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Preface

Games have been part of every civilization throughout the ages. It is
no wonder, then, that electronic games have been developed in our
time. Integrated circuits and the microprocessor have brought an
endless variety of electronic games within the reach of everyone who
has a TV set—and that includes almost every household in the
United States.

The technical aspects of electronic games involve a number of
specialized fields within the electronics technology. Basic television
principles, both monochrome and color, must be combined with
digital display techniques and, most important, with an understand-
ing of microprocessor and computer elements. Engineers, students,
technicians, and competent hobbyists who already know electronics
will find in this book all the information they need to design,
program, maintain, and troubleshoot all types of electronic games.

Television, digital displays, and even microprocessors are covered
in many different books, but Electronic Games is the first practical
book that deals with all technical aspects of electronic games. Clear
and concise chapters cover each of the essential elements of elec-
tronic games, including the home TV types as well as other types of
games. The emphasis throughout this book is on the practical tech-
nology as it applies to existing and future games. Typical hardware
and software are discussed in practical terms, with a large number of
illustrations, backed by information from the service literature of the
major game manufacturers.

This book starts by presenting electronic game fundamentals in
the form of block diagrams, concentrating on the essential circuit
functions. TV picture parameters, including basic monochrome and
color TV circuitry, are reviewed in Chapter 2, and video effects
related to games are covered in Chapter 3. Sound effects and the
special circuits used to generate them are the topic of Chapter 4. The
next four chapters deal with microprocessor fundamentals, program-
ming, program s.torage, and microprocessor applications to games.
These chapters give the reader an insight into how microprocessors

ix
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work and how they can be programmed to provide endless varia-
tions of all types of electronic games.

Chapter 9 deals briefly with the fundamentals of games, their
rules, and their appeal to different players. Typical electronic games
are discussed in Chapters 10 and 11. Design examples for a relatively
simple game, Pit and the Pendulum, and a microprocessor-based
game of chance, Blackjack, are presented in Chapter 10, while Chap-
ter 11 covers typical electronic games from the major manufacturers.
Chapter 12 completes this book with troubleshooting techniques
designed specifically for electronic games, from the simplest to the
most sophisticated.

We hope that these twelve chapters, together with the references
cited, will provide a complete source of technical information on
electronic games to all of our readers. Because we have emphasized
both essential elements and actual circuitry, hardware and software,
we are certain that advances in electronic game design will not

render this book obsolete for many years.

Walter H. Buchsbaum
Robert Mauro



Electronic Game

Fundamentals

1.1 GAMES WE HAVE ALWAYS PLAYED

f The importance of electronics in our daily lives continues to increase
every year. The TV system uses electronics to extend our vision, as
the name “‘television’” implies. Public address or intercom systems
extend the range of our voice, and remote control systems extend the
range of our arms. A moment’s thought will convince you that
electronics, in practically all applications, is a tool used by human
beings to improve, extend, or magnify the capabilities of our senses.
In the design, manufacture, and troubleshooting of all these elec-
tronic devices, we have to have some fundamental understanding of
these senses{In Chap. 2, a brief explanation of some of the character-
istics of human vision is included as part of the explanation of how
TV pictures are generated. Every hi-fi fan knows about the fre.quency
and dynamic amplitude range of human hearing. In electronic game
design, some of the principles of vision, hearing, and manual dexter-
ity are, of course, an important part. But, as we shall. see ‘b.elow,
when electronics is applied to games, new and -qu1te dlffergnt
dimensions have to be considered. Before we start with the techr_ncal
aspects which are the topic of this book, we want to look very briefly

at some essential nonelectronic concepts.



2 Electronic Games

G‘_ames occupy a very special place in our life. Games have beep
studied on a sociological, psychological, and cultural basis, and v
k.nc.)v'v from history that they have been an important part of aﬁ
c1.V1112ations and cultures. Games involving competition among indj-
viduals, both in a physical and menta] way, have been knownp
throughout recorded history, and there is good reason to believe that
even cave dwellers threw stones or shot arrows at targets for the fun
of cc?m.petition. The people who enjoyed these games could always
be divided into players and spectators. The spectators participated in
games by putting themselves into the place of the players. Even in
today’s televised football games, the viewers seem to suffer or enjoy
the hard knocks of the players on the screen.

[ All Qf the games known today can be divided into two broad

! categories. There are games of skill, physical or mental or both,
where the key element is the competition between players and the
need to win. In the second category are games of chance, where the
key element is the player’s belief in luck, intuition, or some special,
magical quality. In this type of game, too, the object is to win. As a
matter of fact, “winning” is common to all games, and it is this key
element that generates the anticipation, excitement, joy—for win-
ning—and sadness—for losing. This common element of games, the
emotional involvement, is the key difference between electronic
games and all other applications of electronics. Our emotions
aroused by a TV or radio program have little to do with the electron-
ics, but depend primarily on what the studio transmits to us. In
electronic games, however, the emotional involvement is, at least in
part, influenced by the game design itself. It is the first time that
engineers have had to design for emotional response.

Let’s think about this new design requirement for a moment.
Instead of designing only for simple tuning, clear pictures, true
colors, realistic audio reproduction, low noise, etc., we must now
make our product appeal to some specific human emotions. What are
these emotions? What specific features must our electronic game
have to arouse and then satisfy these emotions? Without getting into
psychology, let’s briefly look at the emot.iona‘l aspects of games.

As we pointed out before, the key object in any game is to win.
Whether we win over a human competitor or win over what we thm-k
of as the goddess of luck or, in the most recer.lt type of. e]ectrox;:c

P{Sme, win over the computer, one key element is uncertainty. If t i
outcome of a game were known in advanc_ze, neither the players ncci)
the spectators would have any interest in it. If y.ou .know what cle;r :
everyone will get, if you know the cast of the dice in advance, t' tir
will be no interest in playing. This point, the element of uncertainty,
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is an essential element in designing electronic games. It is a new
depa‘rture for engineers because, ordinarily, engineers design for |,
certainty. S

The element of uncertainty can be introduced into an electronic
game by the uncertain skill of the player or it can be introduced by
the game itself. Different players will have different motor and
mental skills, and these skills vary from moment to moment in each
player. Our dexterity in turning knobs, concentrating on the displ?y_,—]
guessing our opponent’s moves—all these things contribute uncer-
tainty. In most games additional elements of uncertainty are intro-
duced by, for example, varying the trajectory and the speed of the
ball, etc.

In the case where the game itself provides the uncertainty, as in
games of chance, random actions are generated electronically. When
the dice player throws the dice, many random factors, such as the
bouncing, the speed, and the surface, interact on each other to
produce the winning or losing number. Randomness means that
events occur in a sequence that is not prearranged or predictable.
The events that occur may be limited, such as the 11 numbers in dice
or the 52 cards in blackjack, but their sequence must be random. As
we shall see in later chapters, the generation of random numbers is
not as simple as appears at first thought. To produce a long string of
random numbers using only the numbers from 2 thru 12, as they
apply to a dice game, requires careful design.

While uncertainty is probably the major element in a gam;—’:}
emotional appeal, two other aspects are also essential. All games
require certain rules on which the players have to agree in advanpe.J
Sometimes these rules are so complex as to require judges or umpires
to interpret them. We need only think of the simple rules for tic-tac-
toe and compare them to the complex rules of baseball or chess to
realize that, without knowledge of and adherence to the rules, games
simply couldn’t be played. In electronic games these rules are, of
course, known to the players, but they must also be a part of the
game itself. As we shall see later in this chapter, the rules must be
incorporated in the electronic game control circuits along with the
elements of randomness. In the more sophisticated electronic games,
where a wide variety of different games can be programmed, the
rules for each game occupy a designated portion of the program
memory.

“What’s the score?” is the perennial cry of every spectator and
player. Knowing the score is essential for the player in deciding
future actions. In electronic games this need to know the score means
that some circuitry must be included which keeps count of the
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4 Electronic Games

winning and losing actions of each player. This information must
then be displayed in the format appropriate for the particular game.
A moment’s thought will convince you that the scorekeeping circyj.
try must, in some way, be connected to the circuits that “know"’ the
rules. We also realize that the scorekeeping circuitry will have to
“know” when the game starts and when it is over.

The display of the score can involve considerable circuit complex-
ity for all those games that use a TV display. It is one thing to display
lines, dots, and simple objects, but displaying the whole set of
alphanumeric characters—that requires sophisticated electronics. To
avoid this, most of the inexpensive TV games display only numerals
which can be composed of the seven segments so familiar from the
light-emitting diodes (LEDs) used in digital watches and pocket
calculators. When you see “YOU LOSE TURKEY”’ displayed on a TV
screen, you know that a sophisticated microprocessor-based elec-
tronic game has told you your score.

To sum up this brief, nontechnical discussion, now is the first
time that game designers, electronics engineers, and technicians
must consider the emotions, not only the senses, of their customers.
The rules of the game and the score are also essential features,
common to all electronic games. The TV viewer believes that the
action on the TV screen represents reality. When we are watching a
football game we can believe, at least for the moment, that we are at
the stadium. We know that what we see is really happening. When
we really get involved, we can almost feel the tension and we become
part of the action on the playing field.xThis element of _emotional

JAnvolvement is, of course, also important for the success of electronic
gaiies. The viewer has now become a player who is trying to win. As
“we have seen, the uncertainty of the outcome is one of the key
elements in any kind of game. This uncertainty must be assured
either by the player’s own actions or by some contribution of ran-

domness contained in the electronic game itself.

1.2 ELECTRONIC.GAME BLOCK DIAGRAM

Figure 1.1 shows the complete block diagram of any kind of elec-
tronic game. You will notice that it includes the player. The player
has, like the electronic game itself, an input and an output. In this
simplified version, the input is visual and the output is manual. The
player watches the game display and acts on it by manipulating the
controls. The electronic game’s input consists of the player’s action
on the controls, and its output is a TV screen. Between the player
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controls and the TV screen is the real heart of the electronic game, the
control section. As we shall see in later chapters, this control section
can consist of a single integrated circuit (IC) or, in more sophisticated
electronic games, it can contain what is in effect a small computer.

In reality, there is a great deal more in each of the blocks shown in
Fig. 1.1. The player’s input is not limited to the TV screen. The player
may receive audible cues and may also use his or her own brain, a
very sophisticated computer, to introduce variations of the game
rules. The manual activity, the player’s output, may range from
pushing the button to manipulating a complex “joystick” or two.
Dextenity, practice, and nerve-muscle reaction time, are only a few of
the elements the player adds to the game. In Fig. 1.1 a single player is
shown for simplicity’s sake, but several players usually compete
against each other, either by manipulating the controls sequentially
or by using individual controls.

Figure 1.1 depicts a closed-loop system. This means that, in order
tor the system to function, all of its elements must be able to interface
with each other correctly. If the display is too fast or too slow, too
bright or too dim, for the human player, the system will not work. If
the controls are too difficult or too easy to operate, if they are too
large or too small, or if they do not correctly control the display, the
system will not work. As we shail see in later chapters, definite
limitations exist concerning the speed of the action and the amount
of information that the display can present to the players.

Most electronic games can be categorized as coin-operated,
arcade-type games, board games, or TV games. Both arcade and TV '
games use a TV screen as the display, but the TV game includes an
RF link so that it can be added to any home receiver, while the arcade
game contains its own TV monitor. Board games usually use LEDs as

Display

Game
»-| circuits

Controls

Figure 1.1 Basic electronic game.
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TV channel. In this arrangement the TV set serves as display and
requires no modification.

The major difference between TV games and arcade or coin-
operated games is that the display circuits of the arcade game (Fig.
1.2) drive a monitor. There is no RF output and no antenna switch,
and the power switch is controlled by the coin collection device.

Each of the functions shown in the simple block diagram of Fig.
1.2 is covered in some detail in this book. The player controls and the
master controls are described in this chapter, as are some of the most
frequently used non-TV displays. Because of the importance of TV
displays, both monitors and TV receivers, Chap. 2 is devoted to this
topic. The antenna switch and display circuits are the topic of Chap.
3, and sound effects, indicated by the loudspeaker of Fig. 1.2, are the
topic of Chap. 4. The simple box marked “Control logic” is so
important that its description fills Chaps. 5 thru 8.

1.3 CONTROLS

As indicated in the block diagram, two types of controls are provided
with every kind of electronic game. The master controls, usually a set
of toggle, rotary, or thumbwheel switches, are used to select the tvpe
of game and its key parameters. Player controls range from simple
pushbutton switches or a complete keyboard, to potentiometers,
joysticks, and combinations of potentiometers and switches
arranged in some unique ways. The early TV games invariably used
simple potentiometers to control the vertical position of the racket,
bat, etc. In more complex versions two potentiometers, sometimes
mounted on concentric shafts, were used to control both horizontal
and vertical motion.

Another degree of complexity is added with the joystick. This
arrangement essentially consists of two potentiometers located at
right angles to each other which are driven by a two-dimensional
mechanical arrangement. One potentiometer turns when the joystick
moves front to back, while the other moves when the joystick moves
left to right. When the joystick moves in the diagonal direction, both
potentiometers are driven by the gear mechanism. In the Fairchild
Channel F game an ingenious mechanical arrangement allows the
Player to hold the control handle in one hand while moving a knob as
a joystick, rotating it, and using it as an up-down pushbutton
control. These complexities increase the required manual skill and
are potential trouble sources due to contact wear.

Probably the most reliable type of player control is the pushbutton
keyboard. In the RCA Studio 1I games the keyboard is used for all










