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Logic Gates Explored and Boolean Algebra

In the previous lab, we were introduced to the two basic logic gates — AND and OR
in detail. There is also NOT (Inverter) gate.

Building on these, we can create a few other types of logic gates.

These are: NAND, NOR, XOR, and XNOR.

Let’s take a look at each one in greater detail.
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Learning Objectives

In this lab, students will:
> Explore the function of various different logic gates
> Create circuits with varying logic gates in theory and in practice.

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

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

» Learn how to test a module and take True Table in Verilog.
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Expected Deliverables

In this lab, you will collect the following deliverables:
» SOP and POS Boolean expressions
» Design circuits
> Truth Tables
> Multisim Files
» Conclusion questions
> Verilog File
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Inverters

> Inverters are also known as NOT gates.
2 ~{ SO-Y
> 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.

> 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.

> 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.
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NAND Logic Gates

> NAND gates invert the output of the AND gate.

> The inputs do not change from those of the AND truth table,
but the output is the opposite.

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

e R = I e
-0 - O
O b - -

> See the truth table and the symbol.

=
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NOR Logic Gates

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

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

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

e e = I o |
-0 - O
O O O -

> See the truth table and symbol.

>

) >
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XOR Logic Gates

> An XOR gate is also known as an eXclusive OR gate.

> The output will be 1 if only one of the inputs is 1. The output 0 0
0 1
1 0
1 1

will be O if both inputs are 0 or both are 1.

> See the truth table and symbol.

O = - O

A
) O
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XNOR Logic Gates o=

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

> The output will be 1 if the inputs are the same and the output
will be O if the inputs are not the same.

> See the truth table.

- lalole
-t | O |- | O
- | OO | -
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Combinational Logic Circuits (CLCs), ZuvduaoTtikd KUKAwpata

> 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.

A —> KU KkAwpa 5 X
Eicodol B —» 2uVOUAOTIKAC ‘E€odoL

C —» Noyikng > Y

ZuvbuaoTtiko KUKAwpa
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Boolean Algebra (1/2)

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 on the next slide.

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

> 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.

> Because it works with digital systems with only the values 0 and 1, the algebra used is simply
called “binary logic”.
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Boolean Algebra (2/2)

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

> 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.

X | v [xy x | ¥ |x+y
o | 0| 0 ERERED x X
0 | 1 0 0 1 1 0 1
1 [ o | o BERE 1 | 0
§ [ 1 | 1 [ 1 | 1
Binary Multiplication (AND logic operation) Binary Addition (OR logic operation) Compliment (NOT logic operation)
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Sum-of-Products (dOpolopa ywvopeEvwv)

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).

> An SOP expression is literally a sum of Boolean terms called minterms (eAoyiotopot).
> A minterm is a multiplicative combination of Boolean variables whose output equals 1.
> An example of an SOP expression is ABC + AB’C’, where ABC, AB’C’ are minterms.
> 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.
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Sum-of-Products (a@Opolopa ywvopevwv)

Below is an example of a truth table conversion to an SOP expression.

ES NI EE G O |
0 THEEE Ul
o : @ 1 1| ABC —
0 1 0 | 0
0 1 1 0 — O =A'B'C+AB'C’' +AB'C + ABC’
1 0 : 0 1 ABC
1 0 1 1 | ABC
TBEEEN AER
1 1 1 0
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Product-of-Sums (ywvopevo aBpoiopatwv)

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

> A POS expression is a product of Boolean terms called maxterms (peytotopot).

> A maxterm is a summation of Boolean variables whose output equals 0.

> To generate a POS expression from a truth table, perform the following steps:
1. Determine which rows of the table have an output of O.

2. Derive each row’s maxterm, such that the output is O given that row’s input state.

3. Multiply the maxtermes.
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Product-of-Sums (ywvopevo aBpolopdtwv) =

Below is an example of a truth table conversion to an POS expression.

-_ 0O = O = O - Oy

-l e - -, D OO0 OO
— DO -, -0

0

1

0

0 A+B'+C |—O0=(A+B+C)A+B'+C)(A+B"+C')(A'+B+C’)
1 |

1

1

0
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SOP and POS

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.
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MultiSim - Logic Converter (Expression to Truth Table)

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

Converter circuit:

> 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.

> Enter the SOP expression that you want in the text
field at the bottom of the window. N

> Click the fourth button, Expression to Truth Table.

Kapaumepomoulog AnuAteNng
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MultiSim - Logic Converter (Simplified Expression)

The Logic Converter can also generate circuits from POS and SOP expressions. This can save some

time from doing the work manually.

> Enter the SOP expression that you want in the text
field at the bottom of the window. N

> Click the fourth button, Expression to Truth Table. ™.
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MultiSim - Logic Converter (Simplified Expression) g=s

» Click the third button, Truth Table to Simplified Expression. This will simplify the expression if it
can be simplified.

Lo onverter-XLC1 e Logic converter-XLC1 e
Out out
00000000 . O0C000O0O0 O
A B C D E F G H A B C D E F G H _
000 0 0 o0 0 P Conversions D00 0 0 o0 0 P Conversions
001 0 0 1 1 001 0 0 1 1 —
oozl o 1 o 1 = 7 ol gozl o 1 0 1 = ol
oozl o 1 1 0 po3zl o 1 1 0 P
poal 1 o0 o 0 fElE = K= ool 1 0 o 0 e
By b e " BEN || Comes
o007 1 1 1 0 AIE —+ 1ot 007 1 1 1 0 AIE —+ 1oz
BB —* = == — =5
BB —+ RmakDd hB e N 111 =11 (]
L L
, PR
I| aEC+ABC+ABC | | :> | ABCHEC |
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MultiSim - Logic Converter (Expression to Circuit)

> Next, click the fifth button, Expression to Circuit.

> Place the circuit that it generates.

ﬂ Design2 - Multisim - [Design2 *]

File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help
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Exercise: Building an XOR Logic Gate in Multisim

> Build the following circuit using an XOR gate:

O 2.5V

: ) >
Key = A

XOR2

Key =B
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Exercise: Building a NOR Logic Gate in Multisim

> Build the following circuit using an NOR gate:

Key = A U1 2.5V

NOR2

Key =B
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Exercise: NOT - Gate

> OEANOUUE VA LETPHOOUE Kol Vo CUYKPLvoupE TNV KoBuotEpnon 6Ladoconc Tou CAUATOC Ao thv €icodo
HEXPL TNV £€060 HUVO avilotpodPEwV SladopeTIKAC TEXVOAOoyiag.

> OLavtiotpodeic mov Ba cuykplBouv eival oL e€NC:

»> CMOS /CMOS_5V /4009BD_5V
» TTL/74STD / 7404N

> Juvdéote otnv €lcodo Ko Twv SV TUAWV Eval POAOL TTAPAYWYNC TETPAYWVIKWY TIAAMWY pE ouxvotnta 1 MHz.

> Xpnolpomowwvtog evav naApoypado napatnpeiote tnv elcodo tou MoApoU o0To KUKAwMA Kat TNV €600
NG KABE TTUANC XPNOLUOTIOLWVTAC TPLOL KOVAAL TG CUCKEUNCG.

> YmoAoylote tov Xpovo kaBuotepnong otn d1adoon tou onuatoc KABe avilotpodEa, yla TNV HeTtaBaon
Tou amo 01 kabwc Kat yia petafaon ano 1->0.

> Hmnpooopoiwon va yivel pe to Multisim.
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Multisim - NaApoypadocg i

> OEAOUUE VO PETPNOOUUE TNV KoBuotépnon 6Ladoonc Tou oNUATOC amo thv €loodo evog
avtlotpodEa otnVv £€€060 ToU.
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Multisim - NaApoypadgoc

> O€EAOUUE VO UETPNOOUUE TNV KoBuotépnon 6Ladoonc¢ Tou oNUATOC amo thv €loodo evog

avtlotpodEa otnVv £€€060 ToU.

JuvbEou e €va poAoL
TETPAYWVLKWV TIOALWV
otnv eicodo S

Sources/DIGITAL_SOURCES
/DIGITAL_CLOCK

AUTAG KALK KoL puBpiloupe
TNV ouxvotnta oto 1MHz

To clock gival pia yevvitpla
ONUATOC OOV EVAAAAOCCEL TNV
TN tou amno “0” og “1”
ETAVAANTITLKA OTNV oUXVOTNTA TTIOU
TO €£XOUE oploeLl

Kapaumepomoulog AnuAteNng

©a 1o Bpoupe oTo: N

-~ o
SN~ e

-~
-~
P
-~

Juvbéoupe €va Probe otnv €€060
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Multisim - NaApoypadgoc

> O NaApoypadoc eivar  €va

EPYOQOTNPLOKO Opyovo ylo. TV

HETPNON  OXL HMOVO TNG  TLUAG Tektronix 052012 C:= . ASEEER
neyeBwv oe nAektpikd/nAeKTpOVLKA K
KUKAwpOTa aAd Kal TG XPOVLKAG
TOUG e€€ALENC TOUC.
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Multisim - MaApoypadoc
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Four channel oscilloscope-X5C3 x
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MANEMIZTHMIO
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MNa okplPEotepn HETPNON UMOPOUUE VO
XPNOLUOTIOLAOOUUE TOUC  CUrsors TIou
SLaB€tel o maApoypadog.

Four channel oscilloscope-X5C3
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Four channel oscilloscope-X5C3 =
1
METOKIVOUE TOUG CUrsors WoTe va
Bplokovtal 600 TILO KOVIA OTO HMECO TNG
HETABaonG Toug, To omoio Bpioketal ota | I~
2,5 Volt NN
O mnaApoypddog utoAoyilel TNV XPOVLIKN )
Stadopad petaty twv Svo cursors.
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