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Lecture 4 Logic Gates

The term gate was introduced to describe a circuit that performs a basic logic operation.

Logic gates are one of the fundamental building blocks of digital systems. Most of the functions
in a computer, with the exception of certain types of memory, are implemented with logic gates
used on a very large scale. For example, a microprocessor, which is the main part of a computer,
is made up of hundreds of thousands or even millions of logic gates.
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AND Gate Truth Table

The logical operation of a gate can be expressed with a truth table that lists all input
combinations with the corresponding outputs, as illustrated in Table for a 2-input AND
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gate. The truth table can be expanded to any number of inputs. Although the terms HIGH
and LOW tend to give a —physicall sense to the input and output states, the truth table is
shown with 1s and 0s; a HIGH is equivalent to a 1 and a LOW is equivalentto a 0 in
positive logic. For any AND gate, regardless of the number of inputs, the output is HIGH
only when all inputs are HIGH. The total number of possible combinations of binary
inputs to a gate is determined by the following formula:

N=2"

where N is the number of possible input combinations and n is the number of input
variables.

To illustrate, For two input variables: N = 22 = 4 combinations

For three input variables: N = 23 = 8 combinations

For four input variables: N = 24 = 16 combinations
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an AND gate is used in a simple automobile seat belt alarm system to detect when the
ignition switch is on and the seat belt is unbuckled. If the ignition switch is on, a HIGH is
produced on input A of the AND gate. If the seat belt is not properly buckled, a HIGH is
produced on input B of the AND gate. Also, when the ignition switch is turned on, a
timer is started that produces a HIGH on input C for 30 s. If all three conditions exist—
that is, if the ignition is on and the seat belt is unbuckled and the timer is running—the
output of the AND gate is HIGH, and an audible alarm is energized to remind the driver.

HIGH=On Ignition A
&0 A O——————
LOW =0ff switch
HIGH =Unbuckled  Seat i 5 A;::rirbﬁe
LOW =Buckled belt C ‘ ) L St

HIGH activates
alarm.

— Timer —
Ignition on = HIGH for 30 s

A simple seat belt alarm circuit using an AND gate.
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Application:A simplified portion of an intrusion detection and alarm system is
shown in Figure. This system could be used for one room in a home—a room with
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two windows and a door. The sensors are magnetic switches that produce a HIGH
output when open and a LOW output when closed. As long as the windows and the
door are secured, the switches are closed and all three of the OR gate inputs are
LOW. When one of the windows or the door is opened, a HIGH is produced on that

input to the OR gate and the gate output goes HIGH. It then activates and latches
an alarm circuit to warn of the intrusion.

Open deor/window
sensors

HIGH = Open
LCW = Closed
HIGH activates
|7 alarm.
m —\ T\ Alarm
! / circuit

A simplified intrusion detection system using an OR gate.
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The NAND Gate

The term NAND is a contraction of NOT-AND and implies an AND function with a
complemented (inverted) output. The standard logic symbol for a 2-input NAND gate
and its equivalency to an AND gate followed by an inverter are shown in Figure where
the symbol K means equivalent to. A rectangular outline symbol is shown in part (b).

A — A A— &
X = X AN
3_} B—D |D B —

(a) Distinctive shape, 2-input NAND gate and its (b) Rectangular outline, 2-input NAND
NOT/AND equivalent gate with polarity indicator

Standard NAND gate logic symbols

Operation of a NAND Gate
LOW (0) LOW (0)
LOW (0) EHIGH ® HIGH (1) ﬂ HIGH M)
HIGH (1) HIGH (1) .
LOW (0) ﬂmmm HIGH (1) ﬂ LOW (@

Operation of a 2-input NAND gate.

Example:If the two waveforms A and B shown in Figure are applied to the NAND gate
inputs, determine the resulting output waveform.
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I an active-LOW
I output.

et e
A and B are both HIGH during these
four time intervals; therefore, X is LOW.

Negative-OR Equivalent Operation of a NAND Gate
For a 2-input NAND gate performing a negative-OR operation, output X is HIGH
when either input A or input B is LOW, or when both A and B are LOW.
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=

NAND Negative-OR

standard symbols representing the two equivalent operations of a NAND gate.

Example:

Two tanks store certain liquid chemicals that are required in a manufacturing process.
Each tank has a sensor that detects when the chemical level drops to 25% of full. The
sensors produce a HIGH level of 5 V when the tanks are more than one-quarter full.
When the volume of chemical in a tank drops to one-quarter full, the sensor puts out a
LOW level of 0 V. It is required that a single green light-emitting diode (LED) on an
indicator panel show when both tanks are more than one-quarter full. Show how a NAND
gate can be used to implement this function.

/'-" -\
| — _/] =
Tank A 9
Level sensor
HIGH
= Green light
(- > HIGH ind l.rf\t‘:s both
— tanks are
’ greater than
Ly 1/4 full.

—————r Level sensor

As long as both sensor outputs are HIGH (5 V), indicating that both tanks are more
than one-quarter full, the NAND gate output is LOW (0 V). The green LED circuit is
connected so that a LOW voltage turns it on. The resistor limits the LED current.
Example: for the 4-input NAND gate in, operating as a negative-OR gate, determine the
output with respect to the inputs.
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The output waveform X is HIGH any time an input waveform is LOW as shown in the
timing diagram.

The NOR Gate

The term NOR s a contraction of NOT-OR and implies an OR function with an inverted
(complemented) output. The standard logic symbol for a 2-input NOR gate and its
equivalent OR gate followed by an inverter are shown in Figure (a). A rectangular outline
symbol is shown in part (b).

A:Do—x - A X “ 2l K oy
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(a) Distinctive shape, 2-input NOR gate and its NOT/OR (b) Rectangular outline, 2-input
equivalent NOR gate with polarity indicator

Standard NOR gate logic symbols

Operation of a NOR Gate

Example :If the two waveforms shown in Figure 3—-36 are applied to a NOR gate, what is
the resulting output waveform?

Truth table for a 2-input
NOR gate.

W VW
LOW () 3 HIGH (1) LOW (@ ﬂ LOW (0)
LOW (0) HIGH (1) Inputs Output

A B X

RO Y o—1owa A0 o—1ovo A :
LOW (0) © HIGH (1) 0 1 0
1 0 0

Operation of a 2-input NOR gate. . 1 1 0

1 = HIGH, 0 = LOW.
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Negative-AND Equivalent Operation of the NOR Gate

For a 2-input NOR gate performing a negative-AND operation, output X is HIGH
only when both inputs A and B are LOW.

) >—="1

NOR Megative-AND

Standard symbols representing the two equivalent operations of a NOR gate.

Example: A device is needed to indicate when two LOW levels occur simultaneously on
its inputs and to produce a HIGH output as an indication. Specify the device.??

Solution: A 2-input NOR gate operating as a negative-AND gate is required to produce a
HIGH output when both inputs are LOW, as shown in Figure

LOW —a
} HIGH
LOW —O !

The Exclusive-OR and Exclusive-NOR Gates

Standard symbols for an exclusive-OR (XOR for short) gate are shown in Figure

The XOR gate has only two inputs.

For an exclusive-OR gate, output X is HIGH when input A is LOW and input B is
HIGH, or when input A is HIGH and input B is LOW; X is LOW when A and B are both
HIGH or both LOW.
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(a) Distinctive shape (b) Rectangular outline

Standard logic symbols for the exclusive-OR gate.

The Expression Logic for EX-OR Gate :

Do

...Iisequivalentto ..

AB
Do- AB +AB
>

A@®B = AB +AB

w >

AB

Truth table for an exclusive-
OR gate.

Inputs Output
A B X
0 0 0
0 1 1
1 0 1
1 1 0

Application: A certain system contains two identical circuits operating in parallel. As
long as both are operating properly, the outputs of both circuits are always the same. If
one of the circuits fails, the outputs will be at opposite levels at some time. Devise a way
to monitor and detect that a failure has occurred in one of the circuits.

b Jom i) e Obam gl 3 Jlanll iS5 pllss 3 XOR Gate yl 51 &) plasat S5
N T VLR S U PR S 3 moer ws LS XOR ol ST 3y e e

OB oA gt 3 e Bods 13]a (LOW adsve dgx D= 3 XOR ol ST 2l Ty Wl G s

Al asi 3 Jlae 342 1) 3020 HIGH i g W 36 Bl A JWuy s RICGRDCE RV o

N HIGH
Circmit A
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HIGH (indicates failure)

Example of exclusive-OR gate operation with pulse waveform inputs.
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Standard logic symbols for the exclusive-NOR gate.

The Exclusive-NOR Gate

For an exclusive-NOR gate, output X is LOW when input A is LOW and input B is HIGH, or
when A is HIGH and B is LOW; X is HIGH when A and B are both HIGH or both LOW.
The four possible input combinations and the resulting outputs for an XNOR
gate are shown in Figure The operation of an XNOR gate is summarized in Table. Notice
that the output is HIGH when the same level is on both inputs.
Example: Determine the output waveforms for the XOR gate and for the XNOR gate,
given the input
waveforms, A and
B, in the Figure

A
X
B —#, A® 3  AGB ] -

2-input "Ex-OR" gate plus a "NOT gate

Summary
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D) D[P [P

00 0 Do 0 o0 1 o0 1
01 0 01 1 01 1 — 01 1
10O 0 10 1 1O 1 — 10 1
11 1 11 1 11 0 11 0
AND OR NAND Negative-OR Inverter

0o 1 Do 1 00 0 00 1

01 0 = 01 0 01 1 01 0

10 0o — 10 0 10 1 1o 0

11 0 11 0 11 0 11 1

NOR Negative-AND Exclusive-OR Exclusive-NOR

2. ANOT gate cannot have more than one input.

3. If any input to an OR gate is zero, the output is zero.

4. If all inputs to an AND gate are 1, the output is 0.

5. A NAND gate can be considered as an AND gate followed by a NOT gate.
6. A NOR gate can be considered as an OR gate followed by an inverter

Truth table for an exclusive-

LOW (0) :)DO_ HIGH (1) LOW (0) :Doi LOW () NOR gate.
LOW (0) HIGH (1)

Output

X

Inputs
) )} HIGH (1)
LOW (0) HIGH (1)

All possible logic levels for an exclusive-NOR gate.
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