°C
AD570SD/883B 18-Pin Ceramic DIP (D18A) -55°C to +125°C

1See Section 20 for package outline information. ) ) A
*To be available June 1982. Figure 1 AD570 Pin Connections
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CONNECTING THE AD570 FOR STANDARD OPERATION
The ADS70 contains all the active components required to
perform a complete A/D conversion. Thus, for most situa-
tions, all that is necessary is connection of the power sup-

ply (+5 and -15), the analog input, and the conversion

start pulse. But, there are some features and special con-
nections which should be considered for achieving optimum
performance. The functional pin-out is shown in Figure 1.

FULL SCALE CALIBRATION

The 5kft thin film input resistor is laser trimmed to produce
a current which matches the full scale current of the internal
DAC—plus about 0.3% —when a full scale analog input voltage
of 9.961 volts (10 volts - 1LSB) is applied at the input. The
input resistor is trimmed in this way so that if a fine trimming
potentiometer is inserted in series with the input signal, the
input current at the full scale input voltage can be trimmed
down to match the DAC full scale current as precisely as
desired. However, for many applications the nominal 9.961
volt full scale can be achieved to sufficient accuracy by simply
inserting a 15ft resistor in series with the analog input to pin
14. Typical full scale calibration error will then be about
+2L.SB or +0.8%. If a more precise calibration is desired

a 200ft trimmer should be used instead. Set the analog input
ac 9.961 volts, and set the trimmer so that the output code
isjust at the transition between 11111110 and 11111111.
Each LSB will then have a weight of 39.06mV. If a nominal
full scale of 10.24 volts is desired (which makes the LSB have
weight of exactly 40.00mV), a 50ft resistor in series with a
200ft trimmer (or a 500ft trimmer with good resolution)
should be used. Of course, larger full scale ranges can be ar-
ranged by using a larger input resistor, but linearity and full
scale temperature coefficient may be compromised if the
external resistor becomes a sizeable percentage of 5kft.

=G 3 -
7730 or
AD570  it-}-O Dgital cum
Gz ™ - Dlgolar ‘ls;\lnrtmocmmmfa'?og
50 ARG TGS AR
1 vy A Q*~ ANALOGIN
“CE 0 ¥ S BB srer
— E
*iiE 3 r -
| NOTE 2 SMC i

Figure 2. Standard AD570 Connections

BIPOLAR OPERATION

The standard unipolar 0 to +10V range is obtained by shorting
the bipolar offset control pin to digital common. If the pin is
left open, the bipolar offset current will be switched into the

comparator summing node, giving a -5V to +5V range with an
offset binary output code. (-5.00 volts in will give a 8-bit

Reprinted with permission of Analog Devices, Inc. Norwood MA 02062.

code of 00000000; an input of 0.00 volts results in an out-
put code of 10000000 and 4.96 volts at the input yields the
11111111 code.)

ZERO OFFSET

The apparent zero point of the AD570 can be adjusted by
inserting an offset voltage between the Analog Common of the
device and the actual signal return or signal common. Figure 3
illustrates two methods of providing this offset. Figure 3A
shows how the converter zero may be offset by up to +3 bits
to correct the device initial offset and/or input signal offsets.
As shown, the circuit gives approximately symmetrical ad-
justment in unipolar mode. In bipolar mode R2 should be
omitted to obtain a symmetrical range.

Figure 3B shows how to offset the zero code by 1/2LSB

to provide a code transition between the nominal bit weights.

INPUT
SIGNAL

SIGNAL COMMON

ZERO OFFSET ADJ
+3 BIT RANGE

Figure 3A.

SIGNAL common

/>BIT ZERO OFFSET

Figure 3B.

CONTROL AND TIMING OF THE AD570

There are several important timing and control features on
the AD570 which must be understood precisely to allow
optimal interfacing to microprocessor or other types of con-
trol systems. All of these features are shown in the timing
diagram in Figure 4.

The normal stand-by situation is shown at the left end of the
drawing. The BLANK and CONVERT (B & C) line is held
high, the output lines will be “open”, and the DATA READY
(DR) line will be high. This mode is the lowest power state
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of the device (typically 150mW). When the (B & C) line is PULSE BLANKS
. P DATA OUTPUTS

brought low, the conversion cycle is initiated; but the DR

and Data lines do not change state. When the conversion cycle

iscomplete (typically 25ms), the DR line goes low, and within

500ns, the Data lines become active with the new data.

About 1.5ms after the B fit C line is again brought high, the

DR line will go high and the Data lines will go open. When the

B fit C line is again brought low, a new conversion will begin.

The minimum pulse width for the B fit C line to blank previous

data and start a new conversion is 2ms. If the B & C line is

brought high during a conversion, the conversion will stop, and

the DR and Data lines will not change. If a 2ms or longer pulse

is applied to the B & C line during a conversion, the converter

will clear and start a new conversion cycle. Figure 4. AD570 Timing and Control Sequence
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APPENDIX:
THE VOTRAX PHONETIC
SPEECH DICTIONARY

General Description of the
SC-01 Chip

The SC-01 Speech Synthesizer is a completely self-contained,
solid-state device. This single chip phonetically synthesizes con-
tinuous speech of unlimited vocabulary from low data-rate
inputs.

Speech is synthesized by combining phonemes (the building
blocks of speech) in the appropriate sequence. The SC-01 con-
tains 64 different phonemes that are accessed by a 6-bit code.
The proper sequential combination of these phoneme codes cre-
ates continuous speech.

Phoneme Description

Figure 6.1 lists the 64 phonemes produced by the SC-01. Each
sound is represented by its Votrax phoneme code and is accom-
panied by its phoneme symbol and an example. The underlined
segment of the example word demonstrates the sound of the
phoneme.

Table 1 provides the phoneme sequences used to produce
vowel groups called dipthongs (2 vowel sounds in sequence
with a single sound).

Table 2 lists approximately 1400 words and their phoneme
sequences.
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TABLE 1: DIPHTHONG CHART

Phoneme Combination Key Words
A1-AY-Y fate, maid
AH1-EH3-Y find, wide
UH3-AH2-Y fight, white
AH1-13-UH3-L file, smile
01-UH3-Y foy, boy
01-13-UH3-L foil, spoil
AH1-02-U1 found, cow
UH3-AH2-U1 foust, house
01-U1 float, note
Y1-lU-U1 few, you, music
AY-11 fear, beer
Word Phonetic Program
Prefixes
con... K, UH1, N
dis... D 1, S
en... EH1, N
in... 11, N
non.. N, AH1, UH3, N
pre . P, R, EL
re... R. E1
un... UH1, N
Suffixes
...d D
...ed 12, D
..er ER
...es 12z
.Wful F, UH3, L
...ing 12, NG
...less L. EH2, S
Ly LY
...ment M, EH3, N, T
..ness N, EH3, S
.S S
. t(...ed) T
...tion (...sion) SH, UH3, N
...teen T, EL, Y, N
...ward W, ER, D

y Y
...z (...es) Z

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program

A Al, AY, Y angle AE1, EH3, NG, G, UH3, L

a-2 UH2, UH3 another UH1, N, UH1, UH3, THV, ER

able Al,Y, B, UH3, L answer AE1, EH3, N, S, ER

abort UH1, B, 02, 02, R, T any EH2, EH2, N, Y

about UH1, B, UH2, AH2, U1, T apostrophe UH1, P, AH1, UH3, S, T, R,

above UH1, B, UH1, UH3, V UH3, F, Y

accept EH1, K, PAO, S, EH1,EH3, P, T approach UH1,P, R, 01, U1, T, CH

access AE1, EH3, K, PAO, S, EH1, approve UH1, P, R, IU, U1, U1, V
EH3, S approximate UH1, P, R, AH1, K, PAO, S,

account UH1, K, AH1, UH3, W, N, T EH3, M, 13, T

acid AELl, EH3, S, 1 D approximate-2 UH1, P, R, AH1, K, PAO, S,

act AELl, EH3, K T EH3, M, A2, Y, T

active AELl, EH3, K, T, 11, V april Al Y, P, R, UH2, L

actual AE1, EH3, K, T, CH, Ul, UH3, L architect AH1, R, K, UH2, T, EH3, EH2,

add AE1l, EH3, D K T

address AE1l, EH3, D, Ft, EH1, EH3, S are (see “R" program)

ade (use "aid" program) area EH1, EH3, R, Y, UH1

adjust UH1, D, J, UH1, UH3, S, T arrive UH1, R, AH1, EHS3, Y, V

adjucent UH1, D, J, A1, AY, S, EH3, N, T arrow EH1, EH3, R, 01, U1

advance AE1, EH3, D, V, AE1, EH3, N, article AH1, R, T, EH3, K, UH3, L
T, S as AE1, EH3, Z

advise AEL, EH3, D, V, AHL1,EH3, Y, Z ASCII AE1l, EH3, S, K Y

affect UH1, F, EH1, EH3, K T ask AE1, EH3, S, K

after AE1l, EH3, F, T, ER assemble UH1, S, EH1, EH3, M, B, UH3, L

again UH1, G, A2, EH1, N asset AE1l, EH3, S, EH1, T

age Al, AY, Y, D, J assign UH1, S, AH1, EH3, Y, N

agent Al, Y, D,J, EH3, N, T assist UH1,S, 11, 13, S, T

ahead UH1, H, EH1, EH3, D associate UH1,S, 01, SH, Y, AL Y, T

aid Al, AY, Y, D associate-2 UH1,S, 01, SH, VY, 12 T

air EH2, EH2, R assume UHL1,S, IU, U1, M

alarm UH1, L, AH1, R, M at AE1, EH3, T

alert UH1, L ER, R T ate (see "eight" program)

all AW, L attach UH1, T, AE1, EH3, T, CH

allocate AELl, UH3, L, UH2, K, A1, Y, T attempt UH1, T, EH1, EH3, M, P, T

allow UH1, L, AH1, UH3, Ul attend UH1, T, EH1, EH3, N, D

alpha AE1l, AW2, L, F, UH1 audio AW, D, Y, 01, U1

already AW, L, R, EH1, EH3, D, Y august AW2, AW2, G, EH2, S, T

also AW, L, S, 01, U1 authorize AW2, AW2, TH, ER, AHL1,Y, Z

altitude AE1, UH3, L, T, 12, T, IU, U1, automatic AW2, AW2, DT, UH3, M, AE1,
ul, D EH3, DT, 13, K

aluminum UH1, L, IU, U1, M, 13, N, UH1, M available UH1,V, Al,Y, L, UH3, B,

am AE1l, EH3, M UH3, L

america UH1, M, EH1, R, 13, K, UH2, average AE1l, EH3, V, R, 11, D, J
UH3 avoid UH1,V, 01, UH3, 13, AY, D

amount UH1, M, AH1, UH3, W, N, T

amp AELl, EH3, M, P B B, E1, Y

amplify AE1, EH3, M, P, L, 13, F, AH1, back B, AE1, AE1, K
EH3, AY bad B, AE1, AE1, D

an AE1l, EH3,N badge B, AE1l, AE1, D, J

and AE1l, EH3, N, D bag B, AE1, AE1, G

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.



Word

balance
balll
band
bank
bar
base
basic
bat
batch
bath
battery
be

bed
been
beep
before
begin
bell
below
bend
best
beta
better
between
bid

big

bill
billion
bin
binary
birthday
bit

bite
black
blank
blew
blind
block
blown
blue
blur
board
bolt
bond
book
bored
boss
bother
bottom
bought

Phonetic Program

AE1, AH2, L, 13. N, DT, S
AW2, AW1, L

AE1, EH3, N, D
AE1, 13 NG, K

AH1, UH3, R

Al, AY, Y, S

Al Y, S, 12, K

AELl, EH3, T

AE1l, EH3, T, CH
AE1, AE1l, EH3, TH
AEl, EH3, T, ER, Y
se “B” program)
EH1, EH3, D

EH1, EH3, N

EL Y, P

Y, F, 02, 02, R

Y, G, 11, 13 N

EH1, UH3, L

Y, L, UH3, 02, U1
EH1, EH3, N, D
EH1, EH3, S, T

A2, A2, AY, T, UH2
EH1, EH3, T, ER

Y, T, W, EL Y, N
1, 13 D
G
L
L, Y, UH3, N

, 13 N
AH1,Y, N, EH3, EH3, ER, Y
ER, R, TH, D, A1, 13 Y
11,13, T
UH3, AH2, Y, T
AE1, EH3, K
AE1, EH3, NG, K
"blue" program)
, AH1, EH3, Y, N, D
AH1, UH3, K
, 01, UL, N
, U, U1, Ul
ER, R
01, 02, R, D
02, 02, L, T
AH1, UH3, N, D
001, 001, K
use “board" program)
AW1, AW2, S
AH1, UH3, THV, ER
AH1, UH3, T, UH1, M
AW1, AW2, T

PO IT I I IO DICODTOEODED DD

B

EEEE
BB
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[
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Word

box
brace
brain
brake
branch
bravo
break
bridge
brief
bright
bring
broke
brought
brown
bubble
budget
bug
build
bus
business
busy
but
button
buy

by

bye
byte

C

cable
calendar
calibrate

call

came
can
cancel
capable
capacitor

capacity

car
card

care
carpenter
carriage
carry
carton
case

APPENDIX D

Phonetic Program

AH1, UH3, K, PAO, S
Al Y, S

Al, Y, N

Al,Y, K

AE1, EH3, N, T, CH
AH1, UH3, V, 01, U1
"brake" program)

11, 13, D, J

AY, Y, F

UH3, AH2, Y, T

11, 13 NG

01, U1, K

AW, T

AH1, UH3, U1, N
UH1, UH2, B, UH3, L

, UH1, UH3, D, J, 12, T

, UH1, UH2, G

, 12,12, L, D

, UH1, UH2, S

, 13, 13, Z, N, EH2, S

NDIZD

(us

i
i
i
i
i
i
i

AXVOVDOVDDODO®DD0D0D

B
B
B
B
B
B

B
B
B
B
B
B
B
B
B
B
B
B
B
B, 13 12, Z, Y

B, UH1, UH2, T

B, UH1, UH3, T, EH3, N
B, AH1, EH3, 13 Y

B, AH1, EH3, 13 Y

B, AH1, EH3, 13 Y

(use “bite” program)

El, Y

Al,Y, B, UH3, L

AE1, UH3, L, 13, N, D, ER
AE1, UH3, L, UH3, B, R,
1LY T

AW2, AW1, L

Al,AY, Y, M

AE1, EH3, N

AE1, EH3, N, S, UH3, L
Al,Y, P, UH3, B, UH3, L
UH2, P, AE1, EH3, S, EH3,
ER

UH2, P, AE1, EHS3, S, 13,
.Y

AH1, UH3, R
AH1, R, D
EH3, EH3, ER
AH1, R P, 13 N, D, ER
EH2, EH3, R, 11, D, J
EH2, EH3, R Y
AH1,R T, 13 N
Al,AY, Y, S

DD DD Yo

ARAARARAARAAARNROARARARARARARARAIPPARARAO

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word

cash
cassette
cassette-2
category

catalog

caution
cent
center
centi
centigrade
certify
change
character
charge
Charlie
chart
check
cheer
chip
choice
circle
circuit
city
claim
class
clean
clear
clerk

clip
clock
close
close-2
cloud
coarse
code
coin
collar
collect
colon
color
column
combine
comma
command
commerce
commercial

communicate

THE COMMODORE 64 CONNECTION

Phonetic Program

AE1, EH3, SH

UH1, S. EH1, EH3, T

A2, AY, S, EH1, EH2, T
AE1, EH3, DT, UH3, G, 01,
Y

AE1, EH3, DT, UH3, L,

AW2, AW2, G

ARARARXARZRXRXoOAAAAAAARA OO OO O R

> AT R AR AR AR AR AR AR ARARARARARARAARAARAARARARARARARODnwnAAAAAAAR

AW2, AW1, SH, UH3, N
EH1, EH3, N, T
EH1, EH3, N, T, ER
EH1. EH3, N, T, 11, 13
EH1,N, T, 13 G, R, A1, Y, D
R, R T, 13, F, AH1,Y
CH, A1, AY, Y, N, D, J
EH1, R, EH1, K, T, ER
CH, AH1,R. D, J

CH, AH1,R L, Y

CH, AH1, R, T

CH, EH1, EH3, K

CH, AY, 12, R

11, 13, P

01, UH3, 13 AY, S

, AL AY, Y, M

, AE1, EH3, S

, E1, AY, N

AY, 13, R

ER, K

11, 13, P

AH1, UH3, K

UH3, 01, U1, Z
UH3, 02, U1, S

L, AH1, UH3, W, D

01, 02, R, S

001, 02, U1, D

01, UH3, 13, AY, N
AH1, UH3, L, ER

UHL1, L EH1, K T
001, 02, U1, L, 12, N
UH2, UH2, L, ER

AH1, UH3, L, UH3, M
UH2, M, B, AH1, EH3, Y, N
AH1, UH3, M, UH1
UH2, M, AE, EH3, N, D
AH1, UH3, M, ER, S
UH1, UH3, M, ER, SH, UHS3,

rrrrrrrrr

UH2, M, Y1, IU, U1, N, 13, K,

1,Y, T

Word

company
compare

compile

complete
comply

component

computer
conceal
condense
condition
confirm
confuse

. confusion

congratulations

connect
console
console-2
consult
consume
contain
continue

contract
contrast

control
convenient

copper
copy
correct
correspond

cosine
cost
could
count
country
couple
courage
course
court
cover
crane

Phonetic Program

K
K

P, EH3, N, Y
P, EH3, EH3,

UH1, UH3, M,
UH1, UH3, M,

ER

K,
13
K,
K,

UH1, UH3, M, P, AH1, EH3,
UH3, L

UH1, UH3, M, P
UH1, UH3, M, P,

L, AY, Y, T
L, AH1,

EH3, Y

K,

AARAARARARARRZ

1

ZH
K,

UH2, M. P, 02, 01, N, EH2,
T

UH1, M, P, Y1,1U, U1, T, ER
UH1, N, S, E1, AY, L

UH1, N, D, EH1, EH3, N, S
UH1, N, D, 11, 13, SH, UH3, N
UHL, N, F, ER, R M
UH1,N, F, Y1,1U, U1, U1, Z
UH1, N, F, Y1, IU, U1, U1,

, UH3, N

UH1, N, G, R, AE1, D, J,

UHS3, L, A1, AY, SH, UH3, N, Z

K,

UH1, N, EH1, EH3, K, T

, AH1, UH3,
, UH1, N, S,
, UHL, N, S,
, UH1, N, S

N, S, 01, U1, L
01, 02, L
UHL1, UH2, L, T
U, U1, Ul. M

AARARARAAR

ul
K

N, T, AL, AY, Y, N
11, 13, N, Y1, 1Y,

UH3, UH3,
UHL, N, T,

AH1, UH3, N, T, R, AE1l

EH3, K, T

K,

AH1, UH3, N, T, R, AE1

EH3, S, T

K,

AARAARARARARAARARAARARZARAARRARZRA

R, 01, 02, L
E1, N, AY, EH3,

UHL, N, T
UH2, N, V,
T

AH1, UH3,
AH1, UH3, P, Y

02, 02, R, EH1, EH3, K, T
01, R, 13, S, P, AH1, AH2,
D

01, U1, S, AHL,Y, N
AW2, AW1, S, T

U, IU, 001, D

AHL1, UH3, W, N, T
UHL,NT R Y

UH3, UH1, P, UH3, L

ER, R, 13, D, J

01, 02, R, S

01,02, R T

UH1, UH3, V, ER

R, A1, AY, Y, N

P, ER

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
crash K, R, AE1, EH3, SH delay D, 11, L, EH3, A1, Y
crease K, R E1, Y, S delete D, E1, L, EL Y, T
create K, R Y, AL, Y, T deliver DY, L 11, V, ER
creation K, R, Y, Al,Y, SH, UH3, N delta D, EH2, EH3, L, T, UH1
credit K, R, EH1, EH3, D, 11, T demand D, Y, M, AE1, EH3, N, D
crew K, R, IU, U1, U1 demonstrate D, EH1, M, UH3, N, S, T, R,
critical K, R, 11, T, 13 K, UH3, L Al, Y, T
cross K, R, AW, S deny D, Y, N, AH1, EH3, Y
crowd K, R, AH1, UH3, U1, D destroy D, Y, S T, R 01, UH3, 13 AY
cry K, R, AH1, EH3, 13, Y detail D, E T, EH3, AL, 13, UH3, L
cue (use "Q" program) determine DY, T,ER M, 11, N
cup K, UH1, UH2, P device D, Y, V, UH3, AH2, Y, S
curious K, Y, ER, Y, UHL, S dew (use "do" program)
current K, ER, R, EH3, N, T diagnostic D, AH1, AY, 13 G, N, AH1,
currency K, ER, R, 12 N, DT, S, Y UH3, S, T, 13, K
curse K, ER, R, S dial D, AH1, EH3, 13 UH3, L
curve K, ER, R, V dictionary D, 11, 13, K, SH, UH3, N, EH3,
customer K, UH1, UH2, S, T, UH1, M, ER EH3, ER, Y
cut K, UH1, UH2, T did D, 11, 13, D
cycle S, UH3, AH2, VY, K, UH3, L die D, AH1, EH3, Y

diet D, AH1, EH3, AY, 12, T
D D, E1, Y differ D, 11, 13, F, ER
daily D, AL, AY, Y, L Y difference D, 11, F, R, EH3, N, DT, S
damage D, AE1, EH3, M, 11, D, J different D, 11, F, R, EH3, N, T
danger D, A1, AY, Y, N, D, J, ER digit D 11,D J 1, T
dark D, AH1, R, K digital D, 11, D, J, 13 T, UH3, L
dash D, AE1, EH3, SH dime D, AH1, EH3, Y, M
data D, Al1,Y, DT, UH1 diode D, AH1, EH3, AY, 01, Ul D
date D, A1, AY, Y, T direct D, ER, EH1, EH3, K, T
day D, A1, 13 Y directory D, ER, EH1, EH3, K, T, ER, Y
dead D, EH1, EH3, F dirt D, ER, R T
dealer D, E1, AY, L, ER disagree D, 11, S, UH1,G, R E1, Y
dear D, AY, 13, R disappear D, 11, S, UH1, P, AY, 13 R
debit D, EH1,EH3, B, 12, T disconnect D, 11, S, K, UH1, N, EH1, EH3,
debt D, EH1,EH3, T K, T
december D, Y, S, EH1, EH3, M, B, ER discuss D, 11, 13 ' S, K, UH1, UH2, S
decide D, Y, S, AH1, EH3, Y, D disk D, 11, 13 S, K
decimal D, EH1, S, M, UH3, L display D, 11, 13 S, P, L A1, 13 Y
decision D, Y, S, 11, ZH, UH3, N distance D, 11, S, T, EH3, N, T, S
decline D, Y, K, L, AH1, EH3, Y, N divide D, 11, V, AH1, EH3, Y, D
decrease DY, K R E1Y,S dividend D, 11, V, 11, D, EH1, EH3, N, D
deduct D, Y, D, UH1, UH2, K, T division D, 11, V, 11, ZH, UH3. N
deep D, E1, Y, P do D, IU, U1, U1
deer (use "dear" program) dock D, AH1, UH3, K
defeat D Y, F E1,AY, T doctor D, AH1, UH3, K, T, ER
defend D, Y, F, EH1, EH3, N, D document D, AH1, K, Y1, UH3, M, EH3,
defensive D, Y, F, EH1, EH3, N, S, 11, V N, T
defer D, E1,F, ER, R does D, UH2, UH1, Z
deficit D, EH1,F 13 S, 11, T dollar D, AH1, UH3, L, ER
degree D, Y, G R ELY done D, UH1, UH3, N

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word

door
double
doubt
down
draft
draw
drill
drink
drive
drop
drum
dry
due
dump
duration
during
duty
dwell

E

each
ear
early
earn
east
easy
echo
edge
edit
educate
effect
efficient
effort
eight
eighth
eighty
either
electric
electrician

electronic

elevator
eleven
eligible

eliminate
else
emit
employ

Phonetic Program

01, 02, R

UH3, UH1, B, UH3, L
UH3, AH2, U1, T
AH1, UH3, U1, N
R, AE1, EH3, F, T
R, AW

R. 11, 13 L

R, 11, 13, NG, K

R, AH1, EH3, Y, V
R

R

, AH1, UH3, P
, UH1, UH2, M
R, AH1, EH3, 13/ Y
se “do” program)
UH1, UH2, M, P
ER, R, A1, Y, SH, UH3, N
ER, R, 11, NG
U, U1, UL, T,Y
W, EH1, EH3, L

UUDUUDU0DU0U00

—
~Ccd

UOOUOO

E1l,Y

E1, AY, T, CH

E1l, 12 R

ER, R L Y

ER, R, N

E1,AY, S T

E1,AY. Z, Y

EH1, EH3, K, 01, Ul

EH1, EH3, D. J

EH1,EH3, D, 12, T
EH1,D, J, U1, K, AL, Y, T
UH1, F, EH1,EH3, K T
E1l, F, 11, SH, EH3, N, T
EH2, EH3, F, ER, T

A2, A2, Y, T

A2, A2, Y, DT, DT, TH

A2, A2, Y, T, Y

E1,Y. THV, ER

EH3, L, EH1, K, T, R, 12, K
EH3, L, EH1, K, PAO, T. R 11,

SH, UH3, N
EH3, L, EH1, K, T, R, AH1, N,
12, K

EHI1, L, UH3, V, A2, AY, D, ER
EH1, L, EH1, EH3, V, 12 N
EH1, L, UH3, D. J, EH3. B,
UH3, L

EHL, L, 11, M, 11, N, AL, Y, T
EH1, EH3, L, S

Y, M, 11, 13, T

EH1, EH3, M, P, L, 01, UH3,
13, AY

Word

empty
enable
enclose
end
engine
engineer
endorse
english
enter
entry
epsilon
equal
equipment
erase
error
escape
escrow
establish

estate
estimate
exact

examine

exceed
except

exchange
execute
exempt

exit
expect

expedite
expend
experiment
exponent
express

extension

Phonetic Program

EH1, EH3, M, P, T, Y

EH1, N, A1,Y, B, UH3, L

EH1, EH3, N, K, L, 01. U1, Z
EH1, EH3, N, D

EH1, EH3, N, D, J, 11, N
EH1,N, D, J, 12, N, AY, 11, R
EH1, EH3, N, D, 02, 02, R, S
11, NG, G, L, 12, SH

EH1, EH3, N, T, ER

EH1,EH3, N, T, R Y

EH1, P, S, UH3, L, AH1, UH3, N
Y, K, W, UH3, L

E1, K W, IL. P, M, EH3, N, T
E1, R Al, Y. S

EH3, EH3, EH3, R, ER

EH1, EH3, S. K, AL, AY, Y, P
EH1, EH3, S, K, R, 01, Ul
UH1, S, T, AE1, EH3, B, L, 12,
SH

EH1, EH3, S, T, A1, AY, Y, T
EHL1,S, T, EH3, M. 13, T

EH1, EH3, G, PAO. Z. AEL.
EH3, K T

EH1, EH3, G, PAO, Z, AEL,
EH3, M, 11, N

EH1, EH3, K, PAO, S, E1, Y, D
EH1. EH3, K, PAO, S. EH1,
EH3, P, T

EH1, EH3, K, PAO. S, T, CH,
Al,AY,Y,N. D J

EH1, EH3, K, PAO, S, UH3, K,
Y1 Iy, UL, T

EH1, EH3, G, PAO, Z, EH1,
EH3, M, P, T

EH1, EH3, G, PAO, Z

EH1, EH3, K, PAO, S, P, EH1,
EH3, K, T

EH1, EH3, K. PAO, S
EH3, D, UH3, AH2, Y, T
EH1, EH3, K, PAO, S, P
EH3, N, D

EH1, K, PAO, S. P, EH1, R,
UH3, M, EH3, N, T

EH1, K, PAO, S. P. 02, 02, N,
EH3, N, T

EH1, EH3, K, PAO, S, P, R,
EH1, S

EH1, EH3, K, PAO. S, T, EH1,
EH3, N. SH, UH3, N

EH1, EH2, F

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax* 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
face F. A1, AY. Y, S foot F, 001, 001, T
facility F, UH2, S, 11, L, 13 T, Y for (use "four" program)
fact F, AE1,EH3, K, T fore (use "four" program)
fahrertheit F, EH1, R, 12, N, H, UH3, AH2, force F, 02, 02, R S
Y, T foreman F, 02, 02, R, M, EH2, N
fail F, A1, AY, 13 UH3, L forget F, 02, 02, R, G, EH1,EH3, T
fall F, AW, L forgive F, 02, 02, R, G, 11, 13, V
false F, AW, L, S form F, 02, 02, R, M
familiar F, UH1, M, 11, L, Y1, ER format F, 02, 02, R, M, AE1, EH3, T
far F, AH1, UH3, R forty F, 02,02, R T Y
farad F, EH3, EH3, ER, AE1, EH3, D forward F, 02, 02, R W, ER, D
fast F, AE1,EH3, S. T found F, AH1, UH3, W, N, D
fault F,AW L T four F, 01, 02, R
feat (use "feet" program) fourth F, 01, 02, R, TH
feature F. E1, AY, T, CH. ER fox trot F, AH1, UH3, K, PAO, S,
february F, EH1,B, Y1, IU  W. EH1, R Y T, R, AH1, UH3, T
federal F, EH1, EH3, D, R, UH3, L frame F, R, A1, AY, Y, M
fee F, E1, Y fraud F, R, AW, D
feed F. E1, Y, D free F, R E1, Y
feet F, EL Y, T french F, R, EH1, EH3, N, T, CH
female F, AY, Y, M, A1, AY, UH3, L frequency F, R, E1,K W, EH3, N, DT, S, Y
field F, E1, AY, UH3, L, D frequent F, R, E1, K, W, EH3, N, T
fifteen F, 11, 13 F, T, E1, Y, N friday F, R, AH1, EH3, Y, D, A1,13 Y
fifth F, 11, 13, F, TH fright F, R, UH3, AH2, VY, T
fifty F, 1, I3 F T, Y from F, R, UH1, UH3, M
file F, AH1, EH3, 13 UH3, L front F, R, UH3, UH1,N, T
fill F, 11, 13 L fruit F, R, IU, UL, T
final F, AH1,Y, N, UH3, L fuel F, Y1,IU, U1, UH3, L
finance F, AH1, EH3, Y, N, AE1, EH3, full F, 001, L
N, S function F, UH1, UH2, N, K, SH, UH3, N
find F, AH1, EH3, Y, N, D fund F, UH1, UH2, N, D
finger F, 11, 13, NG, G, ER furnace F, ER, R, N, EH3, S
finish F, 11, N, 11, SH further F, ER, R, THV, ER
fire F, AH1, EH3, AY, R future F, Y1,1U, U1, T, CH, ER
first F,ER, R S T
fit F. 11,13 T G D, J, E1, Y
five F, AH1, EH3, Y, V gage (use "gauge" program)
fix F, 11, 13 K, PAO, S gain G, AL AY, Y, N
fixture F, 11, 13, K, PAO, S, T, CH. ER gait (use "gate" program)
flash F, L, AE1, EH3, SH gallon G, AE1, AH2, L, UH3, N
flat F, L. AE1, EH3, T game G, A1, AY, Y, M
flight F, L, UH3, AH2, Y, T gamma G, AE1, EH3, M, UH2, UH3
flip F.L 1, 13P gap G, AE1, EH3, P
floor F, L, 01. 02, R garage G, UH1, R, AH1, UH3, zZH
flop F, L. AH1, UH3, P gas G, AE1, EH3, S
flow F, L, 01, U1 gate G, AL, AY,Y, T
fly F, L, AH1, EH3, Y gauge G, A1, AY, Y, D, J
fold F, 02,02, L1, D general D. J, EH1, EH3, N, ER, UH3, L
follow F. AH1, AW2, L, 01, Ul generate D, J, EH1, N, ER, A1, Y, T
food F, Ul, U1, D gentlemen D, J, EH1, EH3, N, T, L, M, 12, N

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.



238 THE COMMODORE 64 CONNECTION

Word Phonetic Program Word Phonetic Program

german D, J, ER, R, M, EH2, N hello H, EH1, UH3, L, UH3, 01, Ul

get G, EH1, EH3, T help H, EH1, EH3, L, P

girl G ER, R L henry H, EH1, EH3, N,R, Y

give G, 1, 13V her H, ER

glass G, L, AE1, EH3, S here (use "hear" program)

glitch G, L 11, 13 T, CH hertz H R RT, S

globe G, L, 01, U1, B hex H, EH1, EH3, K, PAO, S

go G, 001, 01. L1 high H, AH1.EH3, Y

golf G, AW2, AW2, UH3, L, F his H, 11,13, Z

good G, 001, 001, D hold H, 02, 02, L, L D

govern G, UH1, UH3, V, ER, N hole H,01.U1.L

grade G, R Al,AY, Y, D home H, 01, Ul, M

gram G, R, AE1, EH3, M hook H, 001, 001, K

grand G, R, AE1, EH3, N, D host H, 01.U1.S, T

graph G, R, AE1l, EH3, F hot H, AH1.UH3, T

grate (use “great" program) hotel H, 01, U1, T, EH2, EH2, L

gray (use "grey” program) hour AH1.UH3, W, ER

great G R ALY,T house H, UH3, AH2, U1, S

green G, R E1, Y, N how H, AH1,02, Ul

greet G R ELY,T human H, Y1,IU, U1, U1, M, EH2, N

grey G, R Al,AY, Y hundred H, UH1, UH2, N, D, R, 13, D

grind G, R, AH1, EH3, VY, N, D hungry H, UH1, UH2, NG, G, R, Y

grocery G, R 01, U1, S, ER, Y

ground G, R, AH1, UH3, W, N, D | AH1, EH3, 13, Y

group G, R Ul,U1,P idle AH1,Y, D, UH3, L

grow G, R 01, Ul idol (use "idle" program)

guard G, AH1,R, D if 11,13. F

guarantee G, EH1, R, 13, N, T, E1, Y immediate 11, 13 M, EI, D. Y, EH3, T

guess G, EH1, EH3, S important 11, 13 M. P, 02, 02, R, T, EH3,
N, T

H Al, AY, Y, T, CH improper 11,13 M, P, R, AH1, UH3, P, ER

had H, AE1, EH3, D improve 11,13 M, P. R, IU, U1, U1,V

half H, AE1, EH3, F in 11,13, N

halt H AW. L, T inch 11,13, N, T, CH

hammer H, AE1, EH3, M, ER include 11, 13 N, K, L, IU, U1, U1, D

hand H, AE1, EH3, N, D income 11, 13 N, K, UH1, UH3, M

handle H, AE1, EH3, N, D, UH3, L independent 11, N. D, El, P, EH2, EH3, N, D,

hang H, AE1, 13, NG EH3, N, T

happy H, AE1, EH3, P, Y index 11, 13, N, D, EH1, EH3, K, PAO, S

hard H, AH1,R, D india 12, 13 N, D, Y, UH2

has H, AE1, EH3, Z indicate 1, N, D, 13, K, A1, Y, T

have H, AE1, EH3, V industrial 11, 13 N, D, UH1, UH2, S, T, R,

he H. E1, Y AY, UH3, L

head H, EH1, EH3, D inform 11, 13 N, F, 02, 02, R M

hear H, AY, 13, R initial 11, 13 N, 11, SH, UH3. L

heart H, AH1, UH3, R T inn (use “in" program)

heat H, EI. AY, T input 11, 13 N, P, 001, 001, T

heavy H, EH1,V, Y inquire 11, 13, N, K, W, AH1, EH3, AY, R

height H, UH3, AH2, V¥, T insert 1, NS RRT

held H, EH1, UH3, L, D inspect 1, 13 N, S, P, EH1, EH3, K, T

Adapted from Phonetic Speech Dictionary for the SC'01 Speech Synthesizer, copyright Votrax* 1981. Reproduced by permission.



Word

install
instead
Instruct
instrument

insufficient

insurance
interest
interface
interpret
interupt
Intrude
Invalid
Invent
Inventory
invest
invoice
irregular
is

it

Item

J

jack
january

job
join
jolt
joy
judge
juliet
july
jump
june

K

keep

key
keyboard
kill

kilo

knew

knot

know
knowledge

L
lab
labor

Phonetic Program

, S, T, AW, L

zZ#

- Z

T

EmREER
T
w
4

rZl!
z&H
-z |,

&5
zz"

S
R, EH1,S, T

z
—

, UH3, UH1,

T
V.

Z
<

, EH1, N, T, 01,

& &
zz
<<

X
m
I

FEEBEREEEREEREEEER
&

: EBB

N zzz"

13T

AH2, UH3, Y, D, UH3,
D, J,EH3, A1, AY, Y
D, J,AEl, EH3, K

S, T, EH1, EH3, D
, S, T,R, UH1, UH2, K, T
S, T,R, UH1, M. EH1,

P,

, R IU, U1,U1,D
, AE1, AW2, I, 11, D
V, EH1, EH3, N, T

R,

, EH1, EH3, S, T
, 01, UH3, 13 AY, S
1,G, Y1, UH3, L, ER

M

D, J,AEL, EH3, N, Y1, Ul

EH3, EH3, ER, Y

J, AH1, UH3, B
J,01, UH3, 13 AY, N
J,02,02, L, T
J,01, UH3, 13 AY

J, UH1, UH2, D, J

J, UH1, L, AH1, EH3,
J, UH1, UH2, M, P
J,IU, Ul. UL, N

EH3, A1, AY, Y
E1.Y, P

E1.Y

AY, Y, B, 01, 02, R,
11, 13 L

El, AY, L, UH3,02,
(use "new” program)
(use "not" program)

(use "no" program)

N, AH1, UH3, L, 13, D, J

W a RN Yo R AvAvAviviviviviv]

EH1, EH3, UH3, L
L, AEL1.EH3, B
L, ALY, B, ER

J, IU, Ul, L, Y, EH2.EH3. T

Y

D

ul

, UH2, F, 11, SH, EH3,
H, ER, R, EH3, N, T, S

, T, ER, F, A1, AY, Y, S
T, ER, P, R, EH3, T
R

T

Y

Word

language
lapse
large
last
late
law
lead
led
left
leg
legal
lend
length
less
let
letter
level
life
light
like
lima
limit
line
linear
link
lip
liquid
list
listen
little
load
loan
local
lock
log
long
look
loss
lost
lot
low

M

machine

mail
maintenance

make
male
man

APPENDIX D

Phonetic Program

AE1, EH3, NG, G, W, 11, D,J
AE1, EH3, P, S
AH1, R D, J
AE1l, EH3, S, T
Al, AY, Y, T

AW

E1, Y, D

EH1, EH3, D
EH1,EH3, F, T
EH1, EH3, G

El, G, UHS3, L
EH1, EH3, N, D
EH1, EH3, NG, TH
EH1, EH3, S
EH1, EH3, T
EH1, EH3, T, ER
EH1, EH3, V, UH3, L
UH3, AH2, Y. F
UH3, AH2, Y, T
UH3, AH2, Y, K
AY, Y, M, UH1

3=
pE=
m
zTFk
>_°"—|
<=
<z
m
Pl

BEEEER

c
¢k
w
o
=
c
=
o

UH3, 01, U1, N
02, 02, K, UH3, L
AH1, UH3, K

AW, G

AW, NG

001, 001, K

AW, S

AW, S, T

AHL1, UH3, T

01, U1

EH1.EH2, M

M, UH2, SH, E1,Y, N

(use "male" program)

M. Al,Y, N, T, EH2,N, EH3, N,
DT, S

M, A1.AY, Y, K

M, A2, A2, AY UH3, L

M, AE1.EH3, N

Adapted from Fh]’mcm [i(timiyh‘tte&-Ol mm, copyright Votrax* 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
manage M, AE1, EH3, N, 11, D, J module M, AH1, UH3, D, J, IU, U1,
manual M, AE1, EH3, N, Y1, Ul, UH3, L UH3, L
manufacture M, AE1l, EH3, N, Y1, Ul, F, monday M, UH3, UH1, N, D, Al. 13, Y
AEL EH3, K T. CH, ER money M, UH3, UH1, N, AY, Y
many M, EH2, EH2, N, Y month M, UH3, UH1, N, TH
map M, AE1l, EH3, P more M, 02, 02, R
march M, AH1, R, T, CH morning M, 02, 02, R, N, 11, 13, NG
margin M, AH1, UH3, R, D, J, 12, N most M, 01, U1, S, T
mark M, AH1, R, K motor M, 01, U1, T, ER
market M, AH1, R, K, EH3, T mount M, AH1, UH3, W, N, T
match M, AE1, EH3, T, CH move M, U1, U1, V
mature M, UH1, T, CH, IU, ER Mr. M, 11, S, T, ER
maximum M, AE1l, EH3, K, PAO, S, EH3, Mrs. M, 11, S, 12, Z
M, UH2, M Ms. M, 11, 13, Z
may M, Al, 13, Y much M, UH1, UH2, T. CH
me M, E1, Y multi M, UH2, UH3, L, T, Y
measure M, EH3, EH1, ZH, ER multiple M, UH1, L, T, EH3, P, UH3, L
meat M, EI, AY, T multiply M, UH1, L, T, 13 P, L, AH1, Y
mechanical M, UH1, K, AE1, EH3, N, 13, K,
UH3, L N EH1, EH2, N
media M, E1, AY, D, Y, UH1 name N, A1, AY, Y, M
medicine M, EH2, EH3, D, 13, S, 11, N nano N, AE1, EH3, N, 01, U1
medium M, E1, D, AY, UH1, M national N, AE1l, EH3, SH, UH3, N,
meet (use "meat" program) UH3, L
mega M, EH1, EH3, G, UH2, UH3 native N, A1, Y, T, 11, V
member M, EH1, EH3, M. B, ER near N, AY, 11, R
memory M, EH1, EH3, M, ER, Y neat N, E1, AY, T
men M, EH1, EH3, N neck N, EH1, EH3, K
merchandise M, ER, T, CH, EH3, N, D. AH1, need N, E1,Y, D
EH3, Y, Z negative N, EH1, G, EH3, T, 11, V
merge M, ER, R, D, J net N, EH1, EH3, T
message M, EH1, EH3, S, 12, D, J neutral N, IU, U1, T, R, UH2, L
metal M, EH1, EH3, T, UH3, L new N, 1U, U1, Ul
meter M, E1,Y, T, ER next N, EH1, EH3, K PAO, S, T
micro M, UH3, AH2, AY, K R, 01, U1 nice N, UH3, AH2, Y, S
middle M, 11, 13, D, UH3, L nickel N, 11, 13, K, UH3, L
mike M, UH3, AH2, Y, K night N, UH3, AH2, Y, T
mile M, AH1, EH3, 13, UH3, L nine N, AH1, EH3, Y, N
mill M, 11, 13, L ninety N, AH1, EH3, Y, N, T, Y
milli M, 11, 13, L, UH3 nineth N, AH1,Y, N, DT, TH
million M, 11, 13, L, Y, UH3, N no N. 001, 01, U1
mini M, 12, 12. N, Y noise N, 01, UH3, 13 AY, Z
minus M, AHL1, Y, N, EH3, S none N, UH1, UH3, N
minute M, 11, N, EH3, T noon N, 1U, U1, Ul, N
miscellaneous M, 11, S, UH3, L, Al, AY, N, Y, normal N, 02, 02, R, M, UH3, L
UH3, S north N, 02, 02, R. TH
miss M, 11, 13, S not N, AH1, UH3, T
mistake M, 11, 13, S, T, A1, AY, Y, K note N, 01, U1, T
mode M, 01, U1, D nothing N, UH1, TH, 11, 13, NG
model M, AH1, UH3, D. UH3, L notice N, 01, U1, T, 11, S

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.



Word

notify
november

now
number
nurse
nut

0

oar
object
object-2

obligation

obsolete
october
odd

of

off
office
officia
often
ohm

oil

old
omega
omit

on

once
one
only
open
operable

operate
operator
option
or
orange
order
ore
original
oscar
other
ounce
out
oven
over
oxygen

Phonetic Program

N, 01, U1, T, 11, F. AH1, EH3, Y

N, 01, U1, V, EH1, EH3, M, B
ER

N, AH1, UH3, Ul

N, UH1, UH2, M, B, ER

N, ER, R, S

N, UH1, UH2, T

02, 01, U1

(use "or” program)
UH1, B, D, J, EH1, EH3, K T
AH1, UH3, B, D, J, EH2, EH2,
K T

AH1, B, L, 13, G, Al,Y, SH
UH3, N

AH1,UH3, B, S, UH3, L AY, Y, T

AH1, UH3, K, T, 01, U1, B, ER
AH1, UH3, D

UH1, UH3, V

AW, F

AW, F, 11, S

UH1, F, 11, SH, UH3, L
AW2, AW2, F, 13, N

02, 02, U1, M

01, EH3, 13, UH3, L

02, 02, LLL D

01, U1, M, A1, Y, G, UH2
01, Ul, M, 11, 13, T

AH1, UH3, N

W, UHL1, N, T, S

W, UH1, UH2, N

01, 02, N, L, Y

01, P, 12, N

AH1, UH3, P, ER. UH3, B, UH3

L

AH1, UH3, P. ER, A1, Y, T
AH1, UH3, P, ER, Al, Y, T, ER
AH1, UH3, P. SH, UH3. N

02, 02, R

02, 02, R, 1, N, D, J

02, 02, R, D, ER

(use "or" program)

02, R, 12,13 D, J. 13, N, UH3, L

AH1, UH3, S, K ER
UH1, UH3, THV, ER
AHI1, UH3, W, N, S

UH3, AH2, U1, T

UH1,V, 12, N

01, 02, V, ER

AH1, UH3. K, PAO, S. 13, D, J,
12, N

pack
package
paid
pain
pane
panel
papa
paper
parcel
paren
part
partial
pass
passed
past

pat
pattern
pause
pay

pea
peace
peak
peek
percent
period
permanent
person
personal
personality

phase
phone
pick
pico
piece
pint
pipe
place
plain
plan
plane
plant
play
please
plot
plus
pocket
point

APPENDIX D

Phonetic Program

01, UI, N

P, E1, Y

P, AE1l, EH3, K
P, AE1, EH3, K, 11, D, J
P, A1, AY, Y, D

P, A1, AY, Y, N

(use "pain” program)

P, AE1, EH3, N, UH3, L
P, AH1, UH3, P, UH3, UH3
P, A1, Y, P, ER

P, AH1, R, S, UH3, L

P, EH3, EH3, ER, 12, N
P, AHL, R, T

P, AH1, R, SH, UH2, L
P, AE1, EH3, S

(use "past" program)

P, AE1,EH3, S, T

P, AEL1, EH3, T

P, AE1, EH3, T, ER, N

P, AW, 2

P, A2, A2, AY, Y

(use “P" program)

(use "piece" program)

P, E1, AY, K

(use "peak™ program)

P, ER. S, EH1, EH3, N, T
11, R, Y, UH2, D

ER, M, EH2, N, EH1, N, T
ER, S, UH1, N

ER, S, UH3, N, UH2, L
ER, S, UH3, N, AE1, UH3,
13, T, Y

Al, AY, Y, Z

01, U1, N

11, 13, K

El, Y, K 02, U1

E1l, Y, S

AHL1,Y, N, T

UH3, AH2, Y, P

L, A1, AY, Y, S

se "plane" program)

, AE1, EH3, N

Al, AY, Y, N

AE1l, EH3, N, T
Al,13 Y

El, Y, Z

, AH1, UH3, T

, UH1, UH2, S

AH1, UH3, K, EH3, T
P, 01, UH3, 13, AY, N, T

rrrrrrr

'U'U'U'U'U'U'U'U"'U'U:U'U'U'U'l'l'l'll_'UU'UU'U

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
poke P, 01, U1, K progress P, R, AH1, UH3, G, R, EH1, S
police P, UH1, L, AY, Y, S profession P, R, UH1, F, EH1, EH3, SH,
plain (use "plane™ program) UH3, N
plan P, L, AE1, EH3, N profit P, R, AH1, UH3, F, 11, T
plane P, L, Al, AY, Y, N program P, R, 01, G, R, AE1l, EH3, M
plant P, L, AE1, EH3, N, T project P, R, AH1, UH3, D, J, EH2,
play P, L. A1, 13, Y EH2, K T
please P, L E1, VY. Z PROM P, R, AH1, UH3, M
plot P, L, AH1, UH3, T promote P, R, UH1, M, 01, U1, T
plus P, L, UH1, UH2, S propose P, R, UH1, P, 01, U1, Z
pocket P, AH1, UH3, K, EH3, T protect P, R, UH1, T, EH1, EH3, K, T
point P, 01, UH3, 13, AY, N, T public P, UH1, UH3, B, L, 13, K
poke P, 01, UIl, K pull P, 001, 001, L
police P, UHL, L, AY, Y, S pulse P, UH1, UH2, L, S
policy P, AH1, UH3, L, 13, S, Y punch P, UH1, UH2, N, T, CH
poor (use "pour" program) purpose P, R, R, P, EH2, S
pop P, AH1, UH3, P purchase P, R, R, DT, CH, 12, S
port P, 02, 02, R, T pure P, Y1, IU, ER
position P, UH1, Z, 11, SH, UH3, N push P, 001, IU, SH
positive P, AH1, UH3, Z, 11, T, 11, V put P, 001, 001, T
possible P, AH1, UH3, S, UH3, B, UH2, L
post P. 01, U1, S, T Q K, Y1, IU, U1, U1
potential P, 01, T, EH1, EH3, N, T, CH, qualify K, W, AW1, L, 11, F, AH1, EH3, Y
UH3, L quantity K, W, AH1, N, T, 13, T, Y
pound P, AH1, UH3, W. N, D quart K, W, 01, R, T
pour P, 01, 02, R quarter K, W, 01, R, T, ER
power P, AH1, UH3, W, ER quebec K, W, 11, B, EH1, EH3, K
practice P, R, AE1l, EH3, K, T, 11, S question K, W, EH1, EH3, S, T, CH,
premium P, R, AY, Y, M, Y, UH1, M UH3, N
prepare P, R, E1, P, EH1, EH3, R quick K, W, 11, 13, K
press P, R, EH1, EH3, S quiet K, W, AH1, EH3, AY, 12, T
pressure P, R, EH1, SH, ER quit K, W, 11, 13, T
prevent P, R, Y, V, EH1, EH3, N, T quiz K, W, 11, 13, Z
previous P, R, Y, V, Y, UHL, S quota K, W, 01, 02, T, UH1
price P, R, UH3, AH2, Y, S quote K, W, 01. U1. T
principal (use "principle” program)
principle P, R, 11, N, DT, S, UH3, P, R AH1, UH2, ER
UH3, L rail R, Al, AY, 13, UH3, L
print P, R, 11, 13, N, T rain R, A1, AY, Y, N
prior P, R, AH1, Y, ER raise R, Al, AY, Y, Z
priority P, R, AH1,Y, 01, R, 13, DT, Y range R, A1, AY, Y, N, D, J
private P, R, AH1, EH3, Y, V, 13, T radio R, Al,Y, D, Y, 01, Ul
probe P, R, 01, U1, B rate R, A1, AY, Y, T
problem P, R, AH1, UH3, B, L, UH3, M ratio R, A1, Y, SH, Y, 01, U1
procedure P, R, UH1, S, E1,D, J, ER reach R, E1,Y, T, CH
proceed P, R, 01, S, E1, Y, D read R, E1, Y, D
process P, R, AH1, UH3, S, EH1, EH3, S ready R, EH1, EH3, D, Y
produce P, R, UH1, D, IU, U1, U1, S real R, E1, AY, L
product P, R, AH1, UH3, D, UH1, UH2, reason R, E1,Y, Z, UH1, N
K T rebate R, E1,B, AL, Y, T

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.



Word

recall
receipt
receive
record
record-2
red

reel
refer
refuse
register
regular
rein
reject
relay
release
remain
remove
repair
repeat
replace
report
represent

request
require
requisition

rescue
resemble

reset
resistor
respect
respond
responsible

rest
restrict
result
resume
retail

retain
return
revision
revolve
ribbon
right
romeo
room

Phonetic Program

El, K, AW2, AW1, L
E1,S, AY, Y, T

E1,S, E1, Y,V

El, K, 02, 02, R, D
EH1, EH3, K, ER, D
EH1, EH3, D

se “real” program)

E1l, F, UH1, UH2, N, D
E1,F Y1, IU, Ul U1, Z
EH1, D, J, 11, S, T, ER
EH1, G, Y1, 1U, L, ER

Eaditedite dif < Jike SN S Sadite dite Jite

use "rain" program)

, El, D, J, EH1, EH3, K T
E1,L Al1,13 Y

, E1, L E1, AY, S

, E1, M, A1, AY, Y, N

, E1, M, Ul, U1,V

, El, P, EH2, EH2, R
E1,P, E1, AY, T

El, P, L, ALl AY, Y, S
E1,P, 02, 02, R, T
EH1, P, R, 12, Z, EH1, EH3,
T
E1l, K, W, EH1,EH3, S, T
El, K W, AH1, EH3, AY, R
, EH1, K, W, 12, Z, 11, SH,
UH3, N
R, EH1, EH3, S, K, Y1, IU, Ul
R, E1, Z, EH1, EH3, M, B
UH3, L

E1,S, EH1, EH3, T

El,Z 11, S, T, ER

E1,S, P, EH1, EH3, K, T

E1,S, P, AH1, UH3, N, D

12, S, P, AH1, UH3, N, DT,
UH3, B, UH3, L

EH1, EHS3, S, T

EI, S, T,R. 11, 13 K T
El, Z, UH1, UH2, L, T

El,Z 1U Ul U1, M

AY, EI, T, EH3, A1, 13
H3, L

E1, T, AL AY, Y, N

EI, T, ER, R, N

E1l,V, 11, ZH, UH3, N

El, V, AH1, UH3, L, V

12, 13, B, UH3, N

UH3, AH2, Y, T

01, U1, M, Y, 01, U1
R, Ul, U1, M

Lo v v -4 v B> v i v i v B v B s B v B> v B s B> v gl s B v B v B v ol o B v B> v B> s B> o o o

DV OVXVVODIODCHDODIODIDONIODDODIODID

Word

root
round
route
row
run
rush

S

safe

sail
salary
sale
same
Saturday
save
say
scan
scent
schedule
school
science
score
scrap
screw
sea

seat
second
secret
section
security
see
seize
select
sell

semi
semicolon

send
sent
sentence
separate

separate-2
September

sequence
serial
series
service
set

APPENDIX D

Phonetic Program

, U1, U1, T

, AH1, UH3, W, N, D
, UH2, AH2, U1, T

, 01, U1

, UH1, UH3, N

, UH1, UH2, SH

X0V DODIOD

EH1, EH2, S

S, A1, AY, Y, F

(use "sale™ program)

S, AE1, AH2, L, UH3, R, Y
S, Al, A2, AY, UH3, L

S, Al. AY, Y, M

S, AE1, EH3, T, ER, D, Al, Y
S, Al, AY, Y, V

S, Al1,13, Y

S, K, AE1, EH3, N

(use "cent” program)

S, K, EH1, EH3, D, J, IU, U1, L
S, K, U1, UL, L

S, AH1, 13 Y, EH3, N, DT, S
S, K 02,02, R

S, K, R, AE1, EH3, P

S, K, R, IU, U1, U1

(use "C" program)

S, E1,AY, T

S, EH1, EH3, K, UH1, N, D
S, E1,K R, 13, T

S, EH1, EH3, K, SH, UH3, N
S, EH1, EH3, K Y, ER, 11, T, Y
(use "C" program)

, E1, Y, Z

, UHL1, L, EH1, EH2, K T

, EH1, EH3, L

, EH1, M, AH1, Y

, EH1, M, AH1,Y, K 001,
01, L, 12, N

S, EH1, EH3, N, D

(use "cent" program)

S, EH1, N, T, 12, N, DT, S

S, EH1, EH3, P, UH1, R, Al
AY, T

S, EH1,EH3, P, R, 12, T

S, EH1, EH3, P, T, EH1, EH3
M, B, ER

S, El, K, W, EH1, EH3, N, S
S, 11, R, Y, UH3, L

S, 1, R, Y, Z

S, ER, V, 11, S

S, EH1,EH3, T

nwununmnn

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax* 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program

seven S. EH1, EH3, V, 12, N speed S, P, E1, Y, D

seventh S, EH1, EH3, V, 12, N, DT, TH speech S, P, E1,Y, T, CH

seventy S, EH1,V, 12, N, D, Y spell S, P, EH1, EH3, L

several S, EIH1, V, ER, UH3, L spend S, P, EH1, EH3, N, D

sew (use ‘so” program) split S, P, L 11 13 T

share SH, EH3, EH3, ER spoon S, P, Ul, U1, N

sharp SH, AHL1, R, P spring S, P, R, 11, 13, NG

shift SH, 11, 13, F, T square S, K, W, EH1, R

ship SH, 11, 13, P stack S, T, AE1, EH3, K

shop SH, AH1, UH3, P stair (use "stare™ program)

short SH, 02, 02, R, T stand S, T, AE1l, EH3, N, D
should SH, U, IU, IU, D standard S, T, AE1, EH3, N, D, ER, D
shunt SH, UH1, UH2, N, T star S, T, AH1, UH3, R

shut SH, UH1, UH2, T stare S, T, EH3, EH3, ER

side S, AH1, EH3, Y, D start S, T, AHL, R, T

sierra S, E1, 13 EH1, R, UH1 state S, T, ALLAY, Y, T

signal S, 11, 13, G, N, UH3, L station S, T, A1, Y, SH, UH3, N
silver S, 11, 13, L, V, ER status S, T, AE1, EH3, T, 12, S
single S, 11, 13, NG, G, UH3, L steal (use “steel™ program)

six S, 11, 13, K, PAO, S steel S, T, EL, VY, L

sixth S, 11, 13, K, PAO, S, TH step S, T, EH1, EH3, P

sixty S, 11, 13, K, PAO, T, Y stick S, T, 11, 13, K

size S, AH1, EH3, Y, Z stock S, T, AH1, UH3, K

skin S, K, 11,13, N stop S, T, AH1, UH3, P

sky S. K, AH1, EH3, 13, Y store S, T,02, 02, R

slang S, L, AE1, EH3, NG strait (use "straight" program)
slash S, L, AE1, EH3, SH straight S, T, R, ALLAY, Y, T

slave S, L, ALl LAY, Y,V street S, T,R, EL, Y, T

slip S, L 11, 13, P stress S, T, R, EH1, EH3, S

slow S, L 01, U1 string S, T, R, 11, 13, NG

small S, M, AW, L structure S, T, R, UH1, K, T, CH, ER
smell S, M, EH1, EH3, L style S, T, AH1, EH3, AY, UH3, L
smile S, M, AH1, EH3, 13, UH3, L subject S, UH1, UH2, B, D, J, EH1,
smoke S, M, 01, U1, K EH3, K, T

snow S, N,001, 02, U1 substitute S, UH1,UH3, B, S, T, 13, T, Iy,
S0 S, 001, 02, Ul Ui, T

soft S, AW, F, T subtract S, UH1, UH2, B, T, R, AE],
sold S, 02,02, LLL D EH3, K T

solid S, AH1, UH3, L, 11, D sufficient S, UH1, F, 11, SH, EH3, N, T
son (use “sun” program) suggest S, UH1, UH2, G, D, J, EH1,
some (use “sum™ program) EH3, S, T

sorry S, AW, R, Y suit S, Iy, UL, T

sort S,02,02, R, T suite S, W, AY, Y, T

sound S, AH1, UH3, W, N, D sum S, UH1, UH2, M

source S, 01, 02, R, S summary S, UH2, UH2, M, ER, Y
south S, AH1, UH3, U1, TH summer S, UH1, UH2, M, ER

space S, P, AL, AY, Y, S sun S, UH1, UH2, N

spark S, P, AH1, R, K Sunday S, UH1, UH2, N, D, A1,13, Y
speak S, P, E1, AY, K super S, IU, U1, P, ER

special S, P, EH1, EH3, SH, UH3, L supply S, UH2, P, L, AH1,Y

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
surface S, ER, F, 12, S toilet T, 01, EHS3, 13, L, 13, T
surge S, ER, R, D, J toll T,02, 02, 001, L
surgery S, ER, D, J, ER, Y tomorrow T, U1, M, AH1, R, 01, Ul
surgical S, ER, D, J, UH3, K, UH3, L ton T, UH1, UH2, N, N
surplus S, ER, P, L, UH1, S tone T, 01, U1, N
suspend S, UH1,S, P, EH1, EH3, N, D too (use "two" program)
sweep S, W, EI, Y, P tool T, Ul,Ul, L
sweet (use “suite” program) total T, 01, U1, T, UH3, L
switch S, W, 11, 13, T, CH touch T, UH.1, UH3, T, CH
syntax S, 11, N, T, AE1, EH3, K, PAO, S towel T, AH1, W, UH3, L
system S, 11, S, T, UH3, M trace T, R, A1 LAY, Y, S
trade T, R, A1, AY, Y, D

T T, E1, AY, Y train T, R, A1, AY, Y, N
table T, A1,Y, B, UH3, L transact T, R, AE1, EH3, N, S, AE1,
tail (use “tale" program) EH3, K, T
tale T, A1,Y, UH3, L transfer T, R, AE1, EH3, N, S, F, ER
talk T, AW, K transistor T, R, AE1,N, Z 11, S, T, ER
tangent T, AE1, EH3, N, D, J, EH3, N, T transmit T, R, AE1,EH3, N, Z, M, 11, 13, T
target T, AH1, UH3, R, G, 12, T transport T, R, AE1,EH3, N, S, P, 02,
tea (use “T” program 02, R, T
team T E1, Y, M transportation T, R, AELl, N, S, P, ER, T, AL,
technical T, EH1, EH3, K, N, 13, K, UH3, L AY, SH, UH3, N
tee (use "T" program) travel T, R, AEL1l. EH3, V, UH3, L
temperature T, EH1, EH3, M, P, ER, UH1, T, triangle T, R, AH1, 13, AE1, EH3, NG,

CH, ER G, UH3, L
ten T, EH1, EH3, N trouble T, R, UH3, UH1, B, UH3, L
terminal T, ER. M, EH3, N, UH2, L truck T, R, UH1, UH2, K
test T, EH1,EH3, S, T true T, R, IU, U1, Ul
than THV, EH1, EH3, N trust T, R, UH1, UH2, S, T
the THV, UH1, UH3 try T, R, AH1, EH3, 13, Y
then (use “than" program) tuesday T, IU, U1, U1, Z, D, Al, Y
theory TH, AY, 12, R, Y tune T, 1U, U1, U1, N
thin TH, 11, 13, N turn T, ER, R, N
thing TH, 11, 13, NG twelve T, W, EH1, EH3, UH3, L, V
think TH, 11, 13, NG, K twenty T, W, EH1, EH3, N, T, Y
third TH, ER, R, D two T, IU, U1, U1
thirteen TH, ER, T, T, E1, Y, N type T, UH3, AH2, Y, P
thirty TH, ER, R, D, Y
thousand TH, AH1, UH3, U1, Z, EH3, N, D U Y1, IU, U1, Ul
three TH, R, E1, Y ultra UH3, UH2, L, T, R, UH1
threw (use "through” program) under UH2, UH2, N, D, ER
through TH, R, 1U, Ul uniform Y1,IU, U1, N, 13, F, 01, R, M
thursday TH, ER, R, Z, D, A1,13 Y until UH2, UH2, N, T, 11, 13, L
ticket T, 11, 13, K, EH3, T up UH1, UH2, P
till T, 11, 13, L urgent R, R, D J, 13 N, T
time T, AHL1, EH3, Y, M us UH1, UH2, S
tire T, AH1, EH3, AY, R use Y1, IU, U1, U1, Z
title T, UH3, AH2, Y, T, UH3, L use-2 Y1,1U, U1, S
to (use "two" program)
today T, Ul, D, A1, 13 Y \Y V, E1, AY, Y

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.
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Word Phonetic Program Word Phonetic Program
vacant V, A1, V, K, EH3, N, T wire W, AH1, EH3, AY, R
valid V, AE1, UH3, L, 11, D with W, 11, 13, TH
vary (use "very" program) withdraw W, 11, 13, TH, D, R, AW
value V, AE1, EH3, L, Y1, IU, Ul without W, 11, 13, TH, UH2, AH2, U1, T
vendor V, EH1, EH3, N, D, ER won (use "one"™ program)
vent V, EH1, EH3, N, T word W, ER, R, D
verify V, EH1, R, 13, F, AH1, EH3, Y work W, ER, R, K
very V, EH1, R, Y write (use "right" program)
via V, E1, AY, UH2, UH3 wrong R, AW, NG
victor V, 11, 13, K, T, ER
voice V, 01, UH3, 13, AY, S X EH1, EH2, K, PAO, S
void V, 01, UH3, 13, AY, D X-ray EH1, EH2, K, PAO, S, R, Al,
volt V, 02,02, L T 13, Y
volume V, AH1, UH3, L, Y1,1IU, U1, M
Y W, AH1, EH3, 13, Y
w D, UH1, B, UH3, L, Y1, IU, U1 yankee Y1, AE1, EH3, NG, K, E1, Y
wage W, Al, AY, Y, D, J yard Y1, AH1, R, D
wait W, A1, AY, Y, T year Y1, AY, 13, R
want W, AH1, UH3, N, T yellow Y1, EH1, EH3, L 01, U1l
was W, UH1, UH3, Z yes Y1, EH3, EH1,S
wash W, AW, SH yesterday Y1, EH3, EH1, S, T. ER, D, Al,
water W, AH1, UH3, T, ER 13, Y
watt W, AH1, UH3, T yet Y1, EH1, EH3, T
wave W, Al, AY, Y, V you (use “U" program)
way (use "weigh" program) your Y, 02. 02, R
we W, E1, Y you're (use "your" program)
weak (use "week" program)
weapon W, EH2, EH2, P, UH1, N z Z, El1, Y
wear (use “where” program) zap Z, AE1, EH3, P
Wednesday W, EH1, N, Z, D, A1,13, Y zero Z, AY, 11, R, 01, U1
week W, E1, Y, K zone Z, 01, UI, N
weigh W, A2, A2, Y zulu Z, IU, UL, L, Iy, U1
weight (use “wait" program)
went W, EH1, EH3, N, T
west W, EH1, EH3, S, T
wet W, EH1, EH3,T
what W, UH3, UH1, T
wheel W, E1, Y, L
when W, EH1, EH3, N
where W, EH3, A2, EH3, R
which W, 11, 13, T, CH
while W, AH1, EH3, 11, UH3, L
whiskey W, 11, 13, S, K, AY, Y
white W, UH3, AH2, Y, T
who H, 1U, U1, Ul
whole (use "hole” program)
why (use "Y” program)
will W, 11, 13, L
window W, 11, N, b, 01, U1
winter W, 11, 13, N, T, ER

Adapted from Phonetic Speech Dictionary for the SC-01 Speech Synthesizer, copyright Votrax® 1981. Reproduced by permission.



APPENDIX:
LIST OF VENDORS

You can receive information concerning the prices and avail-
ability of the various hardware devices described in this book
by writing to the outlets listed below. The list is not meant to be
exhaustive.

TTL components (logic gates, inverters, latches, etc.):

Jameco Electronics
1355 Shoreway Rd.
Belmont, CA 94002

Quest Electronics
PO Box 4430
Santa Clara, CA 95054

CMS 1/0O board for the Commodore 64:

Creative Microprocessor Systems, Inc.
PO Box 1538
Los Gatos, CA 95030



AC (alternating current) appli-
ance, 202
AD558, 187-190, 192, 194, 196-
200, 218-224
AD570, 165, 225-229
ADC. See Analog-to-digital con-
version; Analog-to-digital
converter
Address lines, definition, 71
AF (audio feedback), 129
Alarms, masking off, 109-110
Analog electronics, 149
Analog events, 146-147, 202
Analog systems, 10
Analog transducer, 157-158
Analog voltage, 149, 161-165,
202
Analog-to-digital
155-176, 202
block diagram, 156-158
software, 169-172
Analog-to-digital converter, 158-
169, 173-175
calculating digital outpults,
161-165
connecting, 165-169
practical applications, 174-
175
voltage ranges, 159

conversion,

AO (audio output), 129
A/R (acknowledge/request), 128-
129

output line, 132, 137
Audio feedback (AF), 129
Audio output (AO), 129

BA (bus available) line, 74, 76,
85, 193

Band-gap reference, 183

Barometer, 175

Base-10 number system, 13

Base-2 number system, 13

BASIC, 17, 203. See also PEEK
statements; POKE state-
ments; Programs

Binary, definition, 203

Binary digit. See Bit

Binary logic, 11

Binary notation, 11

Bipolar voltage range, 159

Bit, 11, 12, 203

BOARD STROBE signal, 74-75

Buffers, tri-state, 83

enabling, 85-87
Byte, 12-13, 203

CB (current source for Class B),
130



Central processing unit (CPU), 6
Circuits
connecting an ADC, 166
connecting a DAC, 190-192,
200
connecting doors and win-
dows, 95, 100
connecting the SC-01, 131-
132
for driving LED, 79
for inputting data, 83
for outputting data, 76
Class B amplifier, 130
CMS (Creative Microprocessor
Systems) 1/0 system, 17
installing, 18-21
CMS 1/O board, 17-18
input section, 45-46
lighting LEDs of, 31-41
CMS-641 circuit board, 19
CMS-642 circuit board, 20, 31
Color memory map, 113-114
Combination lock program, 63-
65
Commodore 64 Programmer’s
Reference Guide, 22
Computer control, 1-15, 203
definition, 3
example, 4-5
Continuity light, 97
Control logic, 183
Current source for Class B (CB),
130

DAC. See Digital-to-analog con-
version; Digital-to-analog
converter

Data, definition, 11, 203

Data bytes, 13

Data words, 13

Debugging tool, 106, 109

INDEX 249

Digital, definition, 8, 10
Digital circuits, 149
Digital computers, 10
Digital data, 11
Digital electronics, 149-150
Digital events, 147-149
Digital input block, 187
Digital systems, 10
Digital transducer, 157
Digital-to-analog  conversion,
179-201, 203
Digital-to-analog converter, 187-
200
connecting, 190-193
increasing output drive,
196-200
setting output voltage, 193-
196

Digital weights and voltages,
161-165

DIP (dual in-line package)
switch, 81

Direct memory access (DMA),
44

Doors
monitoring status of, 90,
101-106
wiring, 93-105
See also Home-security sys-
tem
Drawing the house program,
90-93

Enable circuit, 70-72

Enable lines, 24

External card data (XCD), 81
External output strobe, 74

Floppy disk, 204
Floppy-disk drives, 7
Flowchart, 204
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Ground lines, 96

Handshaking systems, 44
Hardware
simulation, 106-109
switch box, 108
Home security system, 4-5, 8,
89-119
alarms, masking off, 109-
110
complete program, 110-119
simulation program, 106-

verifying switches, 97-101
wiring doors and windows,
93-105
House, drawing program, 90-93

I/O (input/output)
definition, 7, 204
hardware, 6-7, 69-86
voltage levels, 10

I/O address, 204

I/0 enable lines, 24

I/O expansion slot, 18, 204
pinout, 71

Input, 204
hardware, 80-86
software, 46

Input lines
calculating logical values,

50-58

Input strobe, 76

Inputting information, 6, 43-67
examples, 58-65
See also PEEK statement

Integrated circuit (IC), 19, 205

Latch, 74-76, 205

THE COMMODORE 64 CONNECTION

Least significant bit (LSB), 13
Light-emitting diode (LED), 31,
77-80, 205
counting program, 37-39
lighting programs, 32-37
traveling light program, 39-
40

Logic symbols, 212-213
Logical 0, 11, 27, 205
Logical 1, 11, 27, 205

MCRC (master clock resistor-
capacitor), 129

MCX (master clock external),
129

Memory map, 113-114

Moisture measurement, 175

Most significant bit (MSB), 13

NAND gate, 85
Nibble, 13, 205
Number systems, 13

Ohmmeter, 97

Operational amplifier (op-amp),
198

OR gate, 72

Output, 205

hardware, 70-80

Output latches, 74-76

Output lines, setting voltage, 27

Output port, 205

Output strobe, 74

Outputting information, 6-7,
17-41. See also POKE
statement

Parallel bits, 13
Parallel nibbles, 13-14



PC boards, 18
PEEK address, 205
PEEK statement, 46-50, 205
calculating the bits, 50-58
interpreting input lines,
101-106
Peripherals, 6
PHASE 2 clock line, 74, 205
Phoneme code, 128
Phoneme speech
(PSS), 122
Phonemes
definition, 122
dipthong chart, 231
pitch, 128
selecting correct, 124-125
speech dictionary, 232-246
strobe, 128
POKE address, 22-23, 205
POKE statement, 22-31, 205
data calculation, 25-31
Pressure transducer, 8, 151, 157
Printed circuit (PC) boards, 18
Printer, 7
Programs
alarms, masking off, 109-
110
analog-to-digital conversion,
169-174
checking logical values, 50-
61

synthesis

combination lock, 63-65

digital-to-analog conversion,
196-197

drawing a house, 90-93

home-security system, 110-
119

input to 1/0 address, 47-50

LED, counting, 37-39

LED, lighting, 32-37

Logical value (0, 1) setting,
29-31

INDEX 251

Programs, continued
print a message, 61-63
simulation , door and win-
dow monitoring, 107-109
temperature measurement,
172-173
voice synthesis, 134-143

READ/WRITE (RW) line, 72-
74, 207

Resistance, measurement, 97

Resistance-capacitance, 129

Revolutions-per-minute trans-
ducers, 8

SC-01 chip. See Votrax SC-01
chip
74LS , definition of, 206
Schematic, reading a, 208-213
Screen memory map, 113-114
Simulation program (doors and
windows), 106-109
Sound detection, 175
Speech dictionary, 232-246
Speech synthesis, 121-143
Static electricity, 18
STB (strobe for phoneme code),
128
Strobe
input, 76
output, 74
phoneme code, 128
Switch box, 108
Switches, wiring of, 93-97

Tape-cassette recorders, 7

Temperature measurement sys-
tem, 172-174

Temperature transducer, 8, 151
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Transducers, 9, 207, 150-152
analog and digital, 157
definition, 8
types of, 8

Transistor-transistor Logic

(TTL), 11, 82, 207

Tri-state buffer, 83
enabling, 85-87

TTL circuits, 214-217

Unipolar voltage, 159, 182
User Port, 18

Video memory, 113-114
Voice synthesis, 121-143
Voltage levels, 10, 11
Votrax Phonetic Speech Dictio-
nary, 230, 232-246
Votrax SC-01 chip, 122, 230
A/R line (acknowlege/
request), 128
AF (audio feedback), 129
AO (audio output), 129
CB (current source for Class
B), 130
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Votrax SC-01 Chip, continued

connecting to Commodore
64, 130-131

controlling, 132-143

MCRC (master clock
resistor-capacitor), 129
MCX (master clock exter-
nal), 129

phoneme code, 128

pinout, 125, 127

pitch, 128

power supply, 126

STB (strobe for phoneme
code), 128-129

Wind direction, 175
Windows
monitoring status of, 90,
101-106
wiring, 93-105

XCD (external card data), 81



Selections from
The SYBEX Library

Introduction to
Computers

OVERCOMING COMPUTER FEAR
by Jeff Berner

112 pp., illustr., Ref. 0-145

This easy-going introduction to com-
puters helps you separate the facts from
the myths.

COMPUTER ABC'S

by Daniel Le Noury and

Rodnay Zaks

64 pp., illustr., Ref. 0-167

This beautifully illustrated, colorful book
for parents and children takes you alpha-
betically through the world of computers,
explaining each concept in simple
language.

PARENTS, KIDS, AND
COMPUTERS

by Lynne Alper and Meg Holmberg
208 pp., illustr., Ref. 0-151

This book answers your guestions about
the educational possibilities of home
computers.

THE COLLEGE STUDENT'S
COMPUTER HANDBOOK

by Bryan Pfaffenberger

350 pp., illustr., Ref. 0-170

This friendly guide will aid students in
selecting a computer system for college
study, managing information in a college
course, and writing research papers.

COMPUTER CRAZY
by Daniel Le Noury
100 pp., illustr., Ref. 0-173

No matter how you feel about computers,
these cartoons will have you laughing
about them.

PROTECTING YOUR COMPUTER
by Rodnay Zaks

214pp., 100 illustr., Ref. 0-239

The correct way to handle and care for all
elements of a computer system, including
what to do when something doesn’t work.

YOUR FIRST COMPUTER

by Rodnay Zaks

258 pp., 150 illustr., Ref. 0-045

The most popular introduction to small
computers and their peripherals: what
they do and how to buy one.

SYBEX PERSONAL COMPUTER
DICTIONARY

120 pp., Ref. 0-067

All the definitions and acronyms of micro-
computer jargon defined in a handy
pocket-sized edition. Includes translations
of the most popular terms into ten
languages.

FROM CHIPS TO SYSTEMS:

AN INTRODUCTION TO
MICROPROCESSORS

by Rodnay Zaks

552 pp., 400 illustr., Ref. 0-063

A simple and comprehensive introduction
to microprocessors from both a hardware
and software standpoint: what they are,
how they operate, how to assemble them
into a complete system.



Personal
Computers

Commodore 64/VIC-20

THE COMMODORE 64"/VIC-20™
BASIC HANDBOOK

by Douglas Hergert

144 pp., illustr., Ref. 0-116

A complete listing with descriptions and
instructive examples of each of the Com-
modore 64 BASIC keywords and func-
tions. A handy reference guide, organ-
ized like a dictionary.

THE EASY GUIDE TO YOUR
COMMODORE 64™

by Joseph Kascmer

160 pp., illustr., Ref. 0-129

A friendly introduction to using the Com-
modore 64.

THE BEST OF COMMODORE 64™
SOFTWARE

by Thomas Blackadar

150pp., illustr., Ref. 0-194

Save yourself time and frustration with this
buyer’'s guide to Commodore 64 soft-
ware. Find the best game, music, educa-
tion, and home management programs
on the market today.

YOUR FIRST COMMODORE 64™
PROGRAM

by Rodnay Zaks

182 pp., illustr., Ref. 0-172

You can learn to write simple programs
without any prior knowledge of mathe-
matics or computers! Guided by colorful
illustrations and step-by-step instructions,
you'll be constructing programs within an
hour or two.

YOUR SECOND

COMMODORE 64™ PROGRAM

by Gary Lippman

250 pp., illustr., Ref. 0-152

A sequel to Your First Commodore 64 Pro-
gram, this book follows the same patient,
detailed approach and brings you to the
next level of programming skill.

COMMODORE 64™ BASIC
PROGRAMS IN MINUTES

by Stanley R. Trost

170 pp., illustr., Ref. 0-154

Here is a practical set of programs for
business, finance, real estate, data an-
alysis, record keeping and educational
applications.

GRAPHICS GUIDE TO THE
COMMODORE 64™

by Charles Platt

192 pp., illustr., Ref. 0-138

This easy-to-understand book will appeal
to anyone who wants to master the Com-
modore 64’s powerful graphics features.

Software and
Applications

Operating Systems

THE CP/M® HANDBOOK

by Rodnay Zaks

320 pp., 100 illustr., Ref 0-048

An indispensable reference and guide to
CP/M—the most widely-used operating
system for small computers.

MASTERING CP/M®

by Alan R. Miller

398 pp., illustr., Ref. 0-068

For advanced CP/M users or systems
programmers who want maximum use of
the CP/M operating system . . . takes up
where our CP/M Handbook leaves off.

THE BEST OF

CP/M® SOFTWARE

by John D. Halamka

250 pp., illustr., Ref. 0-100

This book reviews tried-and-tested, com-
mercially available software for your
CP/M system.



REAL WORLD UNIX™

by John D. Haiamka

250 pp., illustr. 0-093

This book is vs'-e- "-Tie beginning anc
intermediate UNIX user in a practical.
straightforwara —aroer, with specific
instructions g .e* ior many special
applications.

Business Software

INTRODUCTION TO
WORDSTAR™

by Arthur Naiman

202 pp., 30 illustr Re? CK177

Makes it easy to ea-~ "ow to use Word-
Star, a powerful wore c'ocessing pro-
gram for personal computers.

PRACTICAL WORDSTAR™ USES
by Julie Anne Area

200 pp., illustr., Ref. 0-107

Pick your most time-co”s-~ing office
tasks and this book w sfxM you how to
streamline them with Word&a'.

THE ABC"S OF 1-2-3"

by Chris Gilbert

225 pp., illustr., Ref. 0-168

For those new to the LOTUS 1-2-3 pro-
gram, this book offers s:ec-oy-step
instructions in mastering its spreadsheet,
data base, and graphing capacities.

UNDERSTANDING dBASE I

by Alan Simpson

220 pp., illustr., Ref. 0-147

Learn programming techniques for mail-
ing label systems, bookkeeping and data
base management, as well as ways to
interface dBASE Il with other software
systems.

Business Applications

INTRODUCTION TO WORD
PROCESSING

by Hal Glatzer

205 pp., 140 illustr., Ref. 0-076
Explains in plain language what a word
processor can do, how it improves pro-
ductivity, how to use a word processor
and how to buy one wisely.

Languages

BASIC

CELESTIAL BASIC

by Eric Burgess

300 pp., 65 illustr., Ref. 0-087

- colection of BASIC programs that rap-
d > complete the chores of typical astro-
"o”ical computations. It's like having a
sa-etarium in your own home! Displays
acc&'ent movement of stars, planets and
~ie:eo" showers.

Assembly Language
Programming

PROGRAMMING THE 6502

by Rodnay Zaks

386 pp.. 160 illustr., Ref. 0-046
Assembty language programming for the
6502, from basic concepts to advanced
data structures.

6502 APPLICATIONS
by Rodnay Zaks
278 pp., 200 illustr.,, Ref. 0-015

Real-life application techniques: the input/
output book for the 6502.

Hardware and
Peripherals

THE RS-232 SOLUTION

by Joe Campbell

225 pp., illustr., Ref. 0-140

Finally, a book that will show you how to

correctly interface your computer to any
RS-232-C peripheral.

USING CASSETTE RECORDERS
WITH COMPUTERS

by James Richard Cook

175 pp., illustr., Ref. 0-169

Whatever your computer or application,
you will find this book helpful in explaining
details of cassette care and maintenance.
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NOW YOU CAN DO MORE THAN PLAY GAMES WITH YOUR
COMMODORE 64!

The Commodore 64 Connection will show you how easy it is to
use your computer together with household devices. You will
quickly learn the simple techniques for using your Commodore
64 to control:

* a home security system

* a home temperature control system

* avoice synthesizer to make your computer talk
* and many more home appliances

The Commodore 64 is well suited for connecting to non-
computer devices. With this straightforward guide and a little
imagination, there is no limit to the exciting and useful things
you can do with your Commodore 64 personal computer.
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