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PREFACE

This book is an attempt to bring together all the essential features of each of
the major microprocessor families that have evolved through the 1970s and
1980s. The main characteristics of each of the 8-bit, 16-bit and 32-bit
microprocessors are presented, together with descriptions of applications
and software considerations.

The book excludes some of the less-frequently applied microprocessors,
but the concentration on the most common devices provides descriptions of
the processors that are used in at least 95% of current microcomputer
systems.

Most books on similar topics tend to concentrate on a single device. The
comprehensive coverage of the subject presented here should provide a
useful reference for the reader who requires a good general background to
the whole subject. The later chapters in the book concentrate on program-
ming languages (BASIC, Pascal and C), and in particular on operating
systems (the main program in a multi-program microcomputer system). The
descriptive notes on the facilities available within the most common operat-
ing systems should enable a user of a disc-based microcomputer to perform
a complete range of operator functions.

An introductory chapter on microcomputer principles is provided to assist
a reader who is new to the subject, and a glossary of terms at the end of the
book should prove helpful.

The author wishes to thank several of his colleagues for helpful discus-
sions, and his long-suffering students (past and present) who have often
provided an experimental platform for the presentation style of much of the
material.
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CHAPTER 1

MICROCOMPUTER PRINCIPLES

1.1 Microcomputer Architecture

Computers are generally classified as follows:

(a) mainframe computers, which support a large number of user termi-
nals and peripherals and which are used for large data-handling
systems, e.g. payroll, customer accounts;

(b) minicomputers, which support a smaller number of user terminals
(typically up to 40) and which are used in small-company business
applications as well as factory control systems;

(c) microcomputers, which normally support a single user (although
latest systems have edged into the minicomputer market) and which
are applied in a wide number of domestic, commercial and industrial
control applications.

The distinguishing feature of a microcomputer is that its CPU (central
processor unit) is a single IC (integrated circuit). This central component is
termed “microprocessor”. It is supported by memory and input/output ICs
to constitute a complete microcomputer.

The basic architecture of all types of computer is shown in Fig. 1.1. The
CPU, or microprocessor in the case of a microcomputer, generates the three
buses, which are a set of circuit connections. The computer program that the
CPU executes is held in memory, which in microcomputers is invariably
arranged in 8-bit (a bitis 0 or 1) locations. The CPU extracts each instruction
in turn from memory, examines it and executes it. The transfer of each
instruction is as follows:

(1) CPU sets the memory address of the next instruction on the address
bus;

(2) memory location presents the contents of the selected memory
address on the data bus;

(3) CPU reads in the instruction and implements it.

The control bus carries signals that are required to activate the above
transfers.
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Address bus (16 lines for 8-bit CPU)

Control bus (typically 10 lines)

Input/output <:_> CPU :> Memory

I i i

Data bus (8 lines for 8-bit CPU) .

Fic. 1.1. Computer architecture.

Memory also contains data values in addition to program instructions.
Data values can be numbers (represented in binary), or characters for
display or printing purposes (represented by a unique code—the “ASCII”
code).

The input/output module contains circuits that transfer programs and data
to and from peripheral devices, e.g. backing store (such as floppy disc),
printer and VDU (user terminal).

In the simplest forms of microcomputer, e.g. pocket calculator or washing
machine controller, the three modules (CPU, memory and input/output)
are contained within a single IC.

1.2 CPU (Central Processor Unit)

The typical internal organisation of a CPU is shown in Fig. 1.2. All actions
are triggered by a clock pulse. The functions of the internal modules are as
follows:

(a) The program counter contents are placed on the address bus so that
the next program instruction can be transferred from memory to the
CPU.

(b) The instruction register receives the instruction.

(c) The control unitdecodes the instruction and activates transfers around
the CPU in order to execute the instruction.

(d) The work registers hold data items that can be processed within the
instruction (a specialised work register that can receive the results of
ALU operations is termed an “accumulator”).

(e) The ALUisthe processing part of the CPU, i.e. it can alter data values
using arithmetic (add, subtract, etc.) and logical (OR, AND, etc.)
functions.
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Instruction Work
register registers
(including
accumulator)
ALU
Clock Control (Arithmetic
pulses unit and Logic
Unit)
.___] l Program
Status counter
register
| lo7-oo| |A15-AO|
Control bus Data bus Address bus

Fic. 1.2. Internal organisation of CPU.

(f) The status register contains “flags” that mark the result of ALU
operations, e.g. zero result.

The word length of a CPU is expressed in terms of the number of bits that
are processed in a single ALU operation, e.g. an 8-bit CPU can perform an
arithmetic add operation on two 8-bit numbers. Microprocessor IC packages
can be grouped as follows:

(a) 8-bit invariably 40-pin DIL (dual-in-line, i.e. pins on two sides
only) package

(b) 16-bit normally 40- to 64-pin DIL package

(c) 32-bit between 60 and 120 pins in a “chip carrier” (pins on all four
sides of package), or PGA (pin grid array).

The operation of each instruction is conveniently divided into two
operations—*“fetch” and “execute”. Whilst the fetch part of the fetch-
execute cycle is the same for every instruction, the execute part may or may
not involve further memory transfers. Some instructions require only ALU
operations in the execute part of the cycle, rather than slow memory transfer
operations. Therefore the instruction time is variable and depends on the
nature of the instruction. The following examples illustrate this:

Instruction Example 1—Add register B to register A
Step 1—Fetch instruction
Step 2—Execute (add B to A, the accumulator)
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Instruction Example 2—Load register A from memory
Step 1—Fetch instruction
Step 2—Execute 1 (read first half of memory address into CPU)
Step 3—Execute 2 (read second half of memory address into CPU)
Step 4—Execute 3 (read data byte from memory address into A)

The second instruction takes approximately twice as long to operate as the
first instruction. Notice that, in an 8-bit microprocessor, the first instruction
is one byte (8 bits) long, i.e. it occupies one memory location. The second
instruction is three bytes long, because the second and third bytes contain
the 16-bit memory address of the data value that is being accessed. The
second and third bytes in this case are termed the “operand” of the
instruction, whilst the first byte that specifies the nature of the instruction is
termed the “opcode”.

The instruction set that can be obeyed by a CPU may number from 50 to
several hundred different instructions. Instructions can be conveniently
grouped into four categories, as follows:

(1) Datamove, e.g. between a CPU register and another CPU register, a
memory location or an input/output channel

(2) Data modify, i.e. when the ALU alters a data value

(3) Jump, i.e. transfer program control to another memory location

(4) Miscellaneous, e.g. to stop program execution.

Within (1) and (2) there are various ways of accessing a data value, and these
are termed the “addressing modes” that can be specified within an instruc-
tion. The most common addressing modes are:

(a) Direct Register—data value is held in a CPU register

(b) Direct Memory—data value is held in a memory location

(c¢) Indirect Register—data value is held in a memory location specified
within a CPU register (register-pair for an 8-bit CPU)

(d) Immediate—data value is held within the instruction (in the second
byte for an 8-bit CPU)

(e) Indexed—similar to (c) except that a displacement within the instruc-
tion is added to the contents of the indexing register to compute the
memory address.

1.3 Memory

Memory ICs are either ROM (read-only memory), which can only be
read, or RAM (random access memory), which can be read from and written
to. The pin connections of a typical ROM device are shown in Fig. 1.3. The
10 address lines give:

210 = 1024 (1024 = 1K)
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(Chip select) C5 — —AO
—Al
00 — A2
DI — —A3
02— ROM M—A4 Address
Data D3 —{ 1024 x 8 [—A5 Lines
lines D4 — — A6
D5 — A7
m 2% |
D7 — — A9

FiG. 1.3. Typical ROM.

memory locations, and the 8 data lines indicate that 8 bits are stored in each
memory location. The “memory organisation” of the device is therefore
declared to be:

1024 x 8

A byte is only read out of the device when the CS (Chip Select) signal is set
to 0 (the bar above the CS legend denotes inverse logic, i.e. the signal is set
when it is at logic 0).

The pin-compatible family of ROM devices is:

ROM-—mask-prgrammed by the chip manufacturer
PROM—programmable ROM that is programmed by the user
EPROM—erasable PROM that can be erased using UV light and re-
programmed.

The pin connections of RAM devices are similar, except that an additional
CPU control bus signal (R/W—Read/Write) must be connected to select the
direction of byte transfer. There are two subdivisions of RAM:

Static RAM—holds its bit pattern until dc power is removed (i.e. it is
“volatile”).

Dynamic RAM—holds its bit pattern for only 2 ms unless a refresh circuit is
applied

A complete microcomputer memory circuit is shown in Fig. 1.4. The ROM
and RAM devices are connected to the data bus and also to as many of the
least significant address bus lines as required. The Chip Select signals are
generated by a “2 to 4 decoder”, which ensures that only one memory device
in the system can be selected at any time. The truth table for the decoder is
shown in Fig. 1.5(a). Only one of the four outputs can be set to 0 at any time,
and the G (Enable) input signal on the decoder must be set to 0 otherwise no
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Address bus
AlI5-A0
[an Rl _}
Al2 | 2to4 | CS2 T | =
decoder| ==3 AIO-A0 AIO-AO
AS iz sS4 RAM ROM
CPU — 2048x8 2048x 8
R/W R/W
D7-DO D7-DO
D7-DO
Data bus

FiG. 1.4. Simple microcomputer memory circuit.

otherwise no output can be set. This particular memory circuit produces
device addresses as follows:

Al5| Al4 Al13 |A12 All[Al10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
ROM start [ 0 X X 0 0 0O 0 0 0 0 0 0 0 0 0 0 Hex0000
ROM end 0 X X 0 0 1 1 1 1 1 1 1 1 1 1 1 Hex0OJFF
RAM start [ 0 X X 0 1 0O 0 0 0O 0 O 0O 0 0 0 0 HexO0800
RAMend | 0 X X 0 1 1 1 1 1 1 1 1 1 1 1 1 HexOFFF
Decoder 2t04
enable decoder X = not used (assume set to 0)

Grouping the 16 bits into 4 hexadecimal characters gives the addresses
shown on the right of this table. These addresses can be shown on a “memory
map” for the computer as indicated in Fig. 1.5(b), and this map serves as a
guide to the computer programmer to indicate where he can place his

programs and data lists.

Memory addresses

Al2 All [CS4 CTS3 CS2 cCsl 0000
| | ROM 2K
o 2 | 9 O7FF
(0] | | | (¢] | 0800
| (o} | (o} | |
| | (o] | | | RAM 2K
OFFF
1000
(a) Truth table for 2 to 4 decoder
in Fig. 1.4 Unused | | 62K
FFFF

(b) Memory map

FiG. 1.5. Address calculations for Fig. 1.4.
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|_ p— Chip select L b— Chip select
2to4 p— signals to 2t04 p— signals to
CPU decoder memory decoder s input Zoutput
_ devices _ devices
T0/M G o— G P

—‘{>°_

I0/M = Input/output (set to I). Memory (set to O)

FiG. 1.6. Separate decoding circuits for memory and input/output.

If more than four memory devices exist in a memory circuit, a 3 to 8
decoder can be used in place of a 2 to 4 decoder, and the unused higher-order
address bus lines must be connected at its inputs.

Several microprocessors do not possess input/output instructions, and
input/output chips must be connected into circuit as if they are memory
devices and addressed using memory transfer instructions. This arrangement
is termed “memory mapped input/output”. If a CPU does possess input/
output instructions, memory and input/output devices must use separate
decoders as shown in Fig. 1.6. In this arrangement memory and input/output
chips can possess the same addresses, i.e. the memory map can overlap the
input/output map. However no bus conflict can occur because the CPU sets
the IO/M signal to 0 when performing memory transfers (to select the first
decoder) and to 1 when performing input/output transfers (to select the
second decoder).

1.4 Input/Output

Input/output chips are used to connect the microcomputer to a wide
variety of peripheral equipment (backing store, printer, VDU), data links to
other computers, instrumentation and electrical equipment in control appli-
cations, displays of various types, and other devices. Whilst memory chips
(ROM and RAM) are supplied by a range of manufacturers who do not
normally manufacture the CPU to which they connect, input/output devices
are invariably tailored to the CPU and are offered as support devices by the
CPU manufacturer.

The principal input/output chips are described in the following sections:

(a) PIO (Parallel Input/Output)

The function of a PIO is to pass data through 8-bit “ports” to and from
remote devices. Figure 1.7 illustrates the pin functions of a typical PIO. The
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To CPU~=— ——= To external devices
Chip select cs Port = 8 bits
Read/Write R/W

> Prth
AQ —

Al —

DO — PIO
DI — ———> PortB

D2 —
D3 —
D4 ———i
DS — <;_—:> Port C (often only
06 — 6 bits)

D7 ——

Address lines {

Datalines

Fic. 1.7. PIO pin functions.

signal connections to the CPU buses are similar to that of a RAM chip. A
data byte is transferred via the data bus, and typically two address bus lines
are connected to provide four addresses on the PIO as follows:

Al A0
0 0—Port A
0 1—Port B
1 0—Port C
1 1—Control register

The control register is used to select the directions of the ports, i.e. the
programmer must place a control byte in the control register before bytes are
transferred through the ports.

It should be noted that microprocessors, memory chips and programm-
able input/output chips are manufactured using the MOS (or CMOS)
technology—this technology is often called VLSI (very large scale integra-
tion). However, a non-programmable alternative to a PIO is available in the
form of an 8-bit register from the TTL family, which comprises ICs for gating
and general digital handling circuits. A typical device that can be utilised as
an input port is a SN74244, which possesses:

8 input lines —connect to external device/peripheral, €.g. 8 pushbuttons
8 output lines—connect to data bus
2 enable lines—one used as Chip Select and connected to address decoder

Typical applications of parallel output ports are:
(1) 8-bit connection to 7-segment display (+ decimal point)

(2) 1 to 8 bits to drive indicator LEDs/lamps or to drive electrical
motor/heater/solenoid



