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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 3: Logic Gates Explored and Boolean Algebra

In the previous lab, we were introduced to the two basic logic gates — AND and OR in
detail. Building on these, we can create a few other types of logic gates. These are:
Inverters (NOT), NAND, NOR, XOR, and XNOR. Let's take a look at each one in
greater detail.

Learning Objectives
In this lab, students will:

1. Explore the function of various different logic gates

Create circuits with varying logic gates in theory and in practice.

3. Calculate and build combinational logic circuits from Sum-of-Products and
Product-of-Sums derived from truth tables.

4. Learn how to write a Combinational Logic Circuit (CLC) in Verilog.

5. Learn how to test a module and take True Table in Verilog.

N

Expected Deliverables
In this lab, you will collect the following deliverables:

« SOP and POS Boolean expressions

e Screenshot, picture, or sketch of circuits
e Truth Tables

e Multisim Files

e Conclusion questions

e Verilog File

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




3.1 Theory and Background

Boolean Algebra

Algebraic System
« Two value system
« ON and OFF

Creates Equations
« Multiplication

« Addition

« Complement

Figure 3-1 Video. View the video here: https://youtu.be/lwnztS6etOw

IE' Video Summary

e NAND, NOR, XOR, and XNOR gates have at least two inputs, one output, and a
unique truth table

e NOT gate output is the inverse of the input

e Boolean algebra is a system where two values are used to represent the
properties of bi-stable electrical switching circuits, namely on and off

Inverters

e Inverters are also known as NOT gates.

e They have only one input and one output.

« The truth table for an inverter is simple. The output is always the opposite of the
input.

o [For example, if the input is 1, the output will be 0 and vice versa. Visually this is
depicted by a circle at the input and/or output ends of the logic gates.



https://youtu.be/1wnztS6et0w

« In this situation, the circle is at the output, which means that the output is
inverted. If it was at the input, then it is the input that would be inverted.
o Circuits with more than one input can use NAND or NOR logic gates which we

will explore next.

Figure 3-2 Inverter

NAND Logic Gates

« NAND gates invert the output of the AND gate.
e The inputs do not change from those of the AND truth table, but the output is the

opposite.
e As arule, if any of the inputs are 0, the output will always be 1.
e See below for the truth table and the symbol.
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Figure 3-3 NAND gate truth table and symbol




NOR Logic Gates

« The NOR logic gate inverts the output of the OR gate.

e The inputs of the truth table for the OR gate do not change, but the output is the
opposite.

e As arule, if any of the inputs are 1, the output will always be 0.

e See below for the truth table and symbol.

0 0 1

0 1 0

1 0 0

1 1 0
A Q
B

Figure 3-4 NOR gate truth table and symbol

XOR Logic Gates

e An XOR gate is also known as an exclusive OR gate.

e The output will be 1 if only one of the inputs is 1. The output will be O if both
inputs are 0 or both are 1.

e See below for the truth table and symbol.
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Figure 3-5 XOR gate truth table and symbol

XNOR Logic Gates

e The XNOR gate does the opposite of the XOR gate.

e The output will be 1 if the inputs are the same and the output will be 0 if the
inputs are not the same.

« See below for the truth table.
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Figure 3-6 XNOR gate truth table




Combinational Logic Circuits (CLCs)

CLCs are a classification of circuits whose output is only dependent on the current
inputs and are implemented by Boolean circuits. Using combinations of logic gates,
different results can be achieved. A truth table is often used to define the behavior of a
CLC, but sometimes we start with a truth table and need to design a CLC.

Boolean Algebra

Boolean algebra is an algebraic system where two values are used to represent the
properties of bi-stable electrical switching circuits, namely on and off, or simply 1 and
0. The rules for the two binary operators (addition and multiplication) and complement
(') for a two-valued Boolean algebraic expression are presented in the tables below.

e It can be seen that the binary addition, multiplication and complement are the
same as the OR, AND and NOT logic operations.

o [For the complement, several notations are used: apostrophe after the variable,
exclamation mark, tilde or the word NOT before the variable or an over-bar on
top of it.

e Because it works with digital systems with only the values 0 and 1, the algebra
used is simply called “binary logic”.

e Any logic function, no matter how complex it is, can be implemented using only
the three basic logic operations.

e« A function represented by a truth table can be expressed using different
methods.

« Knowing the logic expression and the function, the circuit can be then realized.
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Figure 3-7 Binary Multiplication (AND logic operation)




- - O O X
- O|= O

—_ e - O

Figure 3-8 Binary Addition (OR logic operation)
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Figure 3-9 Compliment (NOT logic operation)




Sum-of-Products

A simple method for converting a truth table into a CLC is found in a standard form of
Boolean expression called the Sum-of-Products (SOP).

e An SOP expression is literally a sum of Boolean terms called minterms.
« A minterm is a multiplicative combination of Boolean variables whose output
equals 1.
e« An example of an SOP expression is ABC + AB'C’, where ABC, AB'C’ are
minterms.
o SOP expressions may be generated from truth tables using the following steps:
1. Determine which rows of the table have an output of 1.
2. Derive each row’s minterm, such that the output is 1 given that row’s input
state.
3. Sum the minterms.

Below is an example of a truth table conversion to an SOP expression.
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Figure 3-10 SOP truth table




Product-of-Sums
Product-of-Sums (POS) expressions are another way of representing truth tables.

« A POS expression is a product of Boolean terms called maxterms.
« A maxterm is a summation of Boolean variables whose output equals 0.
e To generate a POS expression from a truth table, perform the following steps:
1. Determine which rows of the table have an output of 0.
2. Derive each row’s maxterm, such that the output is 0 given that row’s input
state.
3. Multiply the maxterms.

LA |8 lclo
0

0 0 0 A+B+C —

0 0 1 1

0 1 0 0 A+B +C

0 1 1 0 A+B'+C —O0=(A+B+C)A+B'+C)(A+B' +C’)(A'+B+C’)
1 0 0 1
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1 1 0 1
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Figure 3-11 POS truth table

The SOP and POS standard Boolean forms are powerful tools when applied to truth
tables. They can be used to derive a Boolean expression—and ultimately, an actual
logic circuit. When creating a circuit from SOPs, it would be constructed of AND gates
feeding into an OR gate. When creating a circuit from POSs, it would be constructed of
OR gates feeding into an AND gate.




Check Your Understanding

Note: The following questions are meant to help you self-assess your understanding so
far. You can view the answer key for all “Check your Understanding” questions at the
end of the lab.

3-1 Write the SOP and POS Boolean expression derived from the truth tables of the two
circuits (O1 and O2).
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Figure 3-12 Truth table for two circuits

01 (SOP) =

02 (POS) =




3.2 Simulate: Building a CLC Circuit

Create a new circuit design.

e Using the POS for the second circuit of question 3-1 (O2), build a circuit which will
implement the truth table defined.

e Place as many NOT gates, OR gates and AND gates as needed 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 together, as necessary.

- Multisim: Ovopa apxeiou “3_Figure 3 12 POS.ms14”.
.msl4

MpoaBnkn oTo zip file pe dvopa "Lab03_ovopartemwvupo_AM.zip”

e Click the Run button to begin simulating the circuit.
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Figure 3-15 Run button

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

3-2 Record the results, as indicated by the probe, in the following truth table.
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« When you’re done, stop the simulation by clicking the Stop button.

@)y nom

Figure 3-14 Stop button

3-3 Does the behavior of your circuit match the truth table from question 3-1? (Yes/No)

3.3 Exercise: Verify SOP and POS Expressions Using a Logic Converter

Logic Converter

The Logic Converter is a great tool for checking truth tables and logic expressions. To
build a Logic Converter circuit:

o Place the Logic Converter from the instruments toolbar on the right screen onto
the circuit.

« Double click the Logic Converter to open its user interface.

« For the first circuit (O1), enter the SOP expression that you calculated in the text
field at the bottom of the window.

e Click the fourth button, Expression to Truth Table.

Figure 3-17 Logic converter

3-4 Does the truth table generated match the truth table in question 3-1? If so, is this
confirmation that you SOP expression is correct?

A. Yes
B. No




Logic Converter Functions

The Logic Converter can also generate circuits from POS and SOP expressions. This
can save some time from doing the work manually.

« For the first circuit (O1), enter the SOP expression that you calculated in the text
field at the bottom of the window.
e Click the fourth button, Expression to Truth Table.
e Click the third button, Truth Table to Simplified Expression. This will simplify
the expression if it can be simplified.
e Next, click the fifth button, Expression to Circuit.
o Place the circuit that it generates.

- Multisim: Ovopa apxeiou “3_Figure_3 12 SOP_Simpl.ms14”.
.msl4

MpoaBnkn oTo zip file pe dvopa "Lab03_ovopartemwvupo_AM.zip”

3-5 Does the circuit generated match the circuit that you could built at the beginning of
this lab, if you had built a circuit which implement the truth table using the SOP for the
first circuit (O1);

A. Yes

B. No




3.4 Exercise: Building an XOR Logic Gate in Multisim

XOR Gate Circuit

Build the following circuit using an XOR gate:

2.5V
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Key =B
Figure 3-18 XOR gate circuit

Configure the Digital Constants:

« Double-click the top Digital Constant.

« In the window that appears, select ‘A’ from the Key for toggle dropdown.
e Change the second constant to toggle with the ‘B’ key.

o Click the Run to begin simulating the circuit.

-~ =

X b 1 m|

Figure 3-19 Run button

3-6 Vary the inputs of the gate to complete the truth table below.

R|lrRr|lO|lO| >
Rlo|lr|lo|lm

« When you're done, stop the simulation by clicking the Stop button.
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Figure 3-20 Stop button




3.5 Exercise: Building a NOR Logic Gate in Multisim

NOR Gate Circuit

Build the following circuit using an NOR gate:

[0 J—

Key = A u1 2.5V

NOR2

[0 }—

Key =B
Figure 3-21 NOR gate circuit

Configure the Digital Constants:

e Double-click the top Digital Constant.

« In the window that appears, select ‘A’ from the Key for toggle dropdown.
e Change the second constant to toggle with the ‘B’ key.

e Click the Run to begin simulating the circuit.
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Figure 3-22 Run button

3-7 Vary the inputs of the gate to complete the truth table below.

R|lrRr|lOo|loO| >
Rlo|lr|lo|lm




3.6 Conclusion

3-8 What is the difference between SOP and POS? Consider truth tables and logic
gates.
A. POS: ABpoiopa yivopévwy (EAaxiotopwv). Or eAaxioTépol TTou TTapouciddovral
OTO ABPOICUA AUTO €ival EKEIVOI TTOU QVTIOTOIXOUV oTa “1” Tou Trivaka aAnBgiag
TNG oUVAPTNONG.
Karaokeualovrtal atmo TTuAeg AND 110U TpOo@odoTOUV pia TTUAN OR.

SOP: INvouevo ABpoloudtwy (Meyiotépwy). O1 peyiotdpol TTou TTapouacidlovTal
OTO YIVOUEVO aUTO €ival EKEIVOI TTOU avTIoTOIXOUV oTa "0” Tou Trivaka aAnBegiag Tng
ouvapTnong.

Karaokeualovtal atrd TTUAEG OR TTOU TPpOPOdOTOUV Hia TTUAN AND.

B. SOP: ABpoiopa yivopévwy (EAaxiotopwv). Or eAaxioTtépol TTou TTapouciddovral
OTO ABPOICUA AUTO €ival EKEIVOI TTOU QVTIOTOIXOUV oTa “1” Tou TTivaka aAnBgiag
TNG oUVAPTNONG.

KaraokeudlovTtal atro TTUAeg AND 1ToU Tpo@odoToUV pia TTUAN OR.

POS: lNvoépevo ABpoioudtwy (Meyiotépwyv). O1 ueyiotépol TTou TTapouaialovTal
OTO YIVOUEVO auTO €ival EKEIVOI TTOU avTioToIXoUv oTa “0” Tou Trivaka aAnBgiag Tng
ouvapTnong.

Karaokeualovtal atrd TTUAeG OR TTOU TPpOPOdOTOUV pia TTUAN AND.

C. SOP: ABpoioua yivouévwy (EAaxiotépwy). O1 eAaxIoTOpOI TTOU TTapouUaIGlovTal
OTO ABpOoICUA AUTO gival EKEIVOI TTOU avTIoTOIXOUV oTa “0” Tou TTivaka aAnBeiag
TNG oUVAPTNONG.

KaraokeudfovTtal atro TTuAeg AND 110U Tpo@odoTOoUV pia TTUAN OR.

POS: lNvoéuevo ABpoioudtwy (Meyiotépwv). O yeyioTépol TTou TTapouaialovTal
OTO YIVOUEVO auTO €ival EKEIVOI TTOU AVTIOTOIXOUV oTa “1” Tou TTivaka aAnBgiag Tng
ouvapTnong.

Karaokeualovrtal atmd TTUAeG OR TTou TpOo@OodOoTOUV [ia TTUAN AND.

D. SOP: ABpoicua yivopévwy (EAaxiotopwv). Or eAaxiotépol Tou TTapouciddovral
OTO ABpOoICUA AUTO gival EKEIVOI TTOU AVTIOTOIXOUV oTa “1” TOu TTivaka aAnBegiag
TNG oUVAPTNONG.

KataokeualovTal atrd TTUAeg AND 1TOU TPpO@OodOoTOUV Wia TTUAN AND.

POS: lNvopevo ABpoioudtwy (Meyiotépwyv). O peyioTdépol TTou TTapoucidovTal
OTO YIVOUEVO auTO gival EKEIVOI TTOU AvTIoToIXoUV oTa “0” Tou Trivaka aAnBeiag Tng




ouvapTnong.
Karaokeualovrtal atrd TUAeg OR TToU TpOo@OodoTOUV Wia TTUAN OR.

3-9 Can more than one circuit design produce the same truth table behavior? (Yes/No)

3-10 Why can some SOP and POS expressions be reduced to simpler terms?
(MoAAaTTAEG ATTAVTAOEIG)

A. Kdatroieg gicodol ptropei va punv ernpeddouv Tnv £€060
B. Kdatroleg €€0do1 utropei va unv eTnpedlouv TNV €i00d0
C. Aev utropei va oupupei autd

D. KaBe ocuvdpTtnon PITopouUpE va TNV YPAWOUE Kal JE DIOPOPETIKO TPOTTO

3-11 What is a combinational logic circuit (CLC)?

A. A circuit that consists of two or more logic gates

B. A circuit that uses Boolean algebra and depends only on the current input
C. A circuit that can only be run in Multisim

D. A circuit that has two or more inputs

3-12 Minterms are used to determine the following:
A. Truth tables
B. Sum of Products
C. Product of Sums
D

. The number of NAND gates in a circuit

3-13 When creating a circuit from the Product of Sums, it would be constructed of:

A. NOR gates feeding into a NAND gate
B. NAND gates feeding into a NOR gate
C. OR gates feeding into an AND gate
D. AND gates feeding into an OR gate




3.7 Exercise: NOT - Gate

O¢éAoupe va PETPACOUUE KOl VO OUYKPivoupe Tnv KaBuoTtépnon diadoong Tou
onuarog amd Tnv €icodo HEXPI TNV €¢od0 OUO QVTIOTPOPEWV  OIAQOPETIKNG
TEXVOAOYIQG.

O1 avTioTpo@eig TTou Ba ouykpIBoUV gival ol ENG:

* CMOS/CMOS_5V/4009BD_5V
e TTL/74STD /7404N

2UVOEOTE OTNV €i0000 KAl TWV OUO TTUAWYV £va PoAdI TTApPAYWYNAG TETPAYWVIKWY
TTaAYWYV Pe ouxvotnta 1 MHz.

XpNOIUOTTOIWVTAG €vav TTOAJOYpPA@O TTapATNEEioTE TNV €i0000 TOU TTAAPOU OTO
KUKAWMQ Kal TNV £€£000 TNG KABE TTUANG XPNOIUOTTOIWVTOG TPIA KAVAAIQ TNG CUOKEUNG.

YT1roAoyioTe ToV XpOvo kaBuoTépnong otn d1adoon Tou OAPATOG KABE avTioTpoYEa,
yla Tnv petapacn Tou atré 0—1 kabwg kail yia yetdpaon amrd 1—0.

* Kabuotépnon diadoong amd 0—1 tou 4009BD nsec
* Kabuotépnon diadoong atmé 0—1 tou 7404N nsec
* Kabuotépnon diadoong atmd 1—0 tou 4009BD nsec
* Kabuotépnon diadoong atmd 1—0 tou 7404N nsec

3-14 lNoiog avTIoTPOYEAG gival TTIO YPryopog;
A. 4009BD
B. 7404N

H mmpooopoiwon va yivel ye 1o Multisim.

Wy - Multisim: Ovopa apxeiou “3_Not.ms14".
.msl4 MpooBnkn aTo zip file pe dvopa "Lab03_ovouaremwvuuo_AM.zip”




3.8 Exercise: HDL - Verilog, Product-of Sums (POS).

MpawTe TNV TTEPIYPA@r) HDL TOU KUKAWMATOG TNG TTapaypd@ou 3.2 Je TPEIG TPOTTOUG:
(AnAadn amé 1o Figure 3-12, Juvdprnon O-)

Anpioupyniote 3 apxeia Verilog pe Ta avriotorxa modules:

1) Me 1n dnuioupyia oToixelwdous KukKAwuaTtog (user-defined primitive, UDP),
KAvovTag Xpron Tou Trivaka aAnBeiag Tou KUKAWUATOG.

OvopdoTte To module: “POS_3 3 UDP”.
(BAétre Mapadelypa HDL 3.5 — Morris Mano)

- Verilog: Ovopa apxeiou “POS_3 3 UDP.V”.

MpoaBnkn oTo zip file pe dvopa "Lab03_ovopartemwvupo_AM.zip”

2) Me exk@paoeig Boole.

OvopdoTte To module: “POS_3 3 Boole ”.
(BAéTTe Mapadeiyua HDL 3.4 — Morris Mano)

o - Verilog: Ovopa apxeiou “POS_3 3 Boole.v”.
‘erilog
v MpooBnkn aTo zip file pe dvopa "Lab03_ovouaremwvuuo_ AM.zip”

3) lMepiypapn o€ miTTedO TTUAWV.

OvopdoTte To module: “POS_3_3_Gates”.
(BAETTe Mapaderypa HDL 4.10 — Morris Mano)

o - Verilog: Ovopa apxeiou “POS_3 3 Gates.v”.
‘erilog
v MpooBnkn aTo zip file pe dvopa "Lab03_ovouaremwvuuo_ AM.zip”




Verilog
v

3.9 Exercise: HDL - Verilog - Test Circuit

AnpioupynoTe piIa uttopovada dIEyepong yia TNV avAAUCN TOU KUKAWMPATOG TTOU
Kataokeudoarte otnv Exercise 3.8 (Module POS_3 3 Gates).

OvopdoTe To module: “t_ POS 3 3 Gates”.
(BAETTe Mapadeiyua HDL 4.10 — Morris Mano)

- Verilog: AnpIouUpyAOTE TRV OTO OPXEIO TTOU KOTAOKEUAOQTE:
“POS_3 3 Gates.v”

3-15 ZuptAnpworTe Tov lNMivaka AAnBeiag

R|lRr|R|[R|lolo|lo|oO]| >
R|l|lo|lolr|rr|lolo|lm
Rrlo|lr|lolrr|lolr|lolO

3-16 Does the truth table generated match the truth table in Figure 3-127?

A. Yes

B. No




