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Overview

Focus: Boolean Algebra

Architecture: Combinatory Logical Circuits
Textbook v4: Ch2 2.1 2.2; v5: Ch2 2.1 2.2
Core ldeas:

1. Logical Gates

2. Introduction to LogicWorks
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Logic Gates

And, Or, Not Gates, LogicWorks



What is a Logic Gate?

e A basic circuit unit implemented using transistors and interconnections

e We when analysing a digital circuit, are not concerned with the internals of a
gate, but only it’s external properties

e Performs a single logical operation
operate on one or more binary input signals to produce an output signal




What is a Logic Gate?

e Similar to in electric circuit design, we
are not concerned with the design of

the lightbulb or battery, but we know
what it does.
+ Light
Bulb

e Alogic gate is like that, we know it’s -
external logic properties, that's
enough.

Switch

Wire




First 3 Gates

AND Gate A _D—Z =X-Y
Y —

OR Gate X®Z=X+Y
Y

NOT Gate X 4[>O—Z =X




First 3 Gates

AND Gate
OR Gate

NOT Gate




First 3 Gates

AND Gate
OR Gate

NOT Gate




AND Operator and
Boolean Algebra / Binary Logic

e Boolean Algebra

Logic Gates

e Each variable can only have one of
two values:

X — | » TRUE/ON/1

e False/OFF/0

e AND: Zis equalto X AND Y

e Operator: - (\cdot)




AND Operator and
Boolean Algebra
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e AND: Zis equalto X AND Y

e Operator: - (\cdot)

e Truth Table

e | eft: all combinations of input values

e Right: corresponding output values




OR Operator
);j—Z:)H Y

OR Truth Table |
e OR:Zisequalto X orY

e Operator: +




NOT Operator
o z3

NOT Truth Table e NOT: Zis equal to NOT X

e Operator: X (\overline{X})

e Also called: Complement operation;
Inverter gate




Logic Gate and
Boolean Algebra
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e Logic Gates e Boolean Algebra Operators
e AND Gate, OR Gate, NOT Gate e AND (), OR (+), NOT (X)
e Actual physical components e Mathematical Representations
THEY HAVE

DIFFERENCES!




Digital Logical Gates

 |n math, everything happens simultaneously

e An equation like 250 + 760 = 1010 doesn’t change with time/location

* |n digital circuits, we have electrons as 'messengers’'. They travel at about
2,200 kilometres per second

e | ogic gates are tiny circuits, which means they still have internal
components: even slower

 This means: there will be tiny delays called Gate Delay




Digital Logical Gates

Timing Diagram
Y —

/=X-Y
y ——




Digital Logical Gates

Timing Diagram
Y —

/=X-Y
y ——




Digital Logical Gates

Timing Diagram
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/=X-Y
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Digital Logical Gates

Timing Diagram
Y —

/=X-Y




Digital Logical Gates

Timing Diagram
Y —

/=X-Y
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Digital Logical Gates

Timing Diagram (I DEAL)
Y —
/=X-Y
Y — -




Digital Logical Gates

Timing Diagram (I DEAL)
Y —
/=X-Y
Y — -




Digital Logical Gates

Timing Diagram (R EALITY)
Y —
/=X-Y
Y —_— -
]
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Y 0 0 1 | 1 0




Digital Logical Gates

Timing Diagram (R EALITY)
Y —
/=X-Y
Y —_— -
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Digital Logical Gates

Timing Diagram (R EALITY)
); - Z=X-Y




Gate Delay

e (Gate delay are small, but not ignorable in practice
e for simulation, you can ignore it for now

e (Gate delay differs for different types and implementations of Gates




Simulation 1

X
Y 7/,
Truth Table




Simulation 1

Truth Table




Simulation 2

X
Y
Truth Table F
F
/

= -k == OO0 OO0
—_ O = O=0-=0 N

Y
0
0
L
L
0
0
L
1




Simulation 2

Truth Table F




Simulation 3

Truth Table

= -k == OO0 OO0
- O=0=0=0 N

Y
0
0
L
L
0
0
L
1




Simulation 3

Truth Table
F=XYZ+XYZ+ XZ

= -k == OO0 OO0
- O=0=0=0 N

Y
0
0
1
1
0
0
1
1




Summary

e AND, OR, NOT Operators
e |Logic Gates

e [Iming diagram

e Jruth Table

e (Gate Delay
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LogicWorks

Fire up your computer please!
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Tutorial

Welcome to LogicWorks

Create a new circuit diagram ‘ Create I

— Open an Example File

|*Ereate a new, emphy circuit

Open one of the example files Examples...
provided with Logiciwaorkz.

— Open an Existing Design

C:\Program Files ...c\wWorks BAERamples\Simulate. CCT

Upen

Browsze. .

— Create a Simulation Model

Uze the Model Wizard to define a new simulation model using Model Wizard,
either WYHODL or a circut diagranm.

— Continue with Ma Circuit Open

Cancel

1. Open LogicWorks, Create new circuit diagram
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1. This is the main interface



LogicWorks 5 - [Circuitl.cct] — O X

P2 & File Edit View Schematic Simulation Window Help - & X
Tutorial D ||| & |=|mee|e|Llan A al+|+]| &[o[=]=] & [m =2
= =@ 24| 9% ofx|=] & k|&] ) Elns‘
o I3
I.ﬁ.LL LIER&ARIES *I
ALL LIBRARIES :
FA00. cIf
Connectors. CLF
Dizcretes. CLF
Fseudo Devices. CLF
Simulation Gates. clf
Simulation [0, clf
Sirmulation Logic. clf
Spice.CLF
i WHOLPrims. clf
7404 'U"' Freview
24010
101 Filter: I
74102
0, 2
LY
< 74 106 +Fuf
L 74 _106.a
'B:- Circuit1.cct 74 106.b v

< >

| [« > 1]}, viming

Ready T »

1. Select Simulation 10 from the Parts Palette
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1. Pay Attention to Binary Probe and Binary Switch
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1. Double click and place one of each on the main board
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1. Use the 'Draw Signal' tool to connect the two parts



LogicWorks 5 - [Circuit1.cct]
& File Edit View Schematic Simulation Window Help

D ||| & [5]m[ee| 2|02
1= ||

— X
-5 x
SN = el e
] #| 0ns ’
izl x|

| ad Circuit1.cct

Simulation [0.clf |

CI—

¥ Preview

Filter: I

#-SegDizp - Green A
7-Seg Disp - Magen
75eq Dizp - Red
7-5eq Dizp - Yellow
75eq Dizp lnv - Bla
#-5eqg Digp lnv - Blu
#-5eqg Dizp lnv - Cye
7Seq Dizp lny - Gre
75eq Dizplav - Ma
7SeqDizplnv - Res
7-5eq Dizp lnv - el
ASCI Dizplay

Binari Frobe

Clock,

Glitch Detector

Hex Dizplay

Hewx K.eyboard

Hex K.eyboard wolS
LED - Black,

LED - Blue

LED - Cpan

LED - Green

LED - Magenta
LED - Red

LED - Yellow
SetupHold Detectaor
SPDT Pushbutton
SPDT Switch
SPST Switch
[Unknaowen Detectar v

£
[ | »1 ], Timing /

Ready

1. Switch back to the Cursor mode, now click on the switch and you can change the signal value
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1. Select Simulation Gates
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1. Select AND-2, then complete the above diagram
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1. Select Clock from Simulation 1O, then replace the lower Binary Switch with it. A Clock is a device that generates a 1 at a certain frequency
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1. Select Clock from Simulation 10, then replace the lower Binary Switch with it
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Right click the Red Wire, select Name
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1. Complete the diagram like above, then click Reset Simulation
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Reset simulator

1. Use the Simulation Panel to control the speed of simulation, then you will see the Timing Diagram!



Exe 1

e Curtain Motor Control J— S e ]

e Button1: 1 when user wants to open the
curtain

e Button2: 1 when user wants to close the
curtain

e QOutputl: 1 to make the motor open the curtain

e Output2: 1 to make the motor close the curtain ¢ \When both buttons are

pressed, motors do nothing
e Light: motor Is active



Exe 2

e (Curtain Motor Control - -

O

e Sensori: 1 when curtain is fully closed
e Sensor2: 1 when curtain is fully open

e Button1: 1 when user wants to open the curtain

e Button2: 1 when user wants to close the curtain

e Qutputl: 1 to make the motor open the curtain
e Stop the motor when the

e Output2: 1 to make the motor close the curtain curtain is already fully opened/
closed

e Light: motor is active



Summary

e Simulation in LogicWorks

e Binary Probe / Binary Switch in LogicWorks
e (Gates in LogicWorks

e Clocks in LogicWorks

e Timing Diagram in LogicWorks



