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Preface

A new device has emerged in the field of electronics over the past eight
years that will affect the lives of everyone as much as the transistor did in the
fifties and sixties. This device, known as a microprocessor, is composed of many
thousands of electronic logic elements on one small integrated circuit less than
a quarter of an inch square.

As a result of this new technology, microcomputer systems will be
included in many homes in the near future to perform such tasks as controlling
lights, storing recipes, recording tax information, maintaining security, and the
like.

Therein lies the role of this book. One is able to find many books about
digital electronics on the market today. Most of them, however, are aimed at
the technical person who has a working knowledge of the subject. A large
majority of them, moreover, cover the high points of three, four, or even five
different microcomputer systems. The reader ends up knowing a little about
a lot of systems, but not very much about any one system.

This book is aimed at several categories of students. If one has a solid
digital background but wants to learn about microcomputer systems, he can
start with Chap. 7. On the other hand, if he has no knowledge of digital systems
whatsoever, he should start with Chap. 2. Chapter 1, covering basic electrical
theory, is for the many high-school students and other nontechnical people
who want to start at “ground zero” and learn some electronics before branch-
ing into a study of home computers. This book can also serve as an ideal text
for colleges, universities, and technical schools. Each chapter offers a set of
problems for students to solve.

Many corporations today manufacture microprocessors. Even though
there are differences between brands, all microprocessors are very similar in
function and operation. Once a specific microprocessor has been mastered, it
is very easy to understand other types. In this book, we will focus on
Motorola’s M6800 microprocessor and the related family of integrated circuits
that can be used to build microcomputer systems. Both the microprocessor and
its associated family of parts will be treated as a “black box.” Although no
attempt will be made to teach the reader how to design a microprocessor, he



will be shown how a microcomputer system can be built using a microproces-
sor and how it can be programmed to perform the functions desired.

I would like to express my appreciation to Ray Doskocil, Bill John-
son, Jasper Norris, Don Aldridge, Dave Van Sant, Brett Richmond, Dennis
Pfleger, Ben LeDonne, Clayton Wong, Bob Bratt, Dave Hyder, Jim Bainter,
Lucy Brown, Fritz Wilson, Bill Crawford, Don Jackson, and Donald Kesner,
each of whom has made significant contributions to the contents of this book.
In addition, a much deserved thanks goes to my wife, Mary Jane, who spent
many evenings and weekends typing the manuscript, and special thanks to
Chuck Thompson, who has supported our training activities over the past
several years.

Portions of the material in Chaps. 8, 9, 10, and 11 have been reprinted
from the following copyrighted Motorola publications:

1. M6800 Microcomputer System Design Data Sheets
2. M6800 Programming Reference Manual
3. M6800 Course Notes

My thanks to Motorola, Inc., for their permission to make use of these
documents.
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1

Basic Electronic
Principles

Since it is often necessary to interface a computer with other electrical
circuits and devices external to the computer itself, a basic understanding of
current, voltage, resistance, diodes, and transistors is necessary. This chapter
outlines the basic concepts needed and attempts to avoid nonessential informa-
tion. Examples are presented to illustrate all principles.

1.1 Voltage

Everyone has seen the kind of batteries that are used in flashlights,
radios, toys, etc. These batteries are a source of voltage. They provide the
power that generates the current (or flow of electrons) in a circuit.

Batteries, or voltage sources, come in many sizes and shapes. A 12-
volt automobile battery is quite large, whereas a 12-volt dry cell battery used
by hobbyists can be held in the hand. The primary difference between the two
types of batteries, other than size, is the amount of energy they make available.
A 12-volt battery can also be made by connecting eight 115-volt batteries
together, as shown in Fig. 1.1. Most batteries purchased in drug or department
stores for use in flashlights, toys, etc., supply 1% volts.

LK W %

8 @ [-1/2 VOLTS = 12 VOLTS ——l

Fig. 1.1 Connection of eight 1V2-volt batteries

All batteries have a positive (+) terminal and a negative (—) termi-
nal. These terminals determine how you wire the battery in your circuit. It
should be emphasized that the batteries themselves are neither positive nor

1



2 Basic Microprocessors and the 6800

negative. The way the battery is wired in your circuit determines whether it
is positive or negative.
The symbol for a battery (power supply) is
1+

T_
The longest line is the positive terminal, and the shorter line, the negative
terminal.

1.2 Resistance

When a battery is connected to a circuit, electrons will start to flow,
and this flow is called current. The amount of current that flows in any circuit
is a function of the resistance in that circuit. Now what exactly does this mean?
It means that anpthing which limits or impedes the current flowing in a circuit
is called resistance. Resistance (R) is measured in units called ohms and is
symbolized by the capital Greek letter omega (£2). For example, 10 ohms is
often written as 10 Q.

Resistance values often reach thousands or even millions of ohms. For
convenience, it is common practice to specify thousands of ohms as kohms (for
kilo, or 10°) and millions of ohms as Mohms (for mega, or 10°). For example,
20,000 ohms would be written as 20 kohms and 3,000,000 ohms would be
written as 3 Mohms.

Resistance comes in many degrees and forms. However, for the pur-
poses of this discussion, only carbon type resistors will be considered. These
are resistors made of carbon and an insulating material that are blended to the
correct proportion for the resistance value desired.

Carbon resistors vary in length from approximately % to 1% in., with
diameters up to approximately %4 in. They have a wire lead attached to the
center of each end (Fig. 1.2) which allows them to be connected to a circuit.

Fig. 1.2 Carbon resistor

Notice the bands around the resistor. They represent a color-coding
technique that permits the value of the resistor to be determined merely by
observation. The color code is given in Fig. 1.3.

The first three bands (A, B, and C) determine the value of the resistor.
Band C, the third band, indicates the number of zeros that are to be added to
the first two numbers. A black band indicates that 7o zeros are to be added;
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Color Value

Black
Brown
Red
Orange
Yellow
Green
Blue
Violet
Gray
White
Gold 5% } on
Silver 10% E Band D
only

O©OENONEHEWN -0

BAND O (TOLERANCE)

BAND C (DECIMAL MULTIPLIER)
BAND B (2ND DIGIT)

BAND A (IST DIGIT)

Fig. 1.3 Color code Fig. 1.4 Bands

a red band, that two zeros are to be added. The fourth band (D) indicates the
tolerance, or the extent to which the true value of the resistor may deviate from
the color-coded value. For example, a 47k resistor with a silver band (4 10%)
may actually be 4.7k higher or lower than the color-coded value of 47k, that
is, it may range from 42.3k to 51.7k. See other examples in Fig. 1.5.

Band A Band B  Band C  Band D Value
yellow green orange silver 45k + 10%
yellow green black silver 45 + 10%
yellow green blue silver 45M + 10%
red red red gold 2.2k + 5%
orange red yellow silver 320k 4- 10%
brown red orange gold 12k + 5%
red black red gold 2k 4+ 5%
brown black black gold 10 + 5%

Fig. 1.5 Band values

The symbol used to designate a resistor in a circuit is

10K
—AMN—

The value of the resistor is often written above the symbol.
Very often it is convenient or necessary to connect two resistors in
series, as shown in Fig. 1.6(A), or in parallel, as shown in Fig. 1.6(B).
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8K
19K 2K i
VVv g VW—— _— 2K >~—
L AM—
{A) SERIES {8) PARALLEL

Fig. 1.6 Series and parallel connections

If two resistors are connected in series, as in Fig. 1.6(A), the total
resistance offered is equal to the sum of the two individual resistors. For
example, if a 10k and a 2k were connected in series, the total resistance would
be 12k. However, when two resistors are connected in parallel, as in Fig.
1.6(B), the total resistance is equal to the product of the values of both resistors
divided by the sum of the resistors. In equation form, the total resistance of
a parallel branch is written as follows:

Rl X R2
Rr =R TR o
For example, if 8k were in parallel with 2k, the total equivalent resistance
would be
8k X 2k  (8) (2) (10®) (100
8k + 2k 10 (107)

The equivalent resistance of any parallel branch is a/ways less than
the smaller of the two resistors. In the above example, the smaller resistor of
the parallel branch is 2k. Thus, the equivalent resistance of the parallel branch
must be less than 2k.

= 1.6k

1.3 Current

Current, which is analogous to water flowing in a water pipe, is a flow
of electrons through wire and various other devices in a circuit. It is measured
in units called amperes, abbreviated as A. There is a direct relationship be-
tween current and the voltage and resistance just discussed. Ohm’s Law states
that, given the voltage (V) and the resistance (R), the current flowing in a
circuit can be calculated by dividing the resistance into the voltage. In equation
form, this law is expressed as:

\
Current (I) = R

Very often in computer circuits the amount of current flowing may
be much less than an ampere, say .002 A. The term milliampere or milliamp
(mA) is likely to be used. Two milliamps is the same as .002 A or 2 X 1073
A. Even smaller amounts of current, like .000002 A, are not uncommon. For
these, the term microamp (nA) is used. Thus, a current of .000002 A is the
same as 2 X 107¢ A or 2 pA.
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Examples

1.IfV=5and R = 1k, find L

\' 5 5

I=E—ﬁ(—m= 005 A = 5SmA

1K

ANV

—

[ 3

sV — I =5mA
22.IfV=5and R = 1M, find L
=Y 3 _ 000005A = 5pA

R~ IM ~— 1,000,000
3S5kand I = 1 mA, find V.

V = IR = (1)(1073)(3.5)(10°) = 3.5V
4 IfV=6and ] = 2 mA, find R.

3. IfR

The question now arises as to the direction of the current flow. In this
book we will use what is commonly referred to as conventional current flow.
Conventional current flows from the positive side of the battery, through the
circuit, and back to the negative side of the battery.

1.4 Kirchhoff’'s Voltage Law

Kirchhoff’s Voltage Law states that the algebraic sum of all the
voltages in any closed loop in a circuit is equal to zero. To put this into simpler
terms, if a circuit has a single battery and three resistors, the sum of the voltage
drops across each of the resistors is equal to the battery voltage. The relation-
ship between the voltage drop across a resistor and the current through the
resistor is signified as follows:

e |
WA—
+R_

The plus sign indicates that that end of the resistor is positive with respect to
the other.

Examples

1. Find the voltage drop across each resistor in the circuit shown.
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1K -
— + AN
LI_ *
30V _— \g 0.5K
T = A
35K

Step 1: Find the equivalent resistance:

1tk + .5k + 3.5 k = 5k total
Step 2: Divide the total resistance into the battery voltage to get the
total current flowing in the circuit:

Step 3: For a current of 6 mA flowing through each resistor, calculate
the voltage drop across each resistor. (Recall that V = IR))
V (across 1k) = 6 mA X 1k =6V
V (across .5k) = 6 mA X Sk =3V
V (across 3.5k) = 6 mA X 3.5k =21V
Notice that all voltages across the resistors, when added together,
equal the battery voltage.
2. Find the voltage drop across each resistor in the circuit shown.

20V.d__ - %4!( %SK
_’[ ]

Step 1: Find the equivalent resistance of the parallel branch:

_ 4k X 3k
R, = 3¢ = LTIk

Step 2: Draw the new equivalent circuit:

2K

NN
+
20V _— 1.71K

T

Step 3: Find the total current in the circuit:
20 20
=T 17 =37k = > mA
Step 4: Find the voltage drop across each resistor:
V (across 2k) = 2k (5.39 mA) = 10.78 V
V (across 1.71k) = 1.71k (5.39 mA) = 9.22 V
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Notice the voltage drop across the 1.71k (which is the equivalent
resistance for 4k in parallel with 3k) is the same as the voltage drop
across the 3k and the 4k resistors.

The total current flowing through the 2k resistor in Example 2 is 5.39
mA. How much current is flowing in the 3k and 4k resistors? Kirchhoff’s
current law states that the sum of the currents entering the junction must be
equal to the sum of the currents leaving the junction. Therefore, the sum of
the currents in the 3k and 4k resistors must be 5.39 mA. As we calculated
above, the voltage drop across the 1.71k equivalent resistance is 9.22 V. This,
then, is the voltage drop across each resistor. By Ohm’s law (I = V/R), the
current in each resistor can be calculated:

I (in 4k resistor) = V/R = 9.22/4k = 2.31 mA
I (in 3k resistor) = V/R = 9.22/3k = 3.08 mA

2K _
* A ’
—
+| s3oma T +
20V — 2.31 mA‘ 4K 3.08 m4 3K

T

1.5 Diodes

A diode is a device that allows current to flow in one direction only.
It is symbolized as follows:

tpt=

The current flows from the positive (+) terminal (anode) of the diode to the
negative (—) terminal (cathode), as shown by the direction of the arrow. If an
attempt is made to make the current flow from the cathode to the anode
(opposite the direction of the arrow), nothing will happen.

The voltage drop across a diode is very small when current is flowing
through it. In this book, it will be assumed to be zero.

1.6 Transistors

A transistor is a three-lead semiconductor device that may be used in
many ways. In this book, it will be used only as an electronic switch.

Transistors are available in two distinct types called NPN and PNP,
depending on the makeup of the semiconductor material. The only real differ-
ence between an NPN type and a PNP type is the polarity of the battery used
in the circuit. Consequently, only the NPN will be discussed.
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c

E

Fig. 1.7 Symboi for NPN transistor

The symbol for an NPN transistor is shown in Fig. 1.7. Notice the
three leads designated by B, C, and E. The B represents the base of the
transistor, the C represents the collector of the transistor, and the E represents
the emitter of the transistor. These designations are arbitrary ways of identify-
ing the leads coming out of the transistor.

Using a transistor as an electronic switch is a very simple process.
Only the circuit configuration known as the common emitter will be used in
this book. Figure 1.8 illustrates an NPN transistor in the common emitter
mode.

COMMON EMITTER: The emitter lead is common to both the
input circuit and the output circuit.

Fig. 1.8 NPN transistor in the common emitter mode

To calculate the current in its base circuit (called the input circuit),
the voltage drop between the base and the emitter is assumed to be zero (in
reality, it is a very small value). Therefore, the base current, I, is equal to 5
V divided by 100k:

I; = 5/100k = .05 mA

In a transistor circuit such as that shown in Fig. 1.8, the collector
current, I, is found by multiplying the base current, I, by the gain, B (called
beta), of the transistor. The gain of the transistor can usually be found in the
data sheet that describes the transistor. A typical value is 100. Therefore, if
the typical value is assumed for this transistor, the collector current (I¢) is
found by multiplying the base current (Ig) by 100:

I. = Bl = 100 X .05 mA = 5 mA

Recall the rule discussed previously that the sum of the voltage drops

in a closed circuit must equal the battery voltage. In this transistor circuit, the
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voltage drop across the 1k resistor must equal the product of the current
through the resistor and the value of the resistor, or V = 1k X SmA = §
V. Therefore, the remaining voltage of 20 V (battery voltage minus drop across
resistor, or 25 — 5 = 20) must be between the collector and the emitter of
the transistor. The voltage between the collector and the emitter is called V.
It is this voltage that is of significance in computer circuits.

If the 5-V battery on the input circuit were changed to 0 V, there
would be no base current (I). If there were no base current, the collector
current (I) would also be O, which means that the voltage drop across the 1k
resistor would be O as well. Therefore, the voltage drop between the collector
and the emitter (V) must be 25 V since the voltage drops in any closed circuit
must equal the sum of the battery voltage. The Vi of 25 volts is known as
the cutoff voltage. A transistor in the cutoff state has a voltage between the
collector and the emitter (Vg) equal to the battery voltage in the output
circuit.

On the other hand, if the 5-V battery on the input circuit were in-
creased to 25 V, the base current (I5) would be .25 mA (25/100k). A base
current of .25 mA would produce a collector current (I.) of BI;, or 25 mA
(100 X .25 mA). The voltage drop across the 1k resistor in the output circuit
is therefore 25 mA X 1k, or 25 V. Therefore, the 25 volts from the battery
is accounted for by the drop across the 1k resistor. Thus, the voltage across
the collector to the emitter (Vi) of the transistor is O V. The transistor is now
in a state referred to as saturated.

A transistor in the saturated state has a voltage between the collector
and the emitter (Vz) approximately equal to 0 V.

It should also be noted that any further increases in base current after
saturation has no effect on V. and the output circuit. The maximum collector
current possible in the output circuit is the battery voltage divided by the
resistance in series with the collector lead. Once the transistor is saturated, the
battery and resistance determine the magnitude of the current.

As mentioned previously, transistors come in NPN and PNP types.
The above discussion was based on the NPN type. Calculations for the PNP
type are identical to those for the NPN type except that the batteries are
reversed and the currents flow in the opposite direction. Figure 1.9 illustrates
a PNP transistor using the same size batteries and resistors as the NPN circuit
mentioned earlier.

Fig. 1.9 PNP transistor circuit
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If the B of this transistor were the same as that for the NPN transistor
in Fig. 1.8, the currents in Fig. 1.9 would be of the same magnitude as those
in Fig. 1.8 but their directions would be opposite. Also notice that the batteries
(or power supplies) in the circuit of Fig. 1.9 are opposite those in Fig. 1.8.

Very often, transistors are shown in a circuit in a slightly different way
from that illustrated. The circuit in Fig. 1.8 would be as shown in Fig. 1.10.

+5v +25v

100K 1K

Fig. 1.10 Alternative NPN transistor circuit

These two circuits are identical even though they may appear quite
different. In Fig. 1.10, which is just an abbreviated way of showing the same
thing as Fig. 1.8, the plus side of the 5-V battery is connected to the 100k
resistor. The negative side of the 5-V battery would be connected to the emitter
of the transistor. Likewise, the plus side of the 25-V battery is connected to
the 1k resistor, and its negative side would be connected to the emitter.

1.7 Example Circuits

Shown below are various circuits and calculations of their basic val-
ues.

(a)

e

i
i
|_4<q
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®)

+J_/ r,;*'-\\ +

> Iz + 'Ll_
<
0V = Tax 4x:> — 20v I‘ 2.67K

. . 8k X 4k
The equivalent resistance R, = 8k 1 4k — 2.67k
20 C
I = 267k = 7.49 mA (in direction shown)
©
(c) X
i I
—. 20V I ‘JL
T
20 S
I= i 5 mA (in direction shown)
@
4K
AN
+
20V x

I = O (current will not flow opposite the diode)

(e) Find I, I, and V when 8 = 80.

15
= 300k
I. =Bl =80 X 05mA = 4mA
Ve = 15 — (2k X 4 mA)

15 — 8
7V

= .05 mA

It
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Problems

Basic Microprocessors and the 6800

1. Determine the value of each resistor given the color coding indicated below.
Also, calculate the possible maximum and minimum value of each resistor.

Band Band Band Band Value Max Min
A B C D Value Value
Brown Brown Brown Gold
White Gray Blue Silver
Orange Black Orange Silver
Orange Orange  Orange Gold
Yellow Red Black Silver
Blue White Red Gold
Violet Green Orange Silver
White Black Black Gold

2. Find the total resistance of each set of resistors below:

(a) 3000
(b) 5M 6K
(C) 100 0t 50 0 1K

@
(e E

100 N2

5K

®

(g) 1.5K

(h) 2K
6K

3. Calculate the current flowing in each resistor and the voltage across each
resistor in each of the following circuits. Verify that the sum of the voltage
drops equals the battery voltage.
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®) 2 © "

3K

4. Calculate I, I, and V for each of the following circuits. Show the directions
of each current. Assume that 8 = 80 for each transistor.

(@

(b)

©)
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