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Mposmiokontnon Epyaoctnpiakot Mabnpatoc

*  Ewoaywyn

* Lab 1: Multisim Circuit Simulation and Basic Gates
* Lab 2: Truth Tables and Basic Logic Gates
 Lab 3: Logic Gates Explored and Boolean Algebra
* Lab 4: Karnaugh Maps

* Lab 5: Binary Conversion and Adders

* Lab 6: Encoders and Decoders

* Lab 7: Multiplexers and Demultiplexers

* Lab 8: Latches and Sequential Logic Circuits
 Lab 9: Flip-Flops

* Lab 10: Sequential Circuits - FSM
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Lab 2: Truth Tables and Basic Logic Gates

Nowadays, digital hardware is encountered in almost every aspect of our everyday life, being part

of personal computers, household appliances, robots, television networks, etc.

Logic circuits are the building blocks of digital hardware.

The logic circuits perform operations on digital signals and are usually implemented as electronic

circuits where the signal values are restricted to a few discrete values.

The most common are the binary logic circuits, where the only values are 0 and 1.
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Lab 2: Truth Tables and Basic Logic Gates

The three basic logic operations are:

> Logical AND
> Logical OR

> NOT operation (inversion)

The logic operations are implemented with logic gates.

A logic gate is an electronic circuit made up of transistors. The information related to the logic

gates and logic functions and be described by a truth table.
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Learning Objectives

In this lab, students will:
> Explore the behavior of different configurations of logic gates.
> Configure and build circuits in Multisim.

> Learn basics in Verilog (HDL)
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Expected Deliverables

In this lab, you will collect the following deliverables:

Probe results

True Tables

Analysis of gate behavior
Analysis of circuit behavior
Circuit calculations
Conclusion questions

Multisim Files

vV ¥V vV VvV VvV VvV V VY

Verilog File
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Truth Tables (1/4)

One common way to express the particular function of a logic circuit is called a truth table.

Truth tables show all permutations of the inputs with their corresponding output values in terms
of logic level states.

Logic level states are typically expressed as:

> landO
> HIGH and LOW

> True and False
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Truth Tables (2/4)

This is an example of a truth table for two inputs:

- O | - O
b | =l |-t | &S
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Truth Tables (3/4)

A gate or logic circuit’s truth table must have as many rows as there are possibilities of unique

input combinations.
> For a single-input gate, like the inverter, there are only two input possibilities, namely 0 and 1.

> For a two-input gate there are four possibilities (00, 01, 10, and 11), and thus four rows for the
corresponding truth table.

> For a three-input logic device, there are eight possibilities and so forth. The input columns are

typically written in binary order.
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Truth Tables (4/4)

i

- - - -0 00O
= =0 O (= - O O e
- O | = O = O = O e
© = = =200 = O
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Logic Gates (AND)

Logic gates are physical devices that implement the Boolean functions of truth tables.
The two most basic logic gates are the “AND” and the “OR”.
> In the “AND” logic gate, the output is 1 if both the inputs for A and B are also 1. If one or all of

the inputs for A and B are 0O, then the resulting output is 0. This is summarized in the truth
table next.

> Generally, the “AND” logic gate outputs the minimum value between the two input digits.
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Logic Gates (AND)

The “AND” symbol is represented here. In this case, we can see two inputs (A and B) and one
output.

out

- lalo|lOIP
- OoOl=0o|DW
- Q|| il
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Logic Gates (OR)

> In the “OR” logic gate, the output is O if both the inputs for A and B are also O. If one or all of
the inputs for A and B are 1, then the resulting output is also 1. This is summarized in the truth

table next.

> The “OR” logic gate outputs the maximum value between the two input digits.
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Logic Gates (OR)

The “OR” symbol is represented below. There are two inputs and one output.

out

=i | =S| ™
-0 - O
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Aoknon: Oswpnua 1

BpayuUkukAwote TIC €l006ouc pla TUANG OR 2 ewoodwv kot emiBefowwote to Bewpnua NG
aAyeBpoac Boole cupudpwva pe to omoio LoxUel n akOAouBn oxéon: X + X = X. ZUUTANPWOTE TOV
kKatdAAnAo mivaka aAnBeiog, avaypadovtac 0Aouc Touc iibavolc cuviuaouoUC TLULWV.

H npooopoiwon va yivel pe to Multisim.

Ovopa apyeiouv: “2_Theorem_1.ms14”
.ms14

Kapaumepomoulog AnuAteNng ECE119 - Epyaotnplokn AtaAeén 2n - Truth Tables and Basic Logic Gates 15



2 MANEMIZTHMIO
; M OEZIZAAIAZ

Aoknon: Oswpnua 3, AutAnR apvnon

TomoBeteiote kol ouvdéote oe oelpa dVo avtiotpodeic kot erBefolwote to Bewpnua NG
AAyeBpac Boole: (x')' = x. ZupmAnpwote tov KatdAAnAo mivaka aAnBeiag, avaypddovtac oAoug

TouC TitBavol ¢ ouvOuACHOUC TLUWV.
H npooopoiwon va yivel pe to Multisim.

Ovopa apyeiov: “2_Theorem_3.ms14”
.ms14
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Aoknon: Oswpnua 6, Amoppodnong

XpNOLUOTIOLWVTAC TA KATAAANAQ KUKAWMATIKA oTtolxeio emiBefaiwote to Bewpnuoa amoppodnong
KOTA TO Omolo LoYUEL N oKOAOUBN oOX€on: X + Xy = X. ZUUMANPWOTE TOV KOTAAANAO Tivoka
aAnBeiac, avaypadovtac 6Aouc Touc mBavouc cuvOUACTHOUC TLLWV.

H npooopoiwon va yivel pe to Multisim.

Ovopa apyeiov: “2_Theorem_6.ms14”
.ms14
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Simulate: Building a Circuit with Multiple Gates (1/2)

Build the following circuit using multiple AND/OR Gates in Multisim:

> Place an OR gate and two AND gates from the Misc Digital group.

> Place three INTERACTIVE_DIGITAL_CONSTANTs from the Sources group.

> Place one PROBE_DIG_RED from the Indicators group.

» Wire them as shown.

KapapmepomouAog AnNunTeng

I
Key = A

OR2
0
Key =B AND2
_l—:
0 AND2
Key=C
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Simulate: Building a Circuit with Multiple Gates (2/2)

> Click the Run button to begin simulating the circuit.
> Using the A, B, and C keys, vary the inputs into the circuit.

> Record the results, as indicated by the probe, in the following truth table.

A B C o)
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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Exercise: Determining a Circuit from a Truth Table (1/2)

> In this part, you’ll look at a few simple truth tables and determine their circuits.

> Given the following truth table, determine which configuration of gates would give you these results.

BORISERECN o |
0

0

> You can:

» Use trial and error simulation in Multisim.
» Calculate different circuits on paper.

» Use whatever other methods you find useful

el et e B R = R = I e B o
- OO0 = - O
- Q10000 0| O

1
0
1
0
1
0
1
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Exercise: Determining a Circuit from a Truth Table (2/2) g2z

> Given the following truth table, determine which configuration of gates would give you these results.

> You can:

AR o |
- . . . . . 0 0
» Use trial and error simulation in Multisim.

» Calculate different circuits on paper.

» Use whatever other methods you find useful

- .- -, OO OO
-k - | OICO | - - O
-0 = 0O = 0O -
el e e e e e

Kapapmnepomoulog AnuAteng ECE119 - Epyaotnplakn AldAeén 2n - Truth Tables and Basic Logic Gates 21



MANEMIZTHMIO
; H OEZIZAAIAZ

Exercise: M\ wooa Neptypadng YAwkou HDL - Verilog

pate tnv tepypadn HDL oe enimedo muAwv Tou mapakatw KUKAwpotoc “Figure 2.8”.

MetayAwTtiote ToV KWOLKA OO LE TNV Xprion tou lcarus.

¥
Key = A | > 2.5V
OR2

Ovopa apyeiov “Figure2_8.v".

Key='B AND2

U

o —T 7
Key=C

AND2

Figure 2-8 Circuit with AND, OR Logic gates
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