Name
Class
Teacher

NGINEERING
SCIENCE

Logic Control

Ellon Academy
Technical Faculty




Learning Intentions

©O O O o O

To learn about “Logical” electronic systems

To know what an IC chip is and how it is used

To know about simple and complex logic gates

To know and understand what a truth table is

To know what a Boolean expression is and how to develop it

Success Criterig

O O oo

o

To access video clips that will help on this course
go to www.youtube.com/MacBeathsTech

| can draw circuit diagrams of logic circuits

| can develop analogue electronic control systems

| can develop digital electronic control systems

| am able to Simulate and construct digital control systems using
logic components

| understand the terms logic 1 and logic O

| can draw truth tables for the following gates: AND, OR, NOT
Using simple formulae, | can construct Boolean equations




Switching Logic

Although it may not always seem like it, electronics and electronic
systems are very logical in the way that they work. In the simplest
form, if you want a light to come on, then you press a switch. Of
course, it dets more complicated than that. Most technological
systems involve making more complicated decisions: for example,
sorting out bottles into different sizes, deciding whether a room has 3
burglar in it or not, or knowing when to turn a central heating system
on or off.

Logic gates are used in dealing with and processing a combination of
different inputs. This switching logic can be applied to electrical
switches and sensors, pneumatic valves or hydraulic systems. Switching
logic uses logic qates to perform decisions. In S1 and S2 you have
already have experience of NOT, AND and OR logic gates.

NOT gate
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Integrated circuits

Although logic gates have electronic symbols, they are not discrete
components: they are contained in integrated circuits. Integrated
circuits (1Cs) are silicon-based components containing complex
circuits. There are two main types TTL (transistor-transistor Logic or
7400IC series) or CMOS (Complimentary Metal Oxide Silicon or the
4000IC series).

You will be dealing with TTL IC Chips. TTL stands for

transistor—transistor log.

We will be using TTL IC’s and there reference numbers start with “74".
You can see the outline diagram of the 74 serious in your data
booklet. This diagram will show you the pin connections as the pins.
IC’s are too small to have the numbers on in real life.

Key things to remember are that there will be a notch in one end of
the 1C and beside it a big dot. The dot is positioned next to Pin 1 and
the pins are numbered anti-clockwise from pint to pint4.

Notice that the 1C gets its power through Pin 7 and Pin 14 and it is 3
signal voltage going to or coming from the other pins.



Differences between TTL and CMOS 1Cs

TTL chips have been traditionally used in schools because CMOS chips
were easily damaged by static energy. However there are other
differences.

CMOS chips only use small currents (3bout 8uA) while TTL ones use 3
much larger current (about 3mA, which is almost 400 times as much)
which is reflected in their power consumption especially when you
may have hundreds of them in a mainframe computer.

TTL chips need more precise supply of voltage than their CMOS
equivalents but they have much faster switching speeds, which is

important in high-speed telecommunications, etc.

The main differences are summarised in the table below.

Property TTL CMOS
Series 7400 4000
Power supply 5+or —0.25v 3to15v
Unused inputs Float high indeterminate
Power High Low

consumption

Switching speed Fast Slow

Effect of static Not affected | Can be damaged




Task 1
For each of the following examples, state whether the output Z is at
logic O or logic 1.

a) b)
T — 7 1 4
1 —
7= Z-
c) d)
T
4 z
0 1T —
7= Z-

e) 1
0 Z

C N z-
—

9 :D—Do—}

0 —\ TN\ Z=
—

1

By using the E & L Boards, build the circuits using switches as inputs and a bulb as
check if you are correct




Boolean Expressions

Each logic gate has a corresponding Boolean mathematical formula or
expression. The use of these expressions saves us having to draw symbol

diagrams over and over aqain.

OR ") >—z  Z=A+B



Combinational Boolean

So far, we have only looked at simple logic systems. In reality, most
logic systems use 3 combination of different types of logic gates. This
is known as ' Combinational Logic’ Boolean Expressions can be worked
out from these to know the equation for the circuit..

Example

S =D O

C

To work this out you have to take it one step at 3 time and work out
the equation as it goes through each logic gate.

o S O

You can find out that the line for A soon turns into A

2. A Y
A [>o iAB
B _>_Z

C

The lines for A and B now changes at it goes through the next logic
date.

A X+B
D
B

C
As we progress through the circuit we can now add C.

(A+B) .C

7 =(A+B)+C




Task 2

Work out the Boolean Expression for each of the following

a)

A e D>




Combinational Logic tables

For each Combinational Logic diagram a logic table can also be
worked out. This can look confusing but if we take our time it can be
very simple.

Example T
A u
B ’ http://www.youtube.com/wah=6et_ MMBJY RA
C Z

By creating a new row in our truth table for once the circuit has went
through a logic qate we can take this in simple steps

1. We also need to have extra rows to ensure we are showing EVERY
possibility.

In this case we need to work out 2
possible options for everything the
OR gate. This means there will be 8
possible options.

Another we of ensuring we have all
the possible options is using the Say
we have 3 inputs to a logic system,
using powers of 2 we can calculate
the number of possible combinations
of input to the circuit 3s follows,

No. of combinations = 25 = 8




B

We now have to take this in stages.

D is the output for A and B so this is what to
work out first,

3.

We now have to put in the options for C
ensuring we have covered ever single

possibility.

Eg. There should be 2 O — O combinations for
A& B, so we have to put the 2 possible
options in for C to ensure we have covered
every single possible option

A D
B

By looking at our diagram we can see that the
inputs to Z is D & C. We now use these 2 rows
to work out Z

A B

o) O

) O

o) 1

o) 1

1 O

1 O

1 1

1 1

A B

o) O

) O

) 1

o) 1

1 O

1 O

1 1 1

1 1 1

A B D Z
o) O ) 0)
) O ) 1
) 1 ) 0)
o) 1 ) 1
1 O ) 0)
1 O ) 1
1 1 1 1
1 1 1 1
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Task 3
In your jotters, redraw these combinational logic circuits, work out the

Boolean expression then work out the logic tables.

: A4>oc—}z

) Aiy

d) A — D E
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Creating Lodic Diagrams
From Truth Tables

When designing systems, it is normal to design a logic diagram from 3
prepared truth table. This may seem difficult to start with, but if you
concentrate on the combinations which give a logic 1 condition in the
output column, solutions can be found easily.

The truth table below shows two inputs, A and B, and one output, Z.

A|lB|Z
olo|o
ol1]0
1101
1110 ——Z=A.B

The output Z is at logic 1 in the third row down, and we can see that
for this to happen A must be at logic 1 and B must be at logic O. In
other words

Z=AAND NOT B

This means that we need a two-input AND gate, with B being fed
through a NOT gate. We can write the statement in shorthand
Boolean as

Z=A oF
This means that the logic diagram is as shown below.
A
B A.B
3 B
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Example

In this problem we have three inputs, A, B and C, with one output, Z.
From the truth table we can see that there are two occasions when the
output goes to logic 1.

Al B | C|Z

O]l 0| 0O0]O

O] O | 1 @)

0| 1]0]0 .
o1 1|1 —>Z=A.B.C
1 O] OO

110 1T1]O0

1|1 ]o]1 —7=ABC
1 1 1 @)

In other words, Z = 1 if
A s at |ogic TAND B is at [ogl'c TAND Cis at [ogl’cT
OR
A s at |ogic TAND B is at [ogl'c TAND Cis at [ogl'c @)

This means we need a two-input OR gate being fed from two three-
input AND gates as shown below.

‘ > A
A DﬂB.C

B D—(K.B.C) + (A.B.C)
c

A.B.C

‘ > - C

The shorthand Boolean equation for this truth table is

Z = (A.B.Q) + (A.B.C)
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Task4
Draw the logic diagrams and Boolean Expression for the following

truth tables

3)

_\_\Oo>
A |lo|—~|O| o
OO~ O N

b)

A|lB|Z

0101

01110

11011

11110
c)

Ala|lo|lo|l >
~|lo|la|lolw
ool N
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0(0]0

A|lB|C|Z
0({0]010

1

0(0]0

Draw the logic diagrams and Boolean Expression for the

following truth tables.

Task 5

a)

A|B|C|Z
0(0]010

1
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Building Circuits with IC Chips

Although the chip contains complex circuitry, the internal wiring can
be shown as simple logic circuits with the inputs and outputs of each
logic gate shown. This is called a pin-out diagram. These are shown at
the bottom. Your Data book also lists the most common 1C’s so you
can use this during tests and exams.

Pin 14 is connected to the 5-volt stable supply (power supply) and pin
7 to O volts (ground line). This must ALWAYS be done to ensure the
chip is powered.

+Vee +Vee
[ [7] [@ [ [ [5] [l [@ [@ [ [6 [ [3
I_—l I_—l
|
9 £ P e
O] [ B & T [ [ 0T T2 B B BT 1o
7404 (0r\1/) 7400 (or\1/)
+Vee +Vee
[14] [13] [r2| [n] [wo] [e] [e] [4] [1s] [r2] [n] [wo] [e] [e]
CpY =
| |
M l:'_—l . I_—|
Iﬂlillillillillillél, Iﬂlillillillillilg
7421 (Or\]/) 7420 (Or\]/)
+Vee +Vee
[14] [1s] [i2] [u] [wo] [o] [e] 1] [13] [re] [n] [ro] [e] [e]
. 2= | [ Iy 1
|1_||L||i||il|il|i||é|, |1_||L||i||i||i||i|g
7427 (Or\]/) 7432 (Or\]’)
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Test Equipment

When trying to establish logic levels within a complex system or to
monitor 3 logic output without using an LED, we use a digital logic

probe.
: il i§ LOGIC TESTER II“

The logic probe is powered from the same supply as the logic circuit
being tested and the needle point is pushed aqainst the various pins on
the IC to test their logic level. Normally the logic probe gives out 3
high-pitched sound and a red LED lights if the pin being tested is at
logic 1. If the point tested is at logic O, 3 low-pitched sound is emitted
and a green LED lights.

17



Task 6
Work out the logic for these circuits. Once completed this using the

breadboards to build these circuits and test with the logic tester. DO
they work as expected?

-

b)

? Q:D_D—DO-Z

N

C D
=D Do

9)

:

Should the output be logic 1 or O? Connect 3 bulb to the circuit to see
if you are correct

18




Task 7

The central heating in 3
house is to be controlled by
an electronic circuit,

Part of the electronic circuit
is shown below.

-'-V\':L‘c T

LﬁlﬁlﬁlﬁlﬁﬂT

D 7404

L]
CT 1 2 [0 T I+ [ INEREEGROROND
A-T t ;
el et T T T T Z—Boiler

Sensor o

B-Timer o}

C=Test switch &

OV

Complete, with reference to the 7400 pin-out diagram and the wiring
diagram, the logic diagram for the central heating system.

19




Task 8

The following logic diagram is required for an electronic alarm system.

ADC

BCO—* L

Co

a) Develop the Boolean expression for Z, in terms of A, B and C.
7 -

b) Complete the truth table below for the logic diagram.

A B C Z
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1
1 0 0 0
1 0 1
1 1 0
1 1 1 1

20




Task 9
The Boolean statement used to describe part of the operation of 3

coffee machine is shown.
(A-B)+ (A-B)=Z
(3) Complete the truth table below, for the Boolean statement.

A B Z
0 0
0 1
1 0
1 1

(h) Complete, with reference to the Boolean statement, the logic
diagram for the coffee machine using NOT, AND and OR gates.

Ao

o Z

B o

The circuit is to be constructed from the 4000 series family of
Integrated Circuits (1Cs).
(o) State the name of this IC logic family.

21




Task 10
The wiring diagram for 3 digital electronic circuit is shown

\.ICCD
Co o
Z
7404 ) 7432
Ao 1 TTT |
Bo

0Vo

(3) Complete, with reference to the above diagram and the Data
Booklet, the |ogic diagram for the circuit.

Ao—

CcCo—

b) State, with reference to the Data Booklet, the full name of the
following Integrated Circuits.

7432 -

7408 -

The circuit uses the TTL logic family.
(o) State, for this logic family:

(i) its full name:

(i) its operating voltage;

(iii) one reason, other than operating voltage, for its use.
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Task 11
The logic diagram for an electric air freshener is shown

| X ,
timer (') © }>O Y air
} freshener

person sensor (P) o (Z)

on/off switch (S) o

a) State the Boolean expression for the air freshener (Z) in terms of T,
Pands.

/=
b) Complete the truth table for the logic diagram shown
S P T X Y Z
(1 = person sensed) | (0 = timer on)
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

c) Complete the wiring diagram below.

VvV o |
) J‘! J‘\ J‘\
OO n O rirg imimimimininl

p 7404 D 7432 D 7408
timer (T)o
person sensor (P)o 0
on/off switch (8)o freshener
0Vo (Z)
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Task 12

Build this circuit using the Modular boards

LINN

PYTSINIWNYLSNI 18 3

g

o
00

LINNHOLIMS

PITSINIWNYLSNI 178 3

HHHT o
e

@aﬂo 1

-

POWER
CONNECTION ——55]

LIGHT SENSING UNIT
E&LINSTRUMEN 55 5

&

AND GATE

E & L INSTRUMENTS [e1e)
1-

5

OR GATE

E & L INSTRUMENTS
1

(o))

TRANSDUCER DRIVER

BULB UNIT

E & L INSTRUMENTS Ltd

a) Draw the circuit diagram for this circuit

b) What is the Boolean Expression for the circuit

c) Complete the truth table

OO|__E&LINSTRUMEN 53]
i

M agnetic switch L ight sensor Push switch Bulb
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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Task 13

3) Build the circuit below using Modular Boards

Light
Sensor

Inverter

OR Pressure
Gate < Pad
\4
Power Push AND _| Tansducer Bulb
Connection Switch Gate "I Driver Unit

b)_Draw a logic diagram of this system

c) Write the Boolean expression for this system

d) What is the purpose of the AND gate?

e) Why is the inverter (NOT gate) included?
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Task 14
1. Explain how a NOT Logic date works. Draw the truth table to help

explain your answer

2. Explain how a OR Logic gate works. Draw the truth table to help
explain your answer

3.. Explain how a AND Logic gate works. Draw the truth table to help
explain your answer
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