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PREFACE

Computer interfacing has traditionally been an art, the art to design and
implement the required control electronics for connecting a variety of
peripherals to the main processor.

With the advent of microprocessors, and of LSI chips, since 1976, mi-
croprocessor interfacing is no longer an art. It is a set of techniques, and in
some cases just a set of components. This book presents the techniques and
components required to assemble a complete system, from a basic central
processing unit, to a system equipped with all usual peripherals, from
keyboard to floppy-disk.

Chapters two and three are a recommended reading for every designer
who has not had the experience of designing a basic system. Chapter two
presents the construction of a basic CPU, in the case of popular micro-
processors such as the Intel 8080, 8085, and the Motorola 6800. Chapter
three presents the set of input-output techniques used to communicate with
the external world, and a brief survey of the existing chips which facilitate
the implementation of these techniques.

Chapter four is an essential chapter: the microprocessor-based CPU will
be successively interfaced to every major peripheral: keyboard, LED, tele-
type, floppy-disk, CRT display, tape-cassette.

The following chapters then focus on specific interfacing problems and
techniques, from industrial design (analog-to-digital conversion) (chapter
five) to communication with the outside world (busing, including S-100 and
other bus standards), in chapter six.

Chapter seven presents a detailed case study, which incorporates the
interfacing principles presented in the previous chapters: the design of a
real 32-channel multiplexer.

Finally, chapter eight presents the basic techniques and tools for
trouble-shooting microprocessor systems.

This book assumes a basic understanding of microprocessor systems,
equivalent to the level of book C201 - Microprocessors: from chips to sys-
tems.
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CHAPTER 1
INTRODUCTION

OBJECTIVE

The objective of this book is to present the complete set of techniques
required to interface a microprocessor to the external world. Because of the
availability of new LSI interface chips, which implement most techniques in
hardware, it will be shown that interfacing has become simple.

FROM ART TO TECHNIQUE

Microcomputer interfacing has traditionally been the art of designing
complex boards of logic managing the data transfers and the synchroniza-
tion signals necessary for the processor to communicate with external de-
vices. The processor itself has traditionally required one or more boards of
logic. Each I/O interface has traditionally required one or more boards of
logic. Such Multi-board implementations are obsolete today in most
cases. Large scale integration (LSI) has now resulted in the implementation
of a complete (or almost complete) CPU in a single chip. The new market
created by microprocessors has introduced, in turn, the necessity for man-
ufacturers to provide the required support components. Most of the boards
required to assemble a complete system have now been shrunk into LSI
chips. Since 1976, even device-controller interface chips exist. They do for
interface design what the microprocessor has done for CPU design.

A complete interface board, or most of it, is today shrunk into a few LSI
chips. The price paid, just like in the case of a microprocessor, is that the
architecture is frozen inside the LSI chip.

It is now possible to implement a complete microcomputer system, in-
cluding interfaces, in a small number of LSI chips. If you are still imple-
menting your interfaces on one or more boards of logic, your design might
be obsolete!

Microprocessor interface-chips have not reached their maturity yet.
They are still ‘‘dumb’’ chips. In other words, they can execute only a very
few commands. It can be predicted that in view of the very low cost of a
processing-element, most microprocessor interface chips will become fully
programmable in the near future. They will become *‘processor-equipped’”,
and be capable of sophisticated programmed sequencing. They will become
““intelligent’’ interfaces.
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Although this next step has not been reached yet, all the techniques
presented within this book should retain their validity in the future. There is
always a trade-off between software and hardware implementation. The
balance will change with the introduction of new components, and with the
trade-offs involved in each specific system design.

THE HARDWARE/SOFTWARE TRADE-OFF

Detailed techniques will be presented to solve all the common interfac-
ing problems. As usual in computer design, most of these techniques may
be implemented either by hardware (by components), or by software (by
programs), or by a combination of both. It is always up to the system
designer to strike a reasonable compromise between the efficiency of
hardware, and the lower component count of a software implementation.
Examples of both will be provided.

THE STANDARD MICROPROCESSOR SYSTEM

Throughout this book, reference will be made to a “‘standard micro-
processor.”” The ‘‘standard’’ microprocessor today is the 8-hir microproc-
essor. Examples are the Intel 8080, 8085. the Zilog Z-80, the Motorola 6800,
the Signetics 2650, etc. In view of the pin number limitation on DIP’s
(dual-in-line packages), the 8-bit microprocessor has become the norm. The
reason is simple:

The number of pins is limited to 40 (or 42) by economic considerations.
Industrial testers required to test components having more than 40 pins are
either not available, or would be extremely expensive. All standard testers
will accept only up to 40 or 42 pins. In addition, naturally, the cost of the
package itself increases rapidly over 40 pins.

Because of the limitation of the densities which can be achieved with the
MOS LSI process, it is not yet possible to integrate the complete memory,
plus /O facilities directly on the microprocessor chip. In the standard
system, the microprocessor itself (abbreviated MPU), and perhaps the
clock, reside on a single chip. The memory (ROM., or Read-Only Memory,
and RAM, or Random-Access Memory) are external. Because memory
and I/O chips are external to the microprocessor, a selection mechanism
must be provided to address the components: a microprocessor must be
equipped with an address-bus. The standard width of the address-bus is 16
bits, permitting the addressing of 64 K locations (where K = 1,024: 216 =
64K).

An 8-bit microprocessor will transfer 8-bit data. It must be equipped
with an 8-bit data-bus. This requires 8 additional pins.

8 STANDARD MICROPROCESSORS



At least two pins must be provided for power, and two more for connec-
tion to an external crystal or oscillator. Finally 10 to 12 control lines must be
provided to provide the coordination of data transfers in the system (the
control-bus). The total number of pins used is 40. No pins are left unused.

Because of this pin-number limitation, a 16-bit microprocessor cannot
provide at the same time a 16-bit address-bus, and a 16-bit data-bus. One of
the buses must be multiplexed. This results in turn into a slower operation,
and.in the necessity of external components to multiplex and de-multiplex
the buses.

It can be expected that the progress of integration will soon introduce a
new standard microprocessor, the /6-bit microcomputer-on-a-chip. A mi-
crocomputer-on-a-chip is a microprocessor-plus-clock-plus-memory (ROM
+ RAM) on a single chip. Since the memory is directly on the chip, there is
no longer the necessity to provide an external address-bus. 16 pins become
available. In such a system, at least 24 lines become available for data
transfers. They are general-purpose 1/0 lines. The disadvantage of current
microcomputers is that, for the time being, the quantity of memory which
may be implemented directly on the microcomputer-chip is limited. The
current limitation is 2048 words for the ROM, and 512 words for the RAM.
Adding external memory involves complex multiplexing and de-
multiplexing, and is usually not worth it. However, if a system can be
implemented in the near future with a significantly larger memory, it can be
expected that it will become the next standard design.
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Fig. 1-1: Standard Microprocessor System

For the time being, the 8-bit microprocessor is indeed the standard de-
sign used for ‘‘powerful’” and flexible applications, and will be referenced as
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such. The basic diagram showing the architecture of a standard system
appears on Fig. 1-1. The microprocessor itself, labeled MPU, appears on
the left of the illustration. On most standard systems, up to 1976, the clock
was external to the MPU. It appears here on the far left at the illustration.
Since 1976, the clock circuitry has been incorporated in the microprocessor
chip itself and all recent products do not require this external clock. How-
ever they always require an external crystal or oscillator. It appears here,
connected to the clock
The microprocessor creates three buses:

The 8-bit bi-directional data-bus (implemented in tri-state logic to allow
the use of a direct-memory-access controller, or DMAC).

A 16-bit mono-directional address-bus, connected internally, within the
microprocessor, to the address-pointers, and in particular to the program-
counter (PC). The address-bus is also implemented in tri-state logic in order
to allow the use of a DMAC.

Finally, a 10 to 12-line control-bus, which carries the various synchroni-
zation signals to and from the microprocessor. Control lines are not neces-
sarily tri-state.

All the usual system components are directly connected to these three
buses. The three basic components appear on the illustration. They are
respectively the ROM, the RAM, and the PIO. The ROM is the Read-
Only Memory. It stores the programs. The RAM is the Random-Access-
Memory. It is a read-write MOS memory which stores the data. The PIO is
a programmable input-output chip which multiplexes the data-bus into two
or more input-output ports. It will be studied in more detail in chapter three.
These ports may be connected directly to input-output devices, or to
device-controllers, or may require the use of interface-circuits.

The interface-circuits or interface-chips required to interface this basic
system to actual I/O devices will be connected to these buses, whether the
microprocessor buses or the input-output buses created by the P10, or by
other chips.

Interfacing techniques are precisely those techniques required to con-
nect this basic system to the various input-output devices. The basic inter-
facing techniques required to connect any microprocessor system to input-
output devices are essentially identical. They will be described in detail in
chapters three, four, and five. At the level of the microprocessor itself, the
logical and electrical interface required is simple. All standard microproces-
sors have essentially the same data-bus and the same address-bus. The
essential difference is the control-bus. 1t is the specific characteristics of the
control-bus which make input-output interface chips compatible or incom-
patible from one microprocessor to the next. As an example of basic inter-
facing characteristics, the basic 8080, 6800, and 6502 SC/MP, inter-
facing characteristics appear on Fig. 1-2.
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Interfacing input-output devices requires the understanding of two basic
techniques: a
1. The assembly of a complete CPU, using a microprocessor chip. This
topic will be addressed in chapter 2.

2. The fundamental input-output techniques used to communicate between
the microprocessor and the external world. This topic will be addressed
in chapter 3.

MICROPROCESSOR CONTROL SIGNALS

It has been shown that a standard MPU creates three busses: the 8-bit
bi-directional data bus, the 16-bit mono-directional address bus, and a
control-bus of varying width, depending on the microprocessor. The
data-bus is essentially identical for all microprocessors. It is 8-bit-bi-direc-
tional bus, normally implemented in tri-state logic. Similarly, the address-
bus is almost universally a 16, or sometimes 15-bit mono-directional bus,
used to select a device external to the MPU. The actual use and inter-
connect of the address-bus and the data-bus will be presented in the next
chapter. The third bus is the only complex one. It carries the micro-
processor control signals or “interface signals.”

The control bus provides four functions:
1. memory synchronization

2. input-output synchronization

3. MPU scheduling -- interrupt and DMA
4. utilities, such as clock and reset.

Memory and input-output synchronization are essentially analogous.
A hand-shake procedure is used. In a “read” operation, a “ready” status
or signal will indicate the availability of data. Data will then be trans-
ferred on the data-bus. In the case of some input-output devices, an
“acknowledge” is generated, to confirm the receipt of data. For “write”
operation, the availability of the external device is verified through a
status-bit or signal, and the data is then deposited on the data-bus. Here
also an “acknowledge” might be generated by the device to confirm the
receipt of data.

The generation, or non-generation, of an “acknowledge™ is typical
of the use of the synchronous procedure versus an asynchronous one.
In a synchronous procedure, all events take place within a specified
period of time. In this case there is no need to acknowledge. In an asyn-

INTRODUCTION 11
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Fig. 1-2: Signal Equivalences
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chronous system, an acknowledge must be generated. The choice of a
synchronous versus an asynchronous communication philosophy is basic
to the design of a control bus. A synchronous design has a potential
for a higher speed and a lower number of control lines. However it imposes
speed constraints on the external devices. An asynchronous design will
require an additional acknowledge, and somewhat more logic, but allows
the use of components of varying speeds in the same system.

il
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Fig. 1-3: 8080 Control Signals

As examples the 8080 Control signals are illustrated in Fig. 1-3 with
the bus timing in Figures 1-4 and 1-5. In contrast, the 6800 bus is shown
in Figures 1-6 and 1-7. In chapter two these buses will be explained.
Chapter six expands on buses and describes some standard buses in use
today.
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