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Aim of the Course

Study the following general topics
1. Number Systems 
2. Arithmetic Operations
3. Logic Gates
4. Boolean Algebra
5. Logic Simplification
6. Combinational Logic Analysis
7. Function of combinational logic
8. Latches, Flip-Flops, Timers

9. Counters
10. Shift Registers
11. Memory



Analog VS Digital Signal



Types of electronic devices or instruments:

• Analog

• Digital

• Combination analog and digital



A. The conventional numbering system uses ten digits: 
0,1,2,3,4,5,6,7,8, and 9.

B. The binary numbering system uses just two digits: 0 and 1.

C. The two binary digits are designated 0 and 1

D. They can also be called LOW and HIGH, where LOW = 0
and HIGH = 1



Major parts of a digital pulse

1. Base line

2. Amplitude

3. Rise time (tr)

4. Pulse width (tw)

5. Fall time (tf)

tw = pulse width

T = period of the waveform

f = frequency of the waveform
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Example 1



There are only three basic logic operations:

NOT ( ഥ )

AND (x)

OR (+)

Logic Gates



input is LOW, output is HIGH

input is HIGH, output is LOW

NOT Gate Operation

The output logic level is always opposite the input logic 
level.



When any input is LOW, 
the output is LOW
When both inputs are 
HIGH, the output is HIGH

AND Gate Operation



When any input is 
HIGH, the output is 
HIGH
When both inputs are 
LOW, the output is 
LOW

OR Gate Operation



The decimal number system has ten digits: 

0, 1, 2, 3, 4, 5, 6, 7, 8, and 9

The decimal numbering system has a base of 10 with 
each position weighted by a factor of 10:

Decimal Numbers



The binary number system has two digits: 
0 and  1

The binary numbering system has a base of 2 
with each position weighted by a factor of 2:

Binary Numbers



Sum of Weight



Conversions



Conversions



Conversions



Addition in Binary Rules

1+1+1 = 11       Sum of 1 with a carry of 1  

A
B
C
D
E



Addition in Binary Examples



Subtraction in Binary Rules



Subtraction in Binary Example



1’s complement



2’s complement



Home Work (Due date 08-10-2024)
1. Prepare a report on Digital gates applications in 

Laser Engineering (3 Pages) 

2. Solve the following questions
A. Convert the number 1011.10011 to decimal
B. Convert the number 11 to binary
C. Add 102 + 10010 and write the result both in binary 

and decimal
D. Subtract 10102 − 1010 and write the result both in 

binary and decimal



HW Form: Scan QR



References: Scan QR



Telegram Group: Scan QR
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1. Decimal to binary conversion methods
2. Binary Multiplication and Division
3. Signed Binary Numbers
4. Hexadecimal Numbers: Conversion 

and Arithmetic
5. Octal Numbers 
6. HW



Decimal and 
Binary 

Representation













Binary Multiplication and 
Division







Signed Binary Numbers



Sign Bit Magnitude Bit 

0
-ve

1
+ve





Q
A



Hexadecimal 
Numbers



















Octal 
Numbers





Home Work 
(Due date 

20-10-2024)

1

2

3

4
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1. NOT GATE
2. AND GATE
3. OR GATE
4. NAND GATE
5. NOR GATE
6. XOR GATE
7. XNOR GATE

8. Writing Boolean 
Expression

9. IC
10.Datasheet
11.HW



NOT GATE



NOT GATE



AND GATE



AND GATE



AND GATE





OR GATE



OR GATE



NAND GATE



NAND GATE



NOR GATE



NOR GATE



NOR GATE



XOR GATE



XNOR GATE

X



ALL GATES



Writing Boolean Expression



IC



DATASHEET



Home Work

1
DRAW THE 

OUTPUT 
TIMING 

DIAGRAM



Home Work

2
DRAW THE 

OUTPUT 
TIMING 

DIAGRAM



Home Work

3

DRAW THE 
OUTPUT 
TIMING 

DIAGRAM



Home Work

4

DRAW THE OUTPUT TIMING 
DIAGRAM FOR XOR & XNOR



10 Home Work

5

FOLLOW THE INPUTS 
THROUGH THE CIRCUIT AND 
STATE IF THE ALARM WILL 
RING OR NOT



Home Work

6

WRITE THE 
BOOLEAN 

EXPRESSION 
OF THE 
CIRCUIT
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1. Boolean Algebra
2. DeMorgan’s Theorems
3. SOP & POS & Truth Table
4. K-Map
5. HW



Simple properties



Boolean Rules



Rules Simplify Logic

R-10

R-11

R-12



Augustus De Morgan

1

2

De Morgan’s Theorems



Applications of De Morgan’s Theorems

EX-1

EX-2

ANS



ANS



EX-3

ANS



EX-4

ANS

EX-4

Sum of Products 

(SOP)



Product of Sums (POS)



Truth Table Generation from SOP



Truth Table Generation from POS



SOP & POS Generation from Truth Table

SOP

POS



Maurice Karnaugh

Karnaugh Map (K-Map)



4-Input K-Map



Cell Adjacency



Solving 3-Input K-Map



Solving 4-Input K-Map



K-Map Rules for SOP



SOP from K-Map



SOP Minimization Using 3-Input K-Map



SOP Minimization Using 4-Input K-Map



Truth Table & K-Map



“Don’t Care” Condition



POS Mapping Using K-Map



POS Simplification Using K-Map



5-Input K-Map



Home Work

1- Apply DeMorgan’s theorems to the following 

2



3- Which Circuits are Equivalent?



4

5

6



Digital Electronics

Lec. Dr. Taif Alawsi

University of Technology

Laser & Optoelectronics 

Engineering Department

Lec. 5: Combinational Logic Analysis : 2024-Oct-27



Lecture Outline

2

1. Circuit Design
2. Circuit Minimization
3. Circuit from Expression
4. Circuit from Truth Table
5. Universal NAND – Universal NOR
6. Multiple Input Timing Diagram
7. HW



Design ProblemsDesign Problems
Ex-1



Sol



XOR Gate Equivalent CircuitXOR Gate Equivalent Circuit



Circuit from ExpressionCircuit from Expression

Ex-2



Ex-3



Circuit from ExpressionCircuit from Expression
Ex-4



Circuit from Truth TableCircuit from Truth Table
Ex-5





Ex-6





Circuit MinimizationCircuit Minimization
Ex-7





Universal NANDUniversal NAND





Universal NORUniversal NOR





Timing Diagram for Combinational Circuit

Ex-8





Ex-9





Home Work

1

2- Develop a truth 
Table for the 

circuit



3- Minimize the circuit
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1. Half Adders
2. Full Adders
3. Parallel Binary Adders
4. Cascading
5. Comparators
6. IC Sets
7. HW



Half AdderHalf Adder



Half Adder Equivalent CircuitHalf Adder Equivalent Circuit



Full AdderFull Adder



Full Adder Equivalent CircuitFull Adder Equivalent Circuit



Full Adder Using Two Half AddersFull Adder Using Two Half Adders



101+011=1000Ex-1Ex-1



4-bit Binary Adder4-bit Binary Adder



Logic Symbol of 4-Bit Binary AdderLogic Symbol of 4-Bit Binary Adder



T-T for 4-Bit Binary AdderT-T for 4-Bit Binary Adder



Ex-2Ex-2





74LS283 IC74LS283 IC



Ex-3Ex-3



SolutionSolution



ComparatorsComparators



Ex-4: Compare the following two 2-bit Binary numbersEx-4: Compare the following two 2-bit Binary numbers

(a) 10 and 10(a) 10 and 10 (b) 11 and 10(b) 11 and 10



4-bit Comparator Logic Symbol4-bit Comparator Logic Symbol



EX-5EX-5



74HC85 IC74HC85 IC



EX-6EX-6



Home Work

1 Use 4-bit Binary adder to find 1011+1010

2
Sketch the 
waveform A=B

2M

2M



3

4- Determine 
the complete 
Sum

4M

4M
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2. Encoders
3. Multiplexers
4. Demultiplexers
5. 74HC47 IC (BCD/7-SEG)
6. HW



DecodersDecoders

A decoder is a digital circuit that detects the presence of a specified

combination of bits (code) on its inputs and indicates the presence

of that code by a specified output level. In its general form, a

decoder has n input lines to handle n bits and from one to 2𝑛 output
lines to indicate the presence of one or more n-bit combinations



2X4 LINE Decoder2X4 LINE Decoder





3X8 LINE Decoder3X8 LINE Decoder







EX-1EX-1



SolSol



SolSol



BCD/7-SEGBCD/7-SEG



74HC47 IC 74HC47 IC 

Blanking 
Input / 
Ripple 

Blanking 
Output

Blanking 
Input / 
Ripple 

Blanking 
Output

Ripple 
Blanking 

Input

Ripple 
Blanking 

Input

Lamp TestLamp Test



Leading zero suppressionLeading zero suppression



Trailing zero suppressionTrailing zero suppression



EncoderEncoder
An encoder is a combinational logic circuit that essentially performs a “reverse”

decoder function. An encoder accepts an active level on one of its inputs representing

a digit, such as a decimal or octal digit, and converts it to a coded output, such as

BCD or binary. Encoders can also be devised to encode various symbols and

alphabetic characters. The process of converting from familiar symbols or numbers

to a coded format is called encoding.



4 x 2 Line Encoder4 x 2 Line Encoder





A multiplexer (MUX) is a device that allows digital information from several sources to be

routed onto a single line for transmission over that line to a common destination. The basic

multiplexer has several data-input lines and a single output line. It also has data-select inputs,

which permit digital data on any one of the inputs to be switched to the output line.

Multiplexers are also known as data selectors

MultiplexerMultiplexer





4x1 Multiplexer4x1 Multiplexer





4x1 Multiplexer Symbol4x1 Multiplexer Symbol



4x1 Multiplexer Timing Diagram4x1 Multiplexer Timing Diagram



DemultiplexerDemultiplexer

A demultiplexer (DEMUX) basically reverses the multiplexing function. It takes digital

information from one line and distributes it to a given number of output lines (data

distributor).









Home Work

1 Design a 1-to-32 line demultiplexer Using Both 1-to-4 
and 1-to-8 line demultiplexers

2 Explain the operation of Fig 1H, next slide

10 M

6 M



Fig. 1-H
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1. Flip-Flops
2. Counters
3. 555 Timer
4. Oscillator
5. HW



SR & GATED SRSR & GATED SR



State TableState Table



JK FFJK FF



T & D FFT & D FF



T & D FFT & D FF



FF (+VE & -VE Edge)FF (+VE & -VE Edge)



Timing DiagramTiming Diagram



-ve edge JK 

FF Operation

-ve edge JK 

FF Operation



Frequency 

Doubler

Frequency 

Doubler



2-bit Binary 

Counter

2-bit Binary 

Counter



3-bit Binary 

Counter

3-bit Binary 

Counter



Four Stage Synchronous Binary Counter



Four Stage Synchronous Binary Counter









STEP 1
Given in the 

Question

Counters Design Steps



Present State Next State
Q2 Q1 Q0 Q2 Q1 Q0
0 0 0 0 0 1

0 0 1 0 1 1

0 1 1 0 1 0

0 1 0 1 1 0

1 1 0 1 1 1

1 1 1 1 0 1

1 0 1 1 0 0

1 0 0 0 0 0

STEP 2: Create the State Table



STEP 3: Each FF Has its own Transition Table

We will use only JK FF
Memorize this table



Outputs
J2 K2 J1 K1 J0 K0
0 X 0 X 1 X
0 X 1 X X 0

0 X X 0 X 1

1 X X 0 0 X
X 0 X 0 1 X
X 0 X 1 X 0

X 0 0 X X 1

X 1 0 X 0 X

STEP 4: Use the Transition Table to find the output



STEP 5: Map the Outputs into K-Map



STEP 6: Find the Equation Using K-Map Minimization Techniques



STEP 7: Build the Counter



555 Timer IC555 Timer IC





Astable Mode



Monostable Mode



Bistable Mode



Non-retriggerable

The Schmitt-Trigger

The 555 Timer

One-Shot



Oscillators (Astable Multivibrators)

The frequency of oscillation

The time that the output is HIGH (𝑡𝐻)

The time that the output is LOW (𝑡𝐿)

The period, T

The duty cycle is



EXAMPLE



Solution



Home Work

1

2

10 M

14 M

6 M
Design A Synchronous counter with JK flip flop 
that gives the sequence shown in Fig 1-H



010010

110110

101101

111111

Fig 1-H
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