Fundamentals of Digital Logic

Digital Logic forms the foundation of digital systems, which are the
backbone of modern computing and electronics. Digital logic involves
using binary values (0 and 1) to perform various computational tasks.
Digital circuits use logic gates, which are basic building blocks, to
manipulate these binary values to perform operations like addition,
subtraction, and data storage.

1. What is Digital Logic?

Digital logic refers to the manipulation of binary values (0 and 1)
through the use of logic gates. These gates perform basic logical
operations, and by combining them in various ways, more complex
functions can be achieved. The binary system is the key to digital
electronics, where all data and instructions are represented in a series
of Os and 1s.

2. Basic Concepts of Digital Logic
. Binary System:

o Digital systems use the binary number system, which is
composed of two digits: 0 and 1. In binary, O represents the
off state, and 1 represents the on state.

. Boolean Algebra:

o Boolean algebra is the mathematical foundation of digital
logic. It deals with binary variables and logical operations.
The variables can take only two values: true (1) and false (0).
Boolean operations include AND, OR, NOT, and
combinations of these operations.



3. Basic Logic Gates

Logic gates are the building blocks of digital circuits. They take one or

more binary inputs and produce a single output. The basic types of logic
gates are:

1. AND Gate:

o The AND gate outputs 1 only when both inputs are 1;
otherwise, it outputs 0.

o Truth Table:
ABAANDB
000
010
100
111
2. OR Gate:

o The OR gate outputs 1 when at least one of the inputs is 1;
otherwise, it outputs O.

o Truth Table:
ABAORB
000
011

101



ABAORB
111
3. NOT Gate (Inverter):

o The NOT gate outputs the opposite of the input. If the input
is 0, the output is 1; and if the input is 1, the output is O.

o Truth Table:
ANOTA
01
10
4. NAND Gate:

o The NAND gate is the opposite of the AND gate. It outputs O
only when both inputs are 1, otherwise, it outputs 1.

o Truth Table:
ABA NANDB
001
011
101
110
5. NOR Gate:

o The NOR gate is the opposite of the OR gate. It outputs O

when at least one input is 1, and outputs 1 only when both
inputs are 0.



o Truth Table:
ABANORB
001
010
100
110
6. XOR Gate (Exclusive OR):

o The XOR gate outputs 1 when the inputs are different (one 0

and one 1), and 0 when the inputs are the same (both 0 or
both 1).

o Truth Table:
ABAXORB
000
011
101
110
7. XNOR Gate (Exclusive NOR):

o The XNOR gate is the opposite of XOR. It outputs 1 when the
inputs are the same, and 0 when the inputs are different.

o Truth Table:



ABAXNORB
001
010
100

111

4. Combinational Logic Circuits

Combinational logic circuits are digital circuits whose output depends
only on the current inputs. These circuits use multiple gates in various
configurations to perform complex operations. Examples include:

1. Adders:

o Half Adder: Adds two single-bit binary numbers.

o Full Adder: Adds three binary numbers, including a carry bit.
2. Multiplexers (MUX):

o A multiplexer selects one of many inputs and forwards it to
the output based on a control signal.

3. Decoders:

o A decoder takes a binary input and activates the
corresponding output line.

4. Encoders:

o An encoder performs the inverse of a decoder by converting
the active line into a binary code.

5. Comparators:



o A comparator compares two binary numbers and provides
outputs based on the comparison result.

5. Sequential Logic Circuits

Unlike combinational logic, sequential circuits have outputs that
depend on both the current inputs and the previous state. These
circuits use flip-flops and latches to store information, which makes
them essential for memory, registers, and state machines.

1. Flip-Flops:

o Aflip-flop is a circuit that can store one bit of information.
Common types include:

SR Flip-Flop (Set-Reset)
D Flip-Flop (Data)
JK Flip-Flop
T Flip-Flop
2. Registers:

o Aregisteris a group of flip-flops used to store multi-bit data.
Registers are used in microprocessors for storing data
temporarily.

3. Counters:

o A counter is a sequential circuit used to count events,
typically used in timekeeping or generating timing signals.
They can count up, down, or in a specific sequence.

6. Boolean Algebra



Boolean algebra is the mathematical framework used to analyze and
simplify digital logic circuits. It consists of a set of operations (AND, OR,
NOT, etc.) that are applied to binary variables. Some important rules in
Boolean algebra are:

. Idempotent Law:
A+A=AA + A = AA+A=A
A-A=AA \cdot A = AA-A=A

« Commutative Law:

A+B=B+AA + B =B + AA+B=B+A
A-B=B-AA \cdot B = B \cdot AA-B=B-A

. Associative Law:
(A+B)+C=A+(B+C)(A+B) + C=A + (B + C)(A+B)+C=A+(B+C)
(A-B)-C=A-(B-C)(A \cdot B) \cdot C = A \cdot (B \cdot
C)(A-B)-C=A:(B:C)

« Distributive Law:
A-(B+C)=(A-B)+(A-C)A \cdot (B + C) = (A \cdot B) + (A \cdot
C)A-(B+C)=(A-B)+(A-C)
A+(B:C)=(A+B)-(A+C)A + (B \cdot C) = (A + B) \cdot (A +
C)A+(B-C)=(A+B)-(A+C)

. De Morgan’s Theorems:

o (A-B)'=A’+B'(A\cdot B)' = A" + B'(A-B)'=A"+B’

o (A+B)'=A"-B'(A + B)' = A' \cdot B'(A+B)'=A"-B’

7. Applications of Digital Logic

1. Computing Systems:



o Digital logic is the foundation of computer architecture,
enabling the operation of CPUs, memory, and input/output
devices.

2. Control Systems:

o Digital circuits control industrial machines, robotics, traffic
lights, and various automated systems.

3. Communication Systems:

o Digital logic is used in the design of circuits for encoding,
transmitting, and decoding signals in communication
systems like cell phones and the internet.

4. Consumer Electronics:

o Devices such as televisions, microwave ovens, and cameras
rely on digital logic to process and control operations.

5. Signal Processing:

o Digital logic plays a key role in digital signal processing (DSP)
systems for audio, video, and data compression.



