


Introducing Microprocessors

plex support devices) often require 40-
pins or more. Fig. 1 shows some com-
mon DIL package outlines together
with pin numbering. It should be noted
that these are TOP views of the
devices, i.e. they show how the device
appears when viewed from the com-
ponent side of the PCB, NOT from the
underside.

In each case, the pins of the IC are
numbered sequentially (starting at the
indentation) moving in an anti-clock-
wise direction. Thus, in the case of a
14-pin DIL package viewed from the
top, pins one and 14 appear respective-
ly on the left and-right-hand side of the
indentation.

Problem 1.1

Fig. 2 shows the outline of an 8-pin
DIL device viewed from above. Iden-
tify the pin numbers for this device.

Fig. 2. An 8-pin DIL package.

Logic Families

The integrated circuit devices on which
modern digital circuitry depends
belong to one of the other of several
“logic families”. Readers should note
this term refers to the type of semicon-
ductor technology employed in the
fabrication of the integrated circuit.

The  semiconductor  technology
employed in the fabrication of an in-
tegrated circuit is instrumental in
determining its characteristics. This
encompasses such important criteria
as supply voltage, power dissipation,
switchmg speed, and immunity to
noise.

The most popular logic families, at
least as far as the more basic general
purpose devices are concerned, are
Complementary Metal Oxide Semi-
conductor (CMOS) and Transistor
Logic (TTL), TTL also has a number
of sub-families including the popular
Low Power Schottky (LS-TTL)
variants,

For the curious we have shown the
internal circuitry of representative
CMOS and TTL two-input AND gates
in Fig. 3. Despite the obvious dis-
similarity of these two arrangements, it
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Fig. 3. Representative circuitry of
two-input AND gates.

must be stressed that they have IDEN-
TICAL logical functions.

TTL logic

The most cominon range of conven-
tional TTL logic devices is known as
the “74” series. These devices are, not
surprisingly, distinguished by the prefix
number 74 in their coding. Thus
devices coded with the numbers 7400,
7408, 7432, and 74121 are all members
of this family which is often referred to
as “Standard TTL”. Other versions (or
“subfamilies”) of standard TTL exist
and these are distinguished by ap-
propriate letters placed after the “74”
coding. Where “Low Power Schottky”
technology is used in the manufacture
of a TTL logic gate, for example,
device coding include the letters “LS”,
Thus a 74L.S00 device is a Low Power
Schottky version of a standard 7400
device.

CMOS Logic

The most popular CMOS family is the
“4000” series and devices have an ini-
tial prefix of 4. Thus 4001, 4174, 4501
and 4574 are all CMOS devices.

CMOS devices are sometimes also
given a suffix letter; A to denote the
“original” (now obsolete) unbuffered
series, and B to denote the improved
(buffered) series. A UB suffix denotes
an unbuffered B-series device.

Problem 1.2

To which logic families do each of the
following devices belong?

(a) 7407

(b) 74LS74

(c) 4052

Power supplies

Most TTL and CMOS logic systems
are designed to operate from a single
supply voltage rail of nominally +5V.
With TTL devices, it is important for
this voltage to be very closely regu-
lated. Typical TTL IC specifications
call for regulation of better than 5%
(i.e. the supply voltage should not fall
outside the range 4.75V to 5.25V).

CMOS logic devices are fortunately
very much more tolerant of their supp-
ly voltage than their TTL counterparts.
Most CMOS devices will operate from
a supply rail of anything between +3V
and + 15V. This, coupled with a mini-
mal requirement for supply current (a
CMOS gate typically requires a supply
current of only a few microamps in the
quiescent state) makes them eminently
suited to portable battery powered
equipment.

TTL devices require considerably
more supply current than their CMOS
equivalents. A typical TTL logic gate
requires a supply current of around
8mA,; approximately 1000 times that of
its CMOS counterparts when operat-
ing at a typical switching speed of
10kHz.

CMOS versus TTL

Having spent some time in discussing
the merits of CMOS and TTL devices
it is now worth summarizing three of
the important differences between
these logic families in tabular form:

Problem 1.3

Which logic family would be most
suited for use in a piece of equipment
which has to operate over long periods
from dry batteries?

Microprocessors

Having dealt with the basic building
blocks of digital circuits we have at last
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it is worth briefly restating the function
of each:

Central processing unit (CPU)

The central processing unit in a
microcomputer is a single VLSI
device, the microprocessor. The device
accepts instructions and data for
processing, It also provides control and
synchronizing information for the rest
of the system. We shall look more
closely at the function of the
microprocessor in Part Two.

Random Access Memory

All microprocessors require access to
read/write memory and, while single-
chip microcomputers contain their
own low-capacity area of read/write
memory, read/write memory is in-
variably provided by a number of semi-
conductor random access memories
(RAM).

Read-only Memory (ROM)

Microprocessors generally also require
more permanent storage for their con-
trol programs and, where appropriate
operating systems and high-level lan-
guage interpreters. This facility is in-
variably provided by means of semi-
conductor read-only memories
(ROM).

Input/Output Devices (I/0)

To fulfil any useful function, the
microprocessor needs to have links
with the outside world. These are
usually supplied by means of one, or
more, VLSI devices which may be con-
figured under software control and are
thus said to be “programmable”. I/O
devices fall into two general categories;
“parallel” (a byte is transferred at a
time) or “serial” (one byte is trans-
ferred after another along a single
line).

The basic configuration of a
microprocessor system is shown in Fig.
4, the principal elements; microproces-
sor, ROM, RAM, and I/O have been
shown. Note that the three bus sys-
tems; address, data, and control are
used to link the elements and thus an
essential requirement of a support
device is that it should have “tri- state”
outputs. It can thus be disconnected
from the bus when it is not required.

Support devices (such as ROM,
RAM, etc.) are fitted with select or
enable inputs. These lines are usually
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Fig. 4. Principal elements of a microprocessor system.
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Fig. 5. Microprocessor system (see problem 1.4).

driven by address decoding logic (not
shown in Fig. 4). The inputs of the ad-
dress decoding logic are derived from
one, or more, of the address bus lines.
The address decoder effectively
divides the available memory into
blocks which each correspond to a par-
ticular support device. Therefore,
where the processor is reading and
writing to RAM, for example, the ad-
dress decoding logic will ensure that

Table 1 Powers of two
n 2"
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1024
1 2048
12 4096
13 8192
14 16384
15 32768

only the RAM is selected and the in-
ternal buffers in the ROM and I/O
chips are kept in the tri-state output
condition.

Problem 1.4

The diagram shown in Fig. 5 repre-
sents a microprocessor system. Com-
pare this diagram with that shown in
Fig. 4 and hence label the diagram
fully.

Number Systems

Unfortunately, the decimal or decimal
number system with which we are all
very familiar, is not at all appropriate
to microcomputers. The reason is
simply that electronic logic circuits are
used on devices which have only two
states (variously known as “on/off”
“high/low”, and “true/false”). The
number system most appropriate is
therefore binary in which only two
digits (0 and 1) are used. Powers of two
are shown in Table 1.

The process of converting binary to
decimal and decimal to binary is quite
straightforward. The binary number
101, for example, can be converted to
decimal as follows:
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