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Chapter 1 Developing Digital System

Develéépi;'xg Digital System

1.1  Digital Systems and. Analog Systems

In our llves we can see many digital devices and analog devices. For example a
clock may be a digital device or an analog device. TV sets ‘were analog devices,
whereas they are digital devices now. Today, cameras, medla players and computers
are dlgltal devices.

A digital device stores, processes and represents iriformatioo_ in discrete forms. An
anolog device deals with information in continuous forms. t

A digital device has a digital circuit in itself. Usually, we call a digital device the
digital circuit, or the digital system.

In this book, we will study how to design digital c1rcults

1.2 Two Methods of Dlgltal Clrcult Desugn

There are two methods to construct a dxgltal circuit. One is the tradltlonal method
and the other is the modern method. The traditional method uses standard logic chips,
and the modern method uses a programmable logxc device ( PLD) Let us compare the
two methods.

1.2.1 Tradltlonal Method—Usmg Standard Loglc Devnm

Fig. 1-lais a logic function. Fig. 1 -1b is a logxc c:rcmt which ha.s this logic

functlon




TIE 50
A i B
| bl .
141312 1 1 31p 1 &
7404 7
(@) Truth table. °| P ®
4 T ?71' ) 0,
==
(b) Logic circuit. 08

Figure 1-1 'Constructing a dircuit using standard logic devices.

The circuit has two inputs, A and B, and four outputs, Oy, O,, O, and O,. At
any time, only one output is high and the rest outputs are low. First, we write the logic
expressions for the logic function. Second, we use K-map to achieve the simplest sum-
of-product form. Third, we select three mtegrated circuit (IC) chips such as 7404,
7406 and 7432. Fourth, we construct this circuit on a printed circuit board (PCB).

This is the traditional method of constructing digtal circuits. It has some
disadvantages, for example:

1) More than one logic IC chips may be used.

2) Wire laying is time-consuming.

3) Wrong and bad wire laying may happen.

4) Modifying a circuit w111 be very dlfﬁcult

1.2.2 Modern Method—Usmg Programmable Loglc Devices

By using a PLD, a computer—aided de‘sign (CAD) tool, and a computer language,
we can easily construct a logic circuit.

The first step is describing the logic function. We use a computer language to write
computer programs. The computer language is a hardware description language
(HDL). ' C

The second step is compiling the HDL program. We use the CAD tool to create a
virtual logic circuit. Then, the operation of this virtual circuit is simulated.

The third step is simulating the operation of this virtual circuit. From the result of
simulation, we can know if the virtual circuit works well. Of course, the simulation
may be unsuccessful. Then, we should do the first step work and/or the second step
work again.

The fourth step is downloadmg the design into a PLD. When downloading
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completed, your lo,g;ic tircuit has been constructed in the PLD chip.

The last step is testing the real PLD circuit. We can make the test experiment by
using some switches and some LEDs.

In Fig. 12, a PLD is used to construct a logic circuit. It has the same logic
function as Fig. 1-1. .

I'n_gu;‘ts Oumuts ,I_[m&
A B 03 O&'QI Oy

0ofojofo]t1

01folof1]o
1ojffol1{o]lo]"

1 1]1/o]o]o

(a2) Truth table .

0, -0, 0 0

(b) Logic circuit,  Outputs
Figure 1-2 Constructing a circuit using Programmable Logic Devices (PLDs).

This is the modern method of constructing logic circuits. It has the following
advantages ; )

1) Only one chip of PLD may be used.

2) Wiring errors can be avoided.

3) Modifying the circuit may be very easy.

4) The PLD can be used many times.

5) All work is time-saving.

1.3 _ Introduction of Programmable Logic Devices

As we know, today’s digital circuits are integrated circuits (ICs). One kind of
these ICs are PLDs. The PLDs are half-made ICs. On a single chip, there are millions
of logic gates. A PLD contain the logic elements, interconnection wires, and so on.

PLDs can realize logic functions by using all the resources.
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1.3.1 Early Programmable Logic Devnces

The programmable logic array (PLA) is the earliest PLD. In Fig. 1-3a, a PLA
chip contains a set of NOT gates, AND gates, and OR gates. On the left is a
programmable AND gate array. On the right is a programmable OR gate array. In each
array, all gates are interconnected with programmable switches.

Then,, the programmable array logic (PAL) chip appeared. In Fig. 1-3b, a PAL
is simpler than a PLA. In PAL, the AND gate array was programmable but the OR gate
array was not. ‘ :

inputs and OR inputs ¢ AND inputs are programmable(x).
are programmable (x). 4 OR inputs are fixed (-).
=
r —
T —— d
)l——’—J _,_./
e } - & @
B - BRIRESING
0, 0: O 0o ' ‘O; 0. O O
(a) Programmable logic array(PLA). (b) Programmable array logic (PAL).

Figure 1-3 Early types of programmable logic devices.

The PLA and PAL could creat a.ny logic function. However, they are small-
scaled. To construct a circuit, we had to use more than one chip. PLAs and PALs use
fuses at the wire cross-points. Once a fuse was blown, it can not be resumed. So PLAs

and PALs are one-time programmable.

1.3.2 Today S Programmable Logic Devices

Later, two very large PLD chips were made. One is complex programmable loglc
device (CPLD) and the other is field-programmable gate array (FPGA). Fig. 1-4
shows the structure of them. They have different structures. A complete digital system
can be programmed into a single CPLD or FPGA.

Fig. 1- 4a shows the CPLD. It contains several. PLD blocks and a global
interconnection matrix. To construct a logic circuit in a CPLD, the PLD blocks. and the
matrix must be programmed. The PLDs perform the logic function. The matrix
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determines the connection between PLDs.

Fig. 1-4b shows the FPGA. It has several programmable logic blocks and
switches. To construct a logic circuit in an FPGA, both logic blocks and switches
should be programmed. Programming the logic blocks can perform logic functions.
Programming the switches can connect the logic blocks.

The interconnections in CPLDs are reprogrammable. And the switches in FPGAs

are reprogrammable, too. So they can be used again and again.

o , ....................................... 3
[l o] :
i lpLD) PLD)
i [*— Global [ !
1/0 <= interconn. i Vo
i matrix  — !
! |pLD PLD |
i ] i
e 10
(a) CPLD (b) FPGA

Figure 1-4 Today’s programmable logic device types.

1.4 Computer-aided Design of Logic Circuits on PLD

Today, it is impossible to develop digital circuits without CAD tools. Usually,
several CAD tools are packaged into a CAD system. Generally, the developing process
contains six steps. Fig. 1-5 shows the six steps.

We explain the six steps one by one:

Step 1: Describing the new circuit. Logic circuits are described in the language,
VHDL. By using the CAD system’s text editor, this work can be done. 1

Step 2: Compiling the circuit. The described digital circuit is compiled into logic
equation form. And the logic equation form is minimized.

Step 3: Verifying the operation of the circuit. By using the CAD’s functional and
timing simulator, the compiled circuit is simulated. That is, it is verifying to be

correct.



