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Preface

This book was written to present a broad spectrum of readers with a practical
introduction to the relatively new world of microprocessors and microcomputers.
It should prove to be useful to the computer novice, technical student, and practic-
ing engineer alike. A comprehensive review of digital principles and circuits is
provided for readers with a minimum background.

As the title suggests, this book concentrates on the fundamentals of micro-
processor-based systems and is not intended to be a survey of the numerous micro-
processors and microprocessor applications. The authors have chosen to emphasize
the ideas and principles common to all microprocessor systems. The only devia-
tion from this approach is the chapter on programming, where the principles are
best described using an actual microprocessor’s instruction set. Once the reader
understands these principles, it is a relatively easy task to extend this understanding
to any microprocessor.

The text is divided into three sections: review material, hardware, and program-
ming. Chapters One and Two provide a thorough review of terminology, number
systems, and digital circuits from basic gates to memory chips. Chapters Three
through Six deal principally with computer structure and hardware, with some
programming concepts introduced to show how the software and hardware work
together. These chapters cover microcomputer structure, internal microprocessor
organization, memory interfacing, and input/output interfacing. Chapter Seven is
a detailed treatment of microcomputer programming on a machine language level,
with some elements of assembly language.

ix
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1

Number Sysiems
snd Codes

Computers of all sizes have one thing in common—they handle numbers. In digital
computers, these numbers are represented by binary digits. A binary digit is a digit
that can only take on the values of 0 or 1, and no other value. The major reason
why binary digits are used in computers is the simplicity with which electrical,
magnetic, and mechanical devices can represent binary digits. Because the term
“binary digit” is used so often in computer work, it is commonly abbreviated to
bit. Henceforth, we shall use the latter form.

1.1 DIGITAL NUMBER SYSTEMS

Although actual computer operations use the binary number system, several other
number systems are used to communicate with computers. The most common are
the decimal, octal, and hexadecimal systems.

Decimal System

The decimal system is composed of the 10 symbols or digits: 0, 1, 2,3, 4, 5, 6, 7,
8, and 9; using these symbols, we can express any quantity. The decimal system,
also called the base 10 system, because it has 10 digits, has evolved naturally as a
result of the fact that man has 10 fingers. In fact, the word “digit” is the Latin word
for “finger.”
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The decimal system is a positional-value system, in which the value of a digit
depends on its position. For example, consider the decimal number 453. We know
that the digit 4 actually represents 4 hundreds, the 5 represents 5 tens, and the 3
represents 3 units. In essence, the 4 carries the most weight of the three digits; it is
referred to as the most significant digit (MSD). The 3 carries the least weight and is
called the least significant digit (LSD).

The various positions relative to the decimal point carry weights that can be
expressed as powers of 10. This is illustrated below, where the number 2745.214 is
represented. The decimal point separates the positive powers of 10 from the
negative powers. The number 2745.214 is thus equal to

(2 X 10%3) + (7 X 10*2) 4 (4 x 10%1) + (5 x 10*9)
+ @2 x 1071 + (1 x 1072) + (4 x 107?)

In general, any number is simply the sum of the products of each digit value times
its positional value:

Positional values

TTVTTTT iy
(eTeTeTo [ [+ [s [ [z[+ [« To e[ oe]
MTSD Dec?mal LlD

Decimal Counting

The number 9 is the largest digit value in the decimal system. Thus, as we are
counting in decimal, a given digit will progress upward from 0 to 9. After 9, it goes
back to 0 and the next higher digit position is incremented (goes up by 1). For
example, note the digit changes in the following counting sequences: 25, 26, 27, 28,
29, 30; 196, 197, 198, 199, 200.

For a given number of digits, N, we can count decimal numbers from zero up to
107 — 1. In other words, with N digits we can have 10" different numbers, including
zero. To illustrate, with three decimal digits, we can count from 000 to 999, a total
of 1000 different numbers.
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Binary System

In the binary system there are only two symbols or possible digit values, 0 and 1.
Even so, this base 2 system can be used to represent any quantity that can be
represented in decimal or other number systems. In general, though, it will take a
greater number of binary digits to express a given quantity.

All the statements made earlier concerning the decimal system are equally
applicable to the binary system. The binary system is also a positional-value system,
wherein each bit has its own value or weight expressed as powers of 2, as follows:

Positional
values

L 27 26 25 24 23 22 21 20 271 2—72 273 2—4 2—5 276 2~7 2-8

BEBREEREEERERERER
ofoJoforfof+[rgrfo]r]o]ofofo]o
T b

MSB Binary LSB
point

In the number expressed above, the positions to the left of the binary point
(counterpart of the decimal point) are positive powers of 2 and the positions to the
right of the binary point are negative powers of 2. The binary number 1011.101 is
represented above, and its equivalent decimal value can be found by taking the sum
of the products of each bit value (0 or 1) times its positional value.

1011.101, = (1 x 23) + (0 x 22) + (1 x 21) + (1 x 29
(I X2)+(0x23+1 x 2
— 8404241405401 0.125
— 11.625,,

Notice in the preceding operation that subscripts (2 and 10) were used to
indicate the base in which the particular number is expressed. This convention is
used to avoid confusion whenever more than one number system is being employed.

Binary Counting

The largest digit value in the binary system is 1. Thus, when counting in binary,
a given digit will progress from 0 to 1. After it reaches 1, it recycles back to 0 and
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the next higher bit position is incremented:

Binary Decimal equivalent

Weights —= 23 =8 | 22=4 | 2'=2 | 20=1

0 —_—— 0

1 —_— 1

1 0 | 2

1 1 | 3

1 0 0 ; 4

1 0 1 | 5

1 1 0 | 6

1 1 1 ! 7

1 0 0 0 [ 8

1 0 0 1 | 9

1 0 1 0 | 10

1 0 1 1 { "

1 1 0 0 | 12

1 1 0 1 | 13

1 1 1 0 —_— 14

1 1] 1 1 — 15
LSB

Note in this example that the least-significant-bit (LSB) position changes value
at each step in the counting sequence. The next higher bit (2!) changes value every
two counts, the 22 bit changes value every four counts, and so on.

In the binary system, using N bits, we can count through 2~ different numbers,
including zero. For example, with 2 bits, we can count 00, 01, 10, 11 for four
different numbers. Similarly, with 4 bits, we can count from 0000 up to 1111, a
total of 2¢ = 16 different numbers. The largest number that can be represented by
N bits is always equal to 2¥ — 1 in decimal. Thus, with 4 bits, the largest binary
number is 1111,, which is equivalent to 2* — 1 = 15,,.

Binary-to-Decimal Conversion

As explained earlier, the binary number system is a positional system where
each bit carries a certain weight based on its position relative to the binary point.
Any binary number can be converted to its decimal equivalent simply by summing
together the weights of the various positions in the binary number which contain a
1. To illustrate:

1 1 0 1 1 (binary)
24422 4+042'4+2°=164+8+2+1
= 27,, (decimal)

The same method is used for binary numbers which contain a fractional part.
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1 0 1.1 0 1=2%42042"142"3
=44+14+.5+.125
— 5.625,,

The following conversions should be performed and verified by the reader:

1.1 0 0 1 1 0,=38,.
220.1 1 0 0 0 1,=0.765625,,.
33111100 1 1.0 1 0 1,=2433125,,

There are several ways to convert a decimal number to its equivalent binary
system representation. A method that is convenient for small numbers is just the
reverse of the process described in the preceding section. The decimal number is
simply expressed as a sum of powers of 2 and then 1s and Os are written in the
appropriate bit positions. To illustrate:

13,,=84+4+1=2%4+2240+2°
=1 1 0 1,
Another example:
25.375,, =16 + 8 + 1 + .25 4 .125
=24+224+0+4+0+2°4+0+42"242"3
=1 1 0 0 1 .0 1 1,

For larger decimal numbers, the method above is laborious. A more convenient
method entails separate conversion of the integer and fractional parts. For example,
take the decimal number 25.375, which was converted above. The first step is to
convert the integer portion, 25. This conversion is accomplished by repeatedly

dividing 25 by 2 and writing down the remainders after each division until a quotient
of zero is obtained.

22—5 = 12 + remainder of 1
%2 = 6 -+ remainder of O
—2—;3 + remainder of O
—g—_z_l -+ remainder of 1
% = 0 -+ remainder of lm Y Y Y LSB

2B,=(1 1 0 0 I,




