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Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gb/GB

ACADEMICEVALMULTISIM/
us
v" View Help:
http://www.ni.com/multisim/tec
hnical-resources/



http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/multisim/technical-resources/
http://www.ni.com/multisim/technical-resources/

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.

The three basic logic operations are:

e Logical AND
e Logical OR
e 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.

Learning Objectives
In this lab, students will:

1. Explore the behavior of different configurations of logic gates.
2. Configure and build circuits in Multisim.
3. Learn basics in Verilog (HDL)

Expected Deliverables

In this lab, you will collect the following deliverables:

Probe results

Truth Tables

Analysis of gate behavior
Analysis of circuit behavior
Circuit calculations




e Conclusion questions
e Multisim Files
e Verilog File

Your instructor may expect you to complete a lab report. Refer to your instructor for
specific requirements or templates.




2.1 Theory and Background

Truth Tables and Basic
Logic Gates

Introduction Video
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Figure 2-1 Video. View the video here: https://youtu.be/PhlGDrggmj8

IE' Video Summary

e Logic gates are the building blocks of all digital electronics

e AND and OR gates have at least two inputs and only one output
e NOT gates have one input and one output

e Inputs and outputs are expressed solely in binary (0’s or 1's)

Truth Tables

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:

e landO

e HIGH and LOW
e True and False



https://youtu.be/PhlGDrqqmj8

This is an example of a truth table for two inputs:
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Figure 2-2 Truth table for two inputs

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 as shown here:

RN 0 |
0

0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

Figure 2-3 Truth table for three inputs written in binary




Logic Gates

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 0, then the resulting output is 0. This is
summarized in the truth table below.

e Generally, the “AND” logic gate outputs the minimum value between the two
input digits.

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

A | B | o
o | o0 | o
0O | 1 0 A —

1 o *04 out
1 1 1 B
Fig 2-4 AND Truth Table Fig 2-5 AND Logic Gate

« In the “OR” logic gate, the output is O if both the inputs for A and B are also 0. 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 below.

« The “OR” logic gate outputs the maximum value between the two input digits.

« The “OR” symbol is represented below. As above, there are two inputs and one
output.

>

out

-0 .- O
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0
1
1

Figure 2-6 OR Truth Table Figure 2-7 OR Logic Gate
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Multisim
.ms14

Multisim
.msl4

Multisim
.ms14

2.2 Aoknon: Oswpnua 1

BpayxukukAwaoTe TIG €10600uG pia TUANS OR 2 €1060wyv Kal eTIRERAIWOTE TO Bewpnua
TNG AAyeBpag Boole oupgwva pe 10 oTT0I0 10YXUEI N akOAouBn oxéon: X + X = X.
2UUTTANPWOTE TOV KATAAANAo TTivaka aAnBegiag, avaypdgovrag 6Aoug Toug TTiBavoug
OUVOUAOHOUG TIMWV.

H trpocopoiwon va yivel ye To Multisim.

- Multisim: Ovoua apxeiou “2_Theorem_1.ms14”.
MpoaoBnkn aTo zip file ye dvopa "Lab02_ovouartemwvupo_ AM.zip”

2.3 Aoknon: O@swpnua 3, AirTAry dpvnon

TotroBeTeioTE KAl CUVOEDTE OE OEIPA OUO aVTIOTPOQEIC KAl ETTIRERAIWOTE TO Bewpnua
NG AAyeBpag Boole: (X')' = X. ZUPTTANpwOTE TOV KATAGAANAO Trivaka aAnBegiag,
avaypa@ovTtag 6Aoug Toug TTIBavoug ouvOuaouoUgS TIHWV.

H trpocouoiwon va yivel ye To Multisim.

- Multisim: Ovopa apxeiou “2_Theorem_3.ms14”.
MpooBnkn aTo zip file pe dvopa "Lab02_ovouartemwvuuo_ AM.zip”

2.4 Aoknon: Oswpnua 6, AtTToppdenong

XpNOIUOTTOIWVTAG Ta KATAAANAQ KUKAWUATIKG OToIXeia emReRaiOTE TO Bewpnua
amoppdPNONG KATA TO OTTOIO I0XUEI N akOAOUBN OxEéon: X + Xy = X. ZUPTTANPWOTE TOV
KatdAAnAo Trivaka aAnBeiag, avaypdgovrtag OAoug Toug Tmlavoug ouvOuaououg
TIMWV.

H mmpooopoiwaon va yivel ye To Multisim.

- Multisim: Ovopa apxeiou “2_Theorem_6.ms14”.
MpooBnkn aTo zip file pe dvopa "Lab02_ovouartemwvuuo_ AM.zip”




2.5 Simulate: Building a Circuit with Multiple Gates

Circuit Example 1

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

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

e Place three INTERACTIVE_DIGITAL_CONSTANTSs from the Sources group.
e Place one PROBE_DIG_RED from the Indicators group.

« Wire them as shown.

: ) >— 2.5V
Key = A

OR2
0
Key = B AND2
__I—:
0 AND2
Key=C

Figure 2-8 Circuit with AND, OR Logic gates

e Click the Run button to begin simulating the circuit.

- ) -_—
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Figure 2-9 Run button

e Using the A, B, and C keys, vary the inputs into the circuit.




2-1 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

e When you're done, stop the simulation by clicking the Stop button.

> n m|

Figure 2-10 Stop button




Multisim
.msl4

2.6 Exercise: Determining a Circuit from a Truth Table

Truth Tables

We have now observed how truth tables define the behavior of a given circuit. However,
we often know what type of behavior we need to implement, and we need to figure out
what configuration of gates would give us this behavior. This can be a lot more complex.

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. You can:

e Use trial and error simulation in Multisim.

o Calculate different circuits on paper.

o Use whatever other methods you find useful.
e Use gates with 1 or 2 inputs.

Basise N e 0 |
0

0

- - - O O 0 O
- e OO - - O
- O =IO = O -
- O 0 0 O O o O

Figure 2-11 Truth table

e When you've picked a circuit design that you think will result in this behavior,
simulate it in Multisim.

- Multisim: Ovopa apxeiou “2_Figure 2 11.ms14”.
MpooBnkn aTo zip file pe dvopa "Lab02_ovouaremwvuuo_ AM.zip”




2-2 Did your circuit design work as expected? (Yes or No)

2-3 Is there more than one configuration of gates that would give you this result?
(Yes or No)

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

You can:

e Use trial and error simulating in Multisim.

o Calculate different circuits on paper.

o Use whatever other methods you find useful.
e Use gates with 1 or 2 inputs.
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Figure 2-12 Truth table

« When you've picked a circuit design that you think will result in this behavior,
simulate it in Multisim.

- Multisim: Ovoua apxeiou “2_Figure_2_12.ms14”.
Multisim
.ms14 MpoaoBnrkn oTo zip file pe dvopa "Lab02_ovopatemwvupo_AM.zip”




2-4 Did your circuit design work as expected? (Yes or No)

2-5 Is there more than one configuration of gates that would give you this result?
(Yes or No)

2.7 Conclusion

2-6 Why is it useful to represent the behavior of a gate or series of gates in a table?

A. ltis easier for us to design the circuit

B. The table helps to directly determine the output of the circuit based on specific
inputs, without the need to simulate or detect logic through a series of portals

C. To better analyze the circuits and to be able to distinguish their differences.

D. To better see the differences between the gates.

2-7 What is the difference between “AND” and “OR” logic gates?
A. AND logic gates return true only when every input is true whereas OR logic gates
return true if minimum one input is true.
B. OR logic gates return true only when every input is true whereas AND logic gates
return true if minimum one input is true.

2-8 The basic logic operations are:

A. AND

B. OR

C. NOT

D. All the above
2-9 Truth tables:

A. Express the particular function of a logic circuit

B. Show all possible permutations of inputs and corresponding output values
C. Are quantified as logic level states

D. All of the above

2-10 A truth table with 3 inputs can have how many possible outputs?

A. 8
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2-11 AND logic gates have:

A. One input and two outputs

B. Two or more inputs and one output
C. A current inverter

D. None of the above

2-12 OR logic gates output:
A. The minimum value between the two inputs
B. The maximum value between the two inputs

C. The average of the two inputs
D. The output does not have any direct relationship to the inputs

2.8 Exercise: Awooa lMNepiypagnic YAikou HDL - Verilog

pawTe TNV TTEPIYpa@ry HDL o€ emritredo TTUAWY Tou KUKAwuaTtog “Figure 2.8”.

MeTayAwTTiOTE TOV KWOIKA OAG UE TNV XPHON TOU Icarus.

OvopdoTte To module: “Figure2_8”.
(BAéTTe Mapadeiyua HDL 3.1 — Morris Mano)

. - Verilog: Ovopa apyeiou “Figure2_8.v”.
Verilog

MpoaBnkn oTo zip file pe 6vopa "Lab02_ovopartemwvupo_AM.zip”




Baoikég odnyieg Asitoupyiag Tou Icarus Verilog:

e Avoig¢te TNV £€epelvnon Twv Windows (explorer)
e MeTtakivnBeite otov @akeAo ...ECE119\Lab2
e Aci KAk New—Text Document

o EAEéygre 61 010 menu Tou explorer oto View eival Toekapiopévo To: File name
extensions

e AAN\GETE TNV KATAANEN TOU apxeiou ato “.ixt” og “.v”

e AANGETE TO OGvopa Tou apxeiou oTo eTTBUUNTO (TT.X. Figure2_8)

e ATO TNV évapén Twv Windows Bpeite kal avoi¢te To Notepad++

o File—~Open Bpeite ka1 avoiTe TO apxeio Figure2_8.v TTou dNUIOUPYROATE.

e [payrte Tov KWOIKA Verilog TTou TTEPIYPAPEl TO KUKAWUA TNG €IKOVAG Figure 2.8.
e ATTOBNKEUOTE TO APXEiO. (OTOV TTPOCWTTIKO 0ag Xwpo ...ECE119\lab2)

e Avoi¢re é&va Command Window
(&¢eiTe TNV diadikacia OTIG BIAPAVEIEG TOU EPYOOTNPIOU).

BN Command Prompt = O X

(c) Microsoft Corporation. All rights reserved.

C:\Users\fevgas>

Na 1o oTiTI:

e AANAGETE TOV PakeAo epyaaiag (working directory) oto C:\ECE119\lab02 &ivovtag
oto Command Window TiG eVTOAEG:

>C:
>cd C:\ECE119\lab02




[Na 10 £pyacTNPIO:

ANNGETE TOV QakeAo epyaaiag (working directory) oto S:\ECE119\lab02 divovTtag
oto Command Window Tig eVTOAEG:

>S:
>cd S:\ECE119\lab02

AgiTe Ta TTEPIEXOUEVA TOU KOTAAOYOU HE TNV EVTOAN:

>dir

(Oa mpérrel va deite 10 apyxeio Figure2_8.v mou dnuioupynoare)

MeTayAwTTtioTe (compile) Tov Kwdika Verilog pe TNV eVTOAR:

iverilog -o Figure2_8 Figure2_8.v

Acite TNV £€§0d0 TOU compiler

AlopOwoTe TUXOV CQAAPaTa

Command Prompt - m] X

Acite Lava Ta TTEPIEXOPEVA TOU KATAAOYOU HE TNV EVTOAN:

>dir

(Oa mpérrel Twpa va deite 2 apxeia. To Figure2_8.v kai 1o Figure2_8 mmou
onuioupynoe o compiler)



