Universal Logic Gates

Universal Logic gates can be used to produce any other logic or Boolean function
with the NAND and NOR gates being minimal

Individual logic gates can be connected together to form a variety of
different switching functions and combinational logic circuits. As we
have seen throught this Digital Logic tutorial section, the three most
basic logic gates are the: AND, OR and NOT gates, and given this set
of logic gates it is possible to implement all of the possible Boolean
switching functions, thus making them a “full set” of Universal Logic
Gates.

By using logical sets in this way, the various laws and theorems of
Boolean Algebra can be implemented with a complete set of logic gates.
In fact, it is possible to produce every other Boolean function using just
the set of AND and NOT gates since the OR function can be created
using just these two gates. Likewise, the set of OR and NOT can be
used to create the AND function.

Any logic gate which can be combined into a set to realise all other
logical functions is said to be a universal gate with a complete logic set
being a group of gates that can be used to form any other logic function.

For example, AND and NOT constitute a complete set of logic, as

does OR and NOT as cascading together an AND with a NOT gate
would give us a NAND gate. Similarly cascading an OR and NOT gate
together will produce a NOR gate, and so on. However, the two
functions of AND and OR on their own do not form a complete logic set.

So by using these three Universal Logic Gates we can create a range of
other Boolean functions and gates. However, the NAND and NOR gates
are classed as minimal sets because they have the property of being a
complete set in themselves since they can be used individually or
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together to construct many other logic circuits. Therefore we can define
the complete sets of operations of the main logic gates as follows:

AND, OR and NOT (a Full Set)
AND and NOT (a Complete Set)
OR and NOT (a Complete Set)
NAND (a Minimal Set)

NOR (a Minimal Set)

Thus we can use these five sets of gates, together or individually as the
building blocks to produce more complex logic circuits

called combinational logic circuits. But first let us remind ourselves of
the switching characteristics of the three basic logic

gates, AND, OR and NOT.

The AND Function

In mathematics, the number or quantity obtained by multiplying two (or
more) numbers together is called the product. In Boolean Algebra

the AND function is the equivalent of multiplication and so its output
state represents the product of its inputs. The AND function is
represented in Boolean Algebra by a single “dot” (.) so for a two

input AND gate the Boolean equation is given as: Q = A.B, that

is Q equals both A AND B.

The 2-input Logic AND Gate

Truth Table




The OR Function

In mathematics, the number or quantity obtained by adding two (or
more) numbers together is called the sum. In Boolean Algebra

the OR function is the equivalent of addition so its output state
represents the addition of its inputs. In Boolean Algebra the OR function
is represented by a “plus” sign (+) so for a two input OR gate the
Boolean equation is given as: Q = A+B, that is Q equals either A OR B.

The 2-input Logic OR Gate

Truth Table




The NOT Function

The NOT gate, which is also known as an “inverter” is given a symbol
whose shape is that of a triangle pointing to the right with a circle at its
end. This circle is known as an “inversion bubble”.

The NOT function is not a decision making logic gate like the AND,

or OR gates, but instead is used to invert or complement a digital signal.
In other words, its output state will always be the opposite of its input
state.

The NOT gate symbol has a single input and a single output as shown.

The Logic NOT Gate

Truth Table
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The single input NOT gate or invert function can be cascaded with itself
to produce what is called a digital buffer. The first NOT gate will invert
the input and the second will re-invert it back to its original level



performing a double inversion of the single input. Non-inverting Digital
Buffers have many uses in digital electronics as this double inversion of
the input can be used to provide digital amplification and circuit
isolation.

Using the AND and NOT Set

Using just the AND and NOT set of logic gates we can create the
following Boolean functions and equivalent gates.

AND/NOT Set Equivalents
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Using the OR and NOT Set

Using the OR and NOT set of logic gates we can create the following
Boolean functions and equivalent gates.

OR/NOT Set Equivalents
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Using the Full AND, OR and NOT Set

Using the full AND, OR and NOT set of logic gates we can create the
Boolean expressions for the Exclusive-OR (Ex-OR) and the NOT
Exclusive-OR (Ex-NOR) gates as shown.

Full AND/OR/NOT Set to Implement Ex-OR
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Full AND/OR/NOT Set to Implement Ex-NOR

Exclusive-NOR Symbal

ﬁ —
Q= ALB
B

A A AB  Ex-NOR Gate using
B O ] = A Complete Set
A
B -
] AB

Note that neither the Exclusive-OR gate or the Exclusive-NOR gate can
be classed as a universal logic gate as they can not be used on their
own or together to produce any other Boolean function.

Universal Logic Gates

One of the main disdvantages of using the complete sets

of AND, OR and NOT gates is that to produce any equivalent logic gate
or function we require two (or more) different types of logic gate, AND
and NOT, or OR and NOT, or all three as shown above. However, we
can realise all of the other Boolean functions and gates by using just
one single type of universal logic gate, the NAND (NOT AND) or

the NOR (NOT OR) gate, thereby reducing the number of different types
of logic gates required, and also the cost.

The NAND and NOR gates are the complements of the

previous AND and OR functions respectively and are individually a
complete set of logic as they can be used to implement any other
Boolean function or gate. But as we can construct other logic switching
functions using just these gates on their own, they are both called a
minimal set of gates. Thus the NAND and the NOR gates are commonly
referred to as Universal Logic Gates.



Implementation of Logic Functions Using Only NAND Gates

The 7400 (or the 74LS00 or 74HCO00) quad 2-input NAND TTL chip has
four individual NAND gates within a single IC package. Thus we can
use a single 7400 TTL chip to produce all the Boolean functions from

a NOT gate to a NOR gate as shown.

Logic Gates using only NAND Gates
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Thus ALL other logic gate functions can be created using
only NAND gates making it a universal logic gate.
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Implementation of Logic Functions Using Only NOR Gates

The 7402 (or the 74LS02 or 74HC02) quad 2-input NOR TTL chip has
four individual NOR gates within a single IC package. Thus like the
previous 7400 NAND IC we can use a single 7402 TTL chip to produce



all the Boolean functions from a single NOT gate to a NAND gate as

shown.

Logic Gates using only NOR Gates
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Thus ALL other logic gate functions can be created using
only NOR gates making it also a universal logic gate.

Note also that the implementation of the Exclusive-OR gate is more
efficient using NAND gates compared to using NOR gates, while the
implementation of the Exclusive-NOR gate is more efficient

with NOR gates compared to using NAND gates as in each case only
four individual logic gates are required. In other words we can create all



the Boolean functions using just one 7400 NAND or one 7402 NOR chip
including its various sub-families.

X - + | X Digital Logic ¢ @) | % Universallog @) | X LogicANDG= @) | X LogicORGat= @) X 7400Series @ X Whatis ATMe: . | X Almega32-© W | X atmega-co G

futurlec.com/ICT4005eries.shtml @ O >

~» Order Status 74 Series
Departments
® Integrated Circuits Features
B 74 Series = Original 74 Series
L] + Limited Stocks Available
® 74AC Series = For New Designs Use 74LS and 74HC Parts
® T4ALS Series .
m 74LS Series 74 Series
B 7415 SMD
= 74LVC SMD

QwLEesis 7400 7400 Quad 2-input NAND Gate Yes | PDIP14 1 $0.60
= Tatic Sone p E| [ =
B 74HCT Series 7401 7401 Quad 2-input NAND Gate (Open Collector) =] Yes | PDIP14 1 soo0 | [1 | |CEEA
W T4F Series
m 745 Series 7402 7402 Quad 2-input NOR Gate =] Yes | PDIP14 1 s03s| [1 | |cEEd
4000 Series
s 7403 7403 Quad 2-input Positive-NAND Gate (Open Callector) B | Yes |PDIP14 1 sod0| 1]
Microprocessors
ey 7404 7404 Hex Inverter ] No | PDIP14 1 50.85
Memory
e /A Conveter 7405 7405 Hex Inverter (Open Collactor) =] Yes | PDIP14 1 sos0| 1 |
Special Function 7408 7408 Hex Inverter Buffer/Driver (Open Collector) = Yes | PDIP14 1 sod0| [1 |EEEEA
Crystals
= Transistors 7407 7407 Hex Buffer (Open Collector) B | Yes |POP14 1 so55 [1 |G
= Diodes
» Resistors 7408 7408 Quad 2-input AND Gate =] Yes | PDIP14 1 sods| [1 | |CEEA
® Capacitors
O e 7410 7410 Triple 3-input NAND Gate =] Yes | PDIP14 1 so4s| [1 |
B Potentiometers N .
o v 7411 7411 Triple 3-input AND Gate ] No | PDIP14 1 5095
Qs 7413 7413 Dual 4-input NAND Gate Schmitt Tri ¢ PDIP14 1 50.95
D val 4-inpul ate Schmitt Trigger £ es [
= Sockels 7414 7414 Hex Inverter Schmitt Trigger =] Yes | PDIP14 1 so45| 1 |
B Connectors
Taar FaAr e Lx ] [V LY 4 ra4n . wr————

o~ Universal Logic G...html DD
-

37 Sl il 30 i

@

+ | x Digitsl Logic ¢ @ | X Universsllog @ | X LogicaND G @) | X LogicORGate @ X Integrat=d 0 @ X Whatis ATMe: ~© | X Almega3?8-. W | X atmega- oo

i@ x @ futurleccom/ICTASeriesshiml & D >

Futurlec

BESTSELLERS WHAT'S NEW TECHNICAL SUPPORT

Hello. Welcome to Futurlec. The ELECTRONIC COMPONENTS Superstore. To find the component your looking for, either search by Part Mumber or visit the relative
department. Need Help.

Order Status 74 SERIES
Departments Epp—
= |ntegrated Circu T
(] TTL 74 Series
™ 74 Series Standard 74 Series, not recommended for new designs, as has been superseded by 74LS, 74HC series.
® 74AC Series
W T4ALS Series 74LS SERIES
B 741 S Series _
W 74LS SMD 74LS Series
| 74LVC SMD Low Power Schottky Logic Family, offering improved speed and reduce power consumption to standard 74 series.
B T4HC Series
® 74HC SMD 74LS SMD
B 74HCT Series R
W 74F Series 74LS SMD Series
W 745 Series Low Power Schottky Logic Family, in SMD type for compact designs.
B 4000 Series
® Linear Series 74HO SERIES
® Microprocessors .
B Microconirollers 74HC Series
= Memory High Speed CMOS Logic Family
B AD and D/A Converter
® Special Function T4HOT SERIES
® Crystals .
AT 74HCT Series
= Diodes High Speed Low Power CMOS Family, similar to LSTTL.
B Resisiors
T4F SERIES

~  Universal Logic G...html @

TIA3T S, il 30 Lind

H L Type here to search 5 == § 0 ) ENG




