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Topic 1: Number Systems



1 / A — Target Population :-

This topic is intended for first-year students enrolled in the Department of
Electronic Techniques at the Technological Institute of Basra, Southern
Technical University. These students are beginning their journey into digital
electronics and require foundational knowledge to understand how computers
and digital systems process information numerically.

1 / B — Rationale :-

Number systems form the backbone of digital logic. All digital electronics—
from microprocessors to programmable circuits—operate using binary and other
number systems such as octal and hexadecimal. Students must be proficient in
understanding and converting between these systems to analyze digital signals,
design circuits, and interpret processor-level operations. Without this
foundational skill, further study in logic design, coding, and digital
communication becomes ineffective.

This unit prepares learners to:

Understand how numerical values are stored, transmitted, and manipulated in
digital devices.

Connect abstract concepts of base systems to practical hardware applications.

Develop fluency in binary, octal, decimal, and hexadecimal conversions,
enabling ease of transition to logic gate and memory unit topics later in the
course.



1 / C — Central Idea :-
This module focuses on:

Types of Number Systems: Decimal (Base-10), Binary (Base-2), Octal (Base-8),
Hexadecimal (Base-16)

Representation: How numbers are expressed in each system using place value.
Conversions:

Between any base to decimal

Decimal to binary, octal, and hexadecimal

Binary to octal/hex and vice versa

Codes:

Binary-Coded Decimal (BCD)
Excess-3 Code

Gray Code

These concepts build critical skills for digital circuit analysis and programming
logic operations.

1 / D — Performance Objectives :-

By the end of this unit, the student will be able to:

Knowledge

Identify and describe different number systems and their characteristics.

Recognize binary equivalents of decimal numbers and vice versa.

Skills



Perform accurate conversions between decimal, binary, octal, and hexadecimal
systems.

Represent numbers using BCD, Gray, and Excess-3 codes.

Competence

Analyze binary-coded data in practical applications such as digital counters and
microcontrollers.

Interpret number formats used in computer architecture, digital displays, and
logic circuits.

Chapter one
Numeral systems

i allaill sasy alae Y15 2 Y i) dardiosal) 5 yall 3 Jsell (e de sena g dlacY) alkis
Jie DYl calite A dlac Y alad aadien daaal) aidll e et Lealadtiol g ) ga ) a5
Aalilarl) g dbual) llasdl Qg 5 a8 ,Y1 Q! dustighl 5 el s gall ezl )

Types of Number Systems: dac¥! ki g i

There are four types of number systems commonly used in mathematics and
computing. They are: <tuab il A a3ld JU0 a0did Al alae Y aai e g 63 dny ) cllia
ELE A sall

1. Decimal Number System
4 plall dacy) allai

2. Binary Number System
ALY alac ) allas

3. Octal Number System
@w\ 4\.\9‘2\ @LBJ



4. Hexadecimal Number System
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For example:

(i) Convert (10101); to decimal.

Solution :
(Positional weight) 24282221 2°
Binary number 10101

=(1x2“)+(0x23)+(1x22)+(0x21)+(1x20)
=16+ 0+ 4+ 0+ 1
= (21)10

(ii) Convert (111.101), to decimal.
Solution:
(111.101), =(1x2)+(1x2Y+(1x2°)+(1x2")+(O0x2H+(1x27)
=4+2+1+05+0+0.125
= (7.625) 4,
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0 000
1 001
2 010
3 011
4 100
5 101
6 110



For example:

(i) Convert (101111010110.110110011); into octal.

Solution :
Group of 3 bits are 101 111 010 110 . 110 110 011
Convert each group into octal= 5 7 2 6 . 6 6 3

The resultis (5726.663);
(ii) Convert (10101111001.0111); into octal.

Solution :
Binary number 10 101 111 001 . O11 1
Group of 3 bits are = 010 101 111 o001 . 011 100
Convert each group into octal = 2 5 7 1 . 3 4

The resultis (2571.34),
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C 1100
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For example:
(i) Convert (1011011011); into hexadecimal.

Solution:
Given Binary number 10 1101 1011
Group of 4 bits are 0010 1101 1011
Convert each group intohex = 2 D B

The result is (2DB)4g
(ii) Convert (01011111011.011111); into hexadecimal.

Solution:
Given Binary number 010 1111 1011 . 0111 11
Group of 3 bits are = 0010 1111 1011 . 0111 1100
Convert each group into octal = 2 F B . 7 C

The result is (2FB.7C)4s

DECIMAL NUMBER SYSTEM
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For example:
(i) Convert (52),, into binary.



2152
2126 —0
2113 —o0
216 —1
213 —o0
211 —1
0 —1

Result of (52)+o is (110100).
(ii) Convert (105.15),, into binary.

Solution:

Integer part Fraction part
21105 0.15x2=10.30
21 52 — 1 0.30x 2 =0.60
2126 — o0 0.60x2=1.20
2113 — o0 0.20x 2 =0.40
216 — 1 0.40x2=0.80
213 —o0 0.80x2=1.60
211 — 1

0 — 1

Result of (105.15)0 is (1101001.001001),

i 8 Lle ailite J<y arall 22l and o ALl Allaill ) asal) (g idall mosaall a2l ) gl
e Sl gl o jual ¢ Sl alail) ) 3y jpad) Ay S dlae Y1y sadl Ll 0 i) sy
Gle daasi a0 @l sy s aliie JS 8 8 AUl 4y 5 o) a5 (5 uall 22])

A slaall 43,



For example:
(i) Convert (378.93)4, into octal.

Solution:
81378 093 x8=7.44
8l 47 — 2 0.44x 8 = 3.52
gls —7 0.52x8=4.16
0 —5 0.16x8=1.28

Result of (378.93)4¢ is (572.7341);

s e o) U Y] g pdtall AUATY Cpa gl

OS5 e il Uil )y gl el gl g e canall pUill ) (g pdiall aldaill (g Jy gl
8 e Yy 16 saclall alasinly

For example:
(i) Convert (2598.675)4, into hexadecimal.

Solution:
Remainder
Decimal Hex Hex
16 | 2598 0.675x16=10.8 A
161 162 — 6 6 0.800x 16=12.8 C
16110 — 2 2 0.800x 16=12.8 C
0 —10 A 0.800x 16=12.8 C

Result of (2598.675)4¢ is (A26.ACCC)4s

(Octal Number Systemastaill alac ) alas
¢ AN AU Y LR U (e Jy gl
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For example:
Convert (367.52); into binary.

Solution:

Given Octal number is 3 6 7 5 2
Convert each group octal =011 110 111 . 101 010
to binary

Result of (367.52)g is (011110111.101010),

;éﬁnﬂ\ ew\ UJ‘ QALAﬂ\ ew\ O d,g\gaﬂ\

And 0 (133 (58 () 23l (b 5 US s o8 syl Ll ) () oLl (e 30 sl
ATl 4l anes gand o (8 S dnliall 3 5811 (5

For example: -
Convert (4057.06) ;s to decimal
Solution:
(4057.06) 5 4x8+0x8°+5x8" +7x8°+0x8 '+6x8?

2048 + 0 + 40 + 7 + 0 +0.0937
(2095. 0937) 10

Result is (2095.0937)40

a8 5 o A AUl ) LN aaall g sy ¥ ol B g pie ) pUail) ) Ll saadl Jy sai)



For example :-
Convert (756.603); to hexadecimal.

Solution :-

Given octal no. 7 5 6 - 6 0 3

Convert each octal digit to binary = 111 101 110 - 110 000 011

Group of 4bits are = 0001 1110 1110 . 1100 0001 1000
= 1 E E . C 1 8

Convert 4 bits group to hex.

Result is (1EE.C18)4¢

(Hexadecimal Number System)cs e <undl slac Yl ollas

: A MBI Y oy o) AU Cpa gy gl
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b 4
For example:
Convert (3A9E.BOD)+¢ into binary.
Solution:
Given Hexadecimal number is 3 A 9 E B 0 D
Convert each hexadecimal = 0011 1010 1001 1110 . 1011 0000 1101

digit to 4 bit binary
Result of (3A9E.BOD)g is (0011101010011110.101100001101),

g oal) aURIY ) (g e Canadl AUBI Cha g gail

Ojjg,jgg)ﬁasC'_LMJ\.JJ:J\‘;?EJJSL__\M?Ecéﬁd\ew\éjgﬁ@d\dﬂ\@)ﬂ
Al atl) aras aanl &3 (16 LoD Apnliall 3 581 (1) 48 5

For example: -
Convert (AOF9.0EB)¢ to decimal

Solution:

(AOF9.0EB)+s (10x 16°)+(0 x 162)+(15x 16") +(9 x 16°) +(0x 16 ") +(14 x 16 %) +(11 x 167)

40960 + 0 + 240 + 9 + 0 +0.0546 + 0.0026
(41209.0572);,

¢ AL AUBI ) (g pkie Cacal) AR (e (gl

Ao A Al ) s e Cand) daell Jy gay Y ol a8 ¢ Sl alaill ) (s e ) daall Jy sa)
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For example :-
Convert (B9F.AE),; to octal.

Solution :-

Given hexadecimal no.is B 9 F . A E
Convert each hex. digit to binary = 1011 1001 1111 . 1010 1110
Group of 3 bits are = 101 110 011 111 . 101 011 100
Convert 3 bits group to octal. = 5 6 3 7 . 5 3 4

Result is (6637.534);

1. Binary Number System
o (sdal) pUaill Y SUEN Uail) e Jy sl

o el Ul LY S U e Gl
o e ) Al ) S U e g el

2. Decimal Number System

o U AU ) (s el AU e Ji sl
o el AUl Y (s el Uil (e il
o Gdie ) AUl LY gl Al oy g padll

3. Octal Number System

o AL U Y LD U e el
o Gohall AUl ) el Uil e il
o Gt ) Al LY LN aUadl e sl

4. Hexadecimal Number System

o AN U ) e ) Ul e g el
o odall Al ) s e andl HUil) e sl
o el A L) s el QUi e G adl)



Post-Test
Answer the following:

Convert the decimal number 177 into its 8-bit binary equivalent (first convert to
octal, then to binary).

Convert the decimal number 423 into its hexadecimal form.
Convert (537)s to decimal.
What is the Gray Code for decimal number 5?

Convert binary number (10011101)2 to its octal equivalent.

Key Answers

177 — Octal: (261)s — Binary: 010110001

423 +16 =26 R7;26 +16=1R10 (A); 1 =16 =0R1 — (1A7)1s

(537)s = 5%64 +3x8 + 7 =320 + 24 + 7=35110

Decimal 5 — Gray Code: 0111

(10011101). = 001 001 110 101 (grouped) = (1175)s

Homework Assignments

Convert the octal number (641)s to decimal. (Answer: 369)

Convert (146)10 to octal and then to binary. (Answer: 222s and 0100100102)
Convert the binary number (10011101)2 to octal. (Answer: 235s)



Write the next three numbers in this octal counting sequence: 624, 625, 626, ...

Convert the decimal number (975)10 to binary by first converting to octal.
(Answer: 1111001111)

Convert binary number (1010111011)2 to decimal by first converting to octal.
(Answer: 699)

Convert (24CE):6 to decimal. (Answer: 9422)

Convert (3117)10 to hexadecimal, then from hex to binary. (Answer: C2D16s and
1100001011012)

Convert (1001011110110101)2 to hex. (Answer: 97B516)

Write the next four numbers in this hexadecimal sequence: E9A, E9B, E9C,
E9D, ...

Convert (3527)s to hex. (Answer: 75716)



Topic 2: Logic Gates



1/ A — Target Population :-

This topic 1s designed for first-year undergraduate students enrolled in the
Department of Electronic Techniques at the Technological Institute of
Basra. These students are beginning their studies in digital electronics and
require a solid understanding of logic gates, which serve as the essential
building blocks for all digital systems.

1/ B — Rationale :-

Logic gates are fundamental to digital electronics. They are used to construct
every digital device—from simple switches to advanced microprocessors. A
thorough understanding of logic gates enables students to analyze, simulate, and
design digital circuits that form the core of embedded systems, computers, and
control devices.

This topic introduces learners to:

« Digital decision-making using binary inputs and outputs
« Boolean logic in a practical and visual context
+ Circuit design using symbolic logic

It establishes the intellectual framework required for more advanced topics
such as Boolean algebra, Karnaugh maps, memory units, and arithmetic logic
units (ALUs).

1/ C —Central Idea :-



The topic revolves around the operation, representation, and truth tables of
basic and compound logic gates. It covers:

Basic Logic Gates: AND, OR, NOT

Compound and Universal Gates: NAND, NOR, XOR, XNOR
Truth Tables: Demonstrating input-output behavior

Symbolic and Boolean Representation: Standard gate symbols and
algebraic expressions

Logic Diagrams: Interpreting and constructing logic circuits

6. Universal Functionality: How NAND and NOR can replace all other
gates

b=

WD

1 /D — Performance Objectives :-
Upon completing this unit, the student will be able to:
Knowledge

 Identify standard logic gates and their Boolean expressions
« Describe the behavior of each gate using truth tables

Skills

o Construct truth tables for multi-input logic gates
« Build simple circuits using AND, OR, NOT, and compound gates
« Represent logic gates using symbolic and Boolean formats

Competence

« Analyze digital logic conditions using gate diagrams
« Select appropriate gates to meet design criteria
« Implement logic functions using universal gates (NAND/NOR)
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Logic Symbol

A%out

L aal g i Led (K1 ST 1 Galane e (g 5iai AND 49 g2

).el (s 8 OOl e Jaae IS (55 Levie Laid) ma] (Als i o 5S) g A
Dbl ) Uad() (s A 0 sS z Al ld Uad (Al 8 coEaal) aad ol 1))
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Logic Symbol

A
B:D_Q

): Sl NOT (&2

Truth table
INPUT OUTPUT
A A
0 1
1 0

AND:4 g3

Truth Table

OUTPUT
A B Q=A.B
0 0 0
0 0
1 0 0
1 1 1

OR:4 g
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Logic Symbol Truth Table

A INPUT OUTPUT
B ' Q Q=A+B

0

s |lajlo|lo| P>
~|lo|=s|lo| W@

1
1
1

NAND:& g

; NOT 4s: s AND &5 0= e 2 NAND &g
&cjm%g‘ﬁjc)eal(Mh@&%ﬁ\wuﬂum)&iﬂ(QJ{A@U}S.JGJSAS\ .

Logic Symbol Truth Table
INPUT OUTPUT
A _} A B Q= A.B
8 — 9,
0 0 1
0 1 1
1 0 1
1 1 0
NOR:4 g

o NOT. %135 5 OR &5 00 a3« 2 NOR 450 o
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Logic Symbol Truth Table

A INPUT OUTPUT
3 ' Q Q="A+B

1

- |~ |o|lo|>»
~|lo|l~|ol @

0
0
0

EXCLUSIVE-OR (X-OR):4 s

Aals z sy cpliae il dghias il 4 X-OR 4lgr o

Ledic 5), gea] (Al 8 Laid oAl aal o € Lavie) gma] (Ul 8 osSop Al .
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)30 (As g Al

Logic Symbol Truth Table

INPUT OUTPUT

A | B [Q=ADB
0 0 0
INPUTS are Aand B 0 1 1
OUTPUTisQ=A B 1 0 1
=AB+AB 1 1 0

EXCLUSIVE-NOR (X-NOR):4 s

NOT. 4l 5 X-OR &9 (e e o X-NOR &l o
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Logic Symbol
INPUT OUTPUT
A OUt A B OUT=A XNOR B
B 0 0 1
0 1 0
- 1 0 0
OUT=A B+A B
1 1 1
=AXNORB
Post-Test

Answer the following:

Draw the logic symbol and truth table for a 2-input AND gate.

What is the output of an OR gate when both inputs are 0?

Fill in the truth table for a 2-input XOR gate.

What type of gate is considered a "universal gate"?

Construct a Boolean expression for the following circuit: an OR gate
whose output goes into a NOT gate.

6. Draw how a NOR gate can be used to make a NOT gate.

b S

Key Answers
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()]

. AND Gate Truth Table:

ABX=A.B
000
0160
100
111

Output = 0 (since OR only outputs 1 if at least one input is 1)

. XOR Truth Table:

ABX=A®DB
000
011
101
110

NAND and NOR are both universal gates.
Boolean Expression: X =—(A + B) or X =(A + B)'
Connect both inputs of a NOR gate to the same input (A) — output = —A

Homework Assignments

l.

2.

|98)

Truth Tables Practice: Draw the truth tables for the following gates:
NOR, NAND, XNOR.
Boolean Expression: Write Boolean expressions for:

o A circuit with A AND B, then NOT the result.

o A circuit with A OR B, ANDed with NOT C.
Symbol Practice: Draw symbols for XOR and XNOR gates.
Application: Identify one real-world application for each of the
following gates:

o AND

o OR

o XOR

o NAND

. Challenge: Use only NAND gates to replicate an AND gate and a NOT

gate.






Topic 3: Representation of Logic Gates

/ A — Target Population :-

This topic is designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who are just beginning
their exposure to digital system design. These students must be able to read,



interpret, and create logic diagrams, which is an essential skill in both
academic labs and future engineering workplaces.

1/ B — Rationale :-

While understanding logic gates individually is important, the ability to
represent and connect them in circuit form is what enables students to
transition from theory to practical application. Circuit diagrams and logic
symbols are the language of digital electronics, used in:

Schematics

IC datasheets

Circuit design software
Documentation and troubleshooting

Mastery of these representations empowers students to:

« Read and design digital logic circuits
« Interpret Boolean algebra in physical form
o Debug and simulate circuits effectively

1/ C —Central Idea :-

This unit introduces the standard graphical and algebraic representations of
logic gates. Key components include:

Standard Symbols of AND, OR, NOT, NAND, NOR, XOR, XNOR
Boolean Expressions associated with each gate and circuit

Truth Tables to match inputs and outputs

Multi-Gate Circuits: Combining several logic gates in one diagram
Translation between logic expressions, truth tables, and circuit diagrams

SN =

1 /D — Performance Objectives :-
After completing this unit, students will be able to:
Knowledge

« Recognize and label standard logic gate symbols



« Understand the Boolean expressions related to gates and gate
combinations

Skills

o Draw circuit diagrams from Boolean expressions
« Translate truth tables into logic circuit schematics
« Use gates to represent compound Boolean operations

Competence

« Design and interpret logic circuits used in combinational systems
o Apply representation skills in simulation tools or hardware
implementation
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Post-Test
Answer the following:
1. Draw the standard logic symbol for an XOR gate.

2. Write the Boolean expression for the circuit consisting of an AND gate
with inputs A and B, followed by a NOT gate.

3. Given the expression X = A + B-C, draw the corresponding logic circuit.
4. Complete the truth table for the Boolean expression X = —A + B.
5. What is the output of the circuit when A=1 and B=0 in the following:

o AND gate

o OR gate

o NOR gate

Key Answers

1. XOR symbol: An OR symbol with an extra curved line on the input side.
2. Boolean Expression: X = —(A-B)
3. Circuit:

o Band C go to an AND gate — outputl

o A goes to another input line

o outputl and A go to an OR gate — X
4. Truth Table:

AB~AX="A+B

001 1
011 1
100 O
110 1

5. Gate outputs with A=1, B=0:
o AND:1-:0=0
o OR:1+0=1
o NOR:NOT(1+0)=0

Homework Assignments



N —

. Draw logic symbols for the following gates: NAND, NOR, XNOR.
. Write Boolean expressions for each of the following circuits:

o A circuit with A and B entering an OR gate, then output to a NOT
gate.
o A circuit with three inputs: A AND B, then the result ORed with C.

. Create truth tables for:

o X=A—"B
o X=(A+B)
Translate the following Boolean expressions into logic diagrams:
o X=A-B+—-C
o X=—(A+-B)

. Challenge: Given a circuit diagram of three gates connected in series

(AND — NOT — OR), write the Boolean expression and generate the
truth table.



Topic 4: Boolean Algebra



1/ A — Target Population :-

This topic is tailored for first-year undergraduate students in the
Department of Electronic Techniques at the Technological Institute of
Basra. The content assumes students have prior knowledge of logic gates and
truth tables and are now ready to manipulate logic expressions mathematically
and reduce circuit complexity through algebraic techniques.

1/ B — Rationale :-

In digital systems, circuit efficiency matters. More components mean more cost,
size, and power consumption. Boolean Algebra provides a powerful tool for
simplifying digital logic circuits. Using algebraic rules, students can reduce
complex expressions to their simplest forms, enabling:

« Efficient circuit design with fewer gates

« Easier troubleshooting and logic analysis

« Seamless transition to advanced topics like Karnaugh Maps,
programmable logic devices, and VHDL

Boolean Algebra also strengthens abstract reasoning and aligns closely with
programming logic, making it foundational in electronics and computer
engineering education.

1/ C —Central Idea :-



This topic introduces students to the language and rules of Boolean logic,
which form the algebraic basis for designing and simplifying digital logic
circuits. Core concepts include:

1. Boolean Variables and Expressions: Using A, B, C to represent logic
signals
2. Basic Boolean Operations: AND (), OR (+), NOT (—or")
3. Boolean Laws and Theorems:
o Identity laws
o Null laws
o Idempotent laws
o Involution and complement
o Distributive, associative, and commutative laws
4. Simplification Techniques:
o Combining like terms
o Applying absorption and consensus theorems
o Removing redundancy
5. Equivalence Verification: Using truth tables or simplification to confirm
logic equivalence

1 /D — Performance Objectives :-
By the end of this unit, students will be able to:
Knowledge

« Define Boolean variables and expressions
« List and describe Boolean laws and rules

Skills

« Simplify logic expressions using Boolean algebra
« Translate between expressions, truth tables, and logic diagrams
« Identify equivalent expressions and functions

Competence

« Apply simplification techniques to optimize circuit designs
« Use Boolean algebra to troubleshoot, verify, and implement digital logic
functions in real circuits
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(Complementation Laws):Jalsill ¢yl 68
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Law1: 0=1
Law2: 1=0 o
Law 3: ifA=0,then A= 1
Law 4: if A= 1,thenA=0

Law 5: A =0 (double complementation law)

OR (OR Laws): o) 68
(b WS (8 OR 053l A jY) () al)
Law 1: A+ 0 = 0O(Null law)
Law 2: A+ 1 = 1(ldentity law)
Law 3: A+A=A
Law 4: A+A =1

AND (AND Laws): () 8
(b LS oA AND (581 day )1 oy )
Law 1: A. 0= O(Null law)
Law 2: A. 1= 1(ldentity law)

Law 3: A.A=A
Law4: AA=0

(Commutative Laws):4lalill ) g8
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Law1: A+B=B+ A

Proof
A B A+B B A B+ A
0 0 0 0 0 0
0 1 1 = 0 1 1
1 0 1 1 0 1
1 1 1 1 1 1
Law2: A.B=B.A
Proof
A (B |A.B B |A |BA
0 0 0 0 0 0
o |1 0 = 0o |1 0
1 0 0 1 0 0
1 1 1 1 1 1

This law can be extended to any number of variables. For example
AB.C=B.C.A=C.A.B=B.A.C

(Associative Laws):gmail) ol 68
o WS aanill ) gil8 ellia ) puritall apenty apenill () 58 pranss



Law1: (A+B)+C=A+(B+C)

Proof
A B A+B | (A+B)+C A B B+C | A+(B+C)
0 0 0 0 0 0 0 0 0 0
0 0 1 0 1 0 0 1 1 1
0 1 0 1 1 0 1 0 1 1
0 1 1 1 1 i 0 1 1 1 1
1 0 0 1 1 1 0 0 0 1
1 0 1 1 1 1 0 1 1 1
1 1 0 1 1 1 1 0 1 1
1 1 1 1 1 1 1 1 1 1
Law 2: (A.B)C=A(B.C)

Proof

A B AB | (AB)C A B B.C |A(B.C)

0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 1 0 0

0 1 0 0 0 0 1 0 0 0

0 1 1 0 0 i 0 1 1 1 0

1 0 0 0 0 1 0 0 0 0

1 0 1 0 0 1 0 1 0 0

1 1 0 1 0 1 1 0 0 0

1 1 1 1 1 1 1 1 1 1

This law can be extended to any number of variables. For example
A(BCD) = (ABC)D = (AB) (CD)

(Distributive Laws): &5l (il 8
toh WS oy gl U gil8 ellia <l puaail) 8w 31 gl Jaladly o 5 5311 (i) 68 s



Law1:A (B +C)=AB + AC

Proof
A B B+C | A(B+C)

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 1 0 =
1 0 0 0 0

1 0 1 1 1

1 1 0 1 1

1 1 1 1 1

Law 2: A + BC = (A+B) (A+C)
Proof RHS = (A+B) (A+C)
=AA+AC+BA+BC

Post-Test

=A+AC

+AB+BC

=A(1+C+B)+BC

A+BC
=LHS

A.1+BC

6) Inversion Law

A=A
7)

I. A+{(A B)=A
Proof: A (I\\B}=A_ 1

1. Simplify the Boolean expression:

X=A'B+A-‘B
2. Apply Boolean laws to reduce:
X=A+A'B

3. Which law justifies this step:

A+A=A?

A B AB | AC | A#B+C)
0 0 0 0 0
0 0 0 0 0
0 1 0 0 0
0 1 0 0 0
1 0 0 0 0
1 0 0 1 1
1 1 1 0 1

A

(1+C+B=1+B=1)




4. Determine the simplified form of:
X=(A+B)A

5. Which law is applied here:
A+A"B=A+B?

Answer Key

X=AB+B)=A'1=A
X=A(1+B)=A'1=A

Idempotent Law

X =A-(A+ B)=A (by Absorption Law)
Distributive + Absorption Law

NhEwbh =

Homework

1. Simplify the following using Boolean laws:
o a)X=A+AB
o b)X=AB+A'B
o ¢)X=(A+B)A+B"
o d)X=A-B+AB'+A"B
2. Identify the laws used in each simplification.
3. Translate the following logic circuit into a Boolean expression and
simplify:
o A and B go into an OR gate
o Output and A again go into an AND gate
o Outputis X
4. Create truth tables for both:
o Original expression
o Simplified expression
Confirm their equivalence.
5. Advanced Challenge: Simplify using a combination of DeMorgan’s
Theorems and basic laws:
o X=-(-A+B)+AB



Topic 5: DeMorgan’s Theorems



1/ A — Target Population :-

This topic is intended for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who already have
foundational knowledge in Boolean algebra and logic gates. These students are
now ready to explore logic manipulation using DeMorgan’s Theorems to
simplify and transform logic expressions, especially in cases involving
inversion and universal gate applications.

1/ B — Rationale :-

DeMorgan’s Theorems are essential in digital circuit design and simplification.
They allow for the transformation of logic expressions containing NOT
operations applied to grouped variables, and are widely used in:

« Designing logic circuits using only NAND or NOR gates
« Reducing the complexity of expressions in programmable logic
o Ensuring compatibility with IC logic families and design constraints

These theorems also reinforce critical reasoning in algebraic manipulation
and set the stage for implementing minimized logic functions in hardware and
software-based logic systems.

1/ C —Central Idea :-

This unit centers around two logical equivalences known as DeMorgan’s
Theorems, which allow the breakdown of inverted expressions involving AND
and OR:

1. Theorem 1
—(A-B)=—A+—B

2. Theorem 2
(A+B)=—A-—B

These theorems are vital in:

« Converting logic using universal gates (NAND, NOR)



Rewriting expressions to simplify logic circuits
Implementing logic functions without using NOT gates separately

1 /D — Performance Objectives :-

Upon completing this unit, students will be able to:

Knowledge

State and describe DeMorgan’s Theorems
Identify inverted logic groups in expressions and circuits

Skills

Apply DeMorgan’s Theorems to simplify Boolean expressions
Convert SOP to POS using DeMorgan’s approach
Redraw logic circuits using NAND or NOR gates only

Competence

Design and optimize circuits using DeMorgan transformations
Analyze logic outputs in complex gate configurations
Apply these theorems in real-world systems and microprocessor design

(De Morgan’s Theorem): ol ) ga (53 43 ks
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Proof = — ——
A B |A+B | AsB A B A B |AB
0 0 1 0 0 1 1 1
0 1 1 0 = 0 1 1 0 0
1 0 1 0 1 0 0 1 0
1 1 1 0 1 1 0 0 0

Ao ) Lileata elaad U glua (5 6% <l jaaial) pan adia O (e 0 381 138 iy

Law2: A-B=A+B

Proof
A | B |AB | AB Al B | A | B |A+B
0 0 ! 0 0 1 1 1
0 ! 0 ! - 0 1 1 0 1
! 0 0 ! 1 0 0 1 1
! ! ! 0 1 1 0 0 0

Aol Lilaaie pand G slhase () 585 @il paaiall G i daalas adia o e (538 138 iy



AR & (S PURPAPEIEES

Y=A+B.C
Y=A+B.C
Y=AB.C
Y=A(B+0

L8 aaly e Ay aday ST ) e el 8313 ks
Y=A.B+A.B

=A.B(L+1)
=A.B

Y=A".B’+A’.B’+A’.B’

=A’.B’(1+1+1)
=A’.B’
ALY Aalad) Ly 11 JU
F=A+A.B
rJall
F=A+A.B
F=A{1+B)

F=A



Ayl Asbea)l L -2 Jlie

F=A.B+A.B’
:Jal)
F=A.B+A.B’
F=A{B+B’)
F=A
A Aabaall o 13 JUa
F=A(A’+B)
:Jal)
F=A(A’+B)

F=A-A"+A.B =) F=AB



Ay Aol L 14 Jle
F=A.B+B.C(B+C)
-Jall
F=A.B+B.C(B+C)
F=A.B+B.B.C+B.C.C
F=A.B+B.C+B.C
F=A.B+B.C
F=B(A+C)
Ay abea)) Jas 05 Jl
F=A.A+A.C+A.B+B.C
‘Jall
F=A A+A.C+A.B+B.C
F=A +A.C+A.B+B.C
F=A(1+E+B)+B.C
F=A+B.C



Y1 il s 6 Jlie

F=A.B+A(A+C)+B(A+C)

F=A.B+A(A+C)+B(A+C)
F=A.B+A.A+A.C+A:B+B.C
F=A.B+A+A.C+B.C

F=A(B+1+C)+B.C
F=A+B.C

Example 3: Prove that:

ab+ blc +ac' =ab'+bc' +a'c
Solution:

The left side:

=ab(c+ ')+ (a+a')b'c+alb+ b

= a'be +a'bc' + ab'c + a'b'c + abc' + ab'c’
= abl(c\¢) + be' (aX ) +ac {h\Kh‘]

1 1
=ab' + bc'+ a'c = The right side.

:Jall



Example 1: Find the Boolean algebra expression for the following system.

g D D_f,-
L:) ‘

Solution:
ﬂx N ABC D
( J a=
A (ABC) + A(B+T)
B =
A(B+C)
B+ C
‘ : C
0 0 0 0 1 1 1 0 0
0 0 1 0 1 0 1 0 0
0 1 0 0 0 1 1 0 0
0 1 1 0 0 0 0 0 0
1 0 0 0 1 1 1 1 1
1 0 1 0 1 0 1 1 1
1 1 0 0 0 1 1 1 1
1 1 1 1 0 0 0 0 1




Post-Test

1. Apply DeMorgan’s Theorem to simplify:

X =-(A-B)
2. Apply DeMorgan’s Theorem to this expression:
X=-(A+B:C)

3. Use DeMorgan’s Theorem to transform:
X==(A+B+C)
4. Convert the expression using NAND gates only:

X =—(A‘B)
5. Convert the expression using NOR gates only:
X =—(A + B)

Key Answers

1. (A‘-B)=—A +—B

2. (A+B:C)=—A-~(B:C)=—A - ("B +~C)

3.  (A+B+C)=—A-—B-—C

4. Use a NAND gate with inputs A and B; output is ~(A-B)
5. Use a NOR gate with inputs A and B; output is ~(A + B)

Homework

1. Simplify using DeMorgan’s Theorems:
o a) (A +—B)
o b) (A (B+C(C))
o ¢)(A'B-C)
2. Draw logic circuits for the following expressions using only:
o a) NAND gates: 7(A'B + C)
o b) NOR gates: ~(A + B-C)
3. Write the Boolean expression for each circuit below:
o Circuit with two AND gates feeding an OR gate, then passed
through a NOT gate
o A NOR gate with inputs A and B
4. True or False? Justify:
o a)~A+-B=-(A'B)
o b)7(A+B-C)=—A-—(B-C)



5. Challenge: Simplify the expression
—[(A + B)' + (C:D)'] using DeMorgan’s Theorem and Boolean algebra.

Topic 6: Karnaugh Map (K-Map)



1/ A — Target Population :-

This topic is tailored for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who have already covered
logic gates and Boolean algebra. Students now require visual and systematic
tools like K-Maps to minimize complex logic expressions and reduce hardware
requirements in circuit design.

1/ B — Rationale :-

Boolean simplification using algebra becomes increasingly difficult and error-
prone with more variables. The Karnaugh Map (K-Map) offers a powerful
visual method for simplifying logic expressions efficiently. It directly supports:

« Reducing the number of logic gates in a circuit

« Designing optimal digital systems

« Preparing students for programmable logic devices (PLDs) and VHDL
logic modeling

The K-Map method is used by circuit designers to achieve cost-effective,
faster, and more power-efficient circuits.

1/ C —Central Idea :-

The K-Map is a grid-based tool used to simplify Boolean expressions using
visual grouping of 1s (minterms). The topic covers:



[E—

. 2-variable, 3-variable, and 4-variable K-Maps
. Filling the map using minterm indices
. Grouping rules:
o Groups of 1, 2, 4, 8 (must be powers of 2)
o Must be adjacent (horizontally or vertically)
o Wrapping around the edges is allowed
4. Simplified Expression Extraction from grouped cells
“Don’t Care” Conditions for flexible optimization
6. Conversion between truth tables, expressions, and K-Maps

W N

W

1 /D — Performance Objectives :-
After completing this unit, students will be able to:
Knowledge

« Define what a K-Map is and its purpose in digital logic
« Recognize the structure of 2-, 3-, and 4-variable K-Maps

Skills

« Populate K-Maps from truth tables or minterm expressions

« Identify and form optimal groupings of adjacent 1s

« Derive simplified Boolean expressions using SOP (Sum of Products) or
POS (Product of Sums)

Competence
« Apply K-Maps to reduce circuit complexity

« Design circuits with fewer logic gates
« Evaluate and compare results from Boolean algebra and K-Maps

(Karnaugh Map)—s si S ik jla
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Y=(A+B+C+CNE+A+B+A+B+A+B+4+B)
Y=(A+EB)D

Post-Test

1. Draw a 3-variable K-Map and fill it with 1s for the function:
F(A,B,C) = Xm(1,2,3,5)
2. For F =Xm(0,1,2,5,7), group the minterms and write the simplified SOP
expression.
Explain what makes two minterms “adjacent” on a K-Map.
4. How would you represent the following using K-Map?
F=A'B + AB'
5. What is the advantage of using a “don’t care” condition in a K-Map?

[98)

Key Answers



1. K-Map filled:

A\BC00011110

0 0111
1 0100
2. Grouping:

o Group of 2 (0,1): AB'C'+ A'B'C=A'B'
o Group of 2 (2,3): A'BC
o Group of 1 (5): AB'C
o Result: F=A'B'+ A'BC + AB'C
3. Adjacent = cells differing by only one variable; side-by-side or top-
bottom in Gray code order.
4. You fill 1s in cells corresponding to (A=0, B=1) and (A=1, B=0)
— Then group and extract A'B + AB'
5. Don’t care conditions enable larger groupings, leading to simpler
expressions and fewer gates.

Homework

1. Complete the following K-Map exercises:
o a)F=2%xm(0,1,2,5,6,7)
o b)F=2xm(1,3,7) with d = (2,6)
o ¢)F=%m(4,5,6,7,12,13,14,15)
2. Given a truth table, create the K-Map and derive simplified SOP and
POS expressions.
3. Find and highlight redundant terms in the expression:
F=A'B+AB+ A'B'C
4. Draw the circuit diagram of a logic function minimized using K-Map:
F =Xm(1,3,5,7)
5. Compare two methods:
o Simplify F = A-B + A-B' using Boolean Algebra
o Simplify the same using a K-Map
o Explain which method is easier and why.



Topic 7: Digital Comparator



1/ A — Target Population :-

This topic 1s designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra who have already
mastered logic gates, Boolean algebra, and Karnaugh map simplification. These
students are now prepared to understand comparison logic, which is essential
for decision-making in digital circuits and control systems.

1/ B — Rationale :-

A comparator is a digital circuit used to compare two binary values and
determine whether one is greater than, less than, or equal to the other.
Comparators are essential in:

o Arithmetic logic units (ALUs)

Digital control systems

Sorting algorithms

Digital counters and memory addressing
Microprocessors and programmable controllers (PLCs)

Understanding how comparators work enables students to design systems that
can make decisions based on logic conditions, a foundational element in
computer engineering and embedded systems.

1/ C —Central Idea :-



This unit focuses on the concept, design, and implementation of digital
comparators, especially 1-bit and 2-bit versions. It introduces:

[E—

. Definition and Function: What comparators do in digital systems
2. 1-Bit Comparator Logic:
o A>B
o A<B
o A=B
3. 2-Bit Comparator Extension: Handling higher-order bits
4. Truth Tables and Boolean Equations for comparison
5. Implementation using Basic Gates
6. Real-world applications and digital ICs (e.g., 7485 comparator chip)

1 /D — Performance Objectives :-
After completing this unit, students will be able to:
Knowledge

« Define the function of a digital comparator
« Describe the logic conditions for A>B, A=B,and A <B

Skills

« Design 1-bit and 2-bit comparators using logic gates
« Write Boolean expressions for comparison outcomes
« Create truth tables for comparator circuits

Competence

« Apply comparators in real digital applications
o Analyze multi-bit comparison logic
« Integrate comparators into larger digital control circuits

(Digital Comparator) <31 ¢ ial)
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Post-Test

1. Write the Boolean expression for:

A > B when A and B are 1-bit inputs.

Complete the truth table for a 1-bit comparator.

What logic condition must be true for A = B?

If A =11 (binary) and B = 10, which condition is true?

Design a logic circuit using AND, OR, and NOT gates for the case:
A =B in a 1-bit comparator.

Nk

Key Answers

1. A>B=AB'
2. Truth table:

ABA>BA=BA<B
000 1 0

010
101
110

— O O

1
0
0

3. A=B=A"B'+A'B

4. A>B —since 11 > 10

5. A=B=A"B'+ A:B — implement using NOT and AND gates into OR
gate

Homework Assignments

1. Draw the logic diagram of a 1-bit comparator for A > B, A =B, A <B.
2. Write Boolean expressions for a 2-bit comparator.
Let A=A1A0 and B=B1B0
3. Create a truth table for all possible input combinations of a 2-bit
comparator.
4. Design a comparator circuit that gives an output = 1 when A <B.
5. Application scenario:
In a digital temperature control system, explain how a comparator would
be used to compare the input from a sensor with a threshold.



Topic 8: Two-Level Comparator



1/ A — Target Population :-

This topic is designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who have already studied
1-bit and 2-bit digital comparators. These students are now ready to understand
how comparators can be scaled and interconnected to handle multi-bit binary
comparisons in real digital systems.

1/ B — Rationale :-

Simple comparators compare 1 or 2 bits, but most real-world applications—Ilike
microprocessors, digital controllers, or memory address decoding—require
comparing multi-bit binary numbers. A two-level comparator is a



hierarchical circuit that compares two or more multi-bit binary values by
cascading smaller comparators.

Understanding this structure helps students:

« Build scalable digital systems
« Handle logic design for data sorting, priority encoding, and digital control
o Learn real-world logic integration using modular thinking

It also prepares students for advanced topics like priority encoders, arithmetic
units, and control logic in CPUs.

1/ C —Central Idea :-

The focus of this unit is understanding and building multi-bit comparators
using multiple comparison levels. Key ideas include:

1. Cascading Comparators
o Connecting 1-bit or 2-bit comparator blocks to compare 3, 4, or
more bits
o Logic flow: compare from most significant bit (MSB) down
o Use of control signals: A=B,A>B,A<B
2. Two-Level Structure
o First level: compare lower bits (e.g., AOAT vs BOB1)
o Second level: compare higher bits (e.g., A2A3 vs B2B3)
o Result determined based on MSB comparator unless equal, then
check LSB
3. Example: 4-bit Comparator Using Two 2-bit Stages
o Use two 2-bit comparators: one for A3A2 vs B3B2, another for
ATAO0 vs B1BO
o Use output of higher-order stage to enable or block result from
lower stage
4. Enable and Cascade Logic
o How equality cascades work (EQ must be 1 from upper to allow
LSB compare)
o Chip example: 7485 comparator (4-bit)

1 /D — Performance Objectives :-

By the end of this unit, students will be able to:



Knowledge

« Describe the concept and logic flow of multi-level comparison
« Understand when to use hierarchical comparator design

Skills

« Design a 4-bit comparator using 1-bit or 2-bit comparators
o Implement cascading logic for multi-stage comparisons
« Write Boolean expressions for comparator hierarchy

Competence

o Build practical multi-bit comparison circuits
« Integrate comparators into larger digital decision systems
« Optimize comparison logic in programmable hardware environments

[J Comparison Hierarchy

o Start from MSB: if A3 >B3 —- A>B
o If A3 =B3, compare A2 and B2, then A1/B1, then A0/B0

[J Two-Level Comparator Block Design

« First comparator compares high bits
« Second comparator is enabled only when high bits are equal

[1 Cascade Connection

« EQ output of stage 1 feeds enable of stage 2

o Output logic:
o A>B=(A3>B3)+(A3=B3)(A2>B2)+...
o A=B=EQH) EQ(L)

[J Example Truth Logic
o For A3A2A1A0=1011 and B3B2B1B0 = 1001

. A3=B3(1),A2=0<B2=0—>A=B
. ButAl=1>Bl1=0—>A>B
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Post-Test

1. What is the role of the higher-order comparator in a multi-level
comparison?

2. In a 4-bit comparison (A3A2A1A0 vs B3B2B1B0), which bit is checked
first and why?



3. How does equality at one level affect the next level in a two-level
comparator?
4. Design a 4-bit comparator using two 2-bit comparator blocks.
. Write a Boolean logic expression to describe:
o A >Bin acascaded 2-level comparator
o A=B

()]

Key Answers

1. It makes the first comparison decision—if bits differ here, lower bits are
ignored.
2. The most significant bit (MSB) is checked first because it has the
highest weight.
3. The next level is only enabled if the higher level reports equality (A =
B).
4. Use two 2-bit comparators:
o First block compares A3A2 to B3B2
o Second block compares A1A0 to B1B0
o EQ from block 1 enables block 2
5. Boolean logic:
o A>B=(A3>B3)+(A3=B3)(A2>B2)+...
o A=B=(A3=B3)(A2=B2)(A1=B1)(A0=B0)

Homework Assignments

1. Draw a block diagram for a 4-bit comparator using two 2-bit
comparators.

2. Explain in writing how comparator outputs can be used in a traffic
control system.

3. Using logic gates, build a truth table for a 3-bit comparator (A2A1AQ vs
B2B1B0).

4. Design and simulate a 4-bit comparator using Logisim or Tinkercad
Circuits.

5. Challenge: Implement a 4-bit comparator with only 1-bit comparator
units and minimal logic gates.



Topic 9: Encoders



1/ A — Target Population :-

This topic is designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra. At this stage, students are
ready to explore how digital circuits translate real-world inputs into binary
signals, which is essential for working with sensors, input devices, and digital
control systems.

1/ B — Rationale :-

In digital systems, encoders and decoders (codebreakers) are used to convert
data between different formats—for example, translating a keypress or sensor
signal into a binary number. Encoders simplify inputs, while decoders expand
binary outputs into human-readable or actuator-driven signals.

These components are used in:

« Keypads and keyboard systems

o Microcontroller input/output handling

« Data compression and signal transmission
« Error detection and correction systems

« Communication buses and address lines



Understanding how these circuits work prepares students for real-life digital
systems design, such as input encoding in control panels and address
decoding in memory systems.

1/ C —Central Idea :-

This unit introduces the design, function, and logic implementation of digital
encoders and codebreakers (decoders). It includes:

1. Encoder Circuits
o Convert 2" input lines into an n-bit binary output
o Example: 8-to-3 encoder (8 inputs — 3-bit output)
o Priority encoders: handle multiple simultaneous inputs with
hierarchy
2. Decoder (Codebreaker) Circuits
o Convert n-bit binary input to 2" output lines
o Example: 3-to-8 decoder (3-bit input — 8 outputs)
o Used for display driving, memory addressing
3. Truth Tables and Boolean Logic
o Construct encoder/decoder truth tables
o Derive logic expressions for outputs
4. Practical Applications
o Keypad scanning
o BCD to 7-segment encoding
o Binary-to-address line decoding

1 /D — Performance Objectives :-
By the end of this unit, students will be able to:
Knowledge

« Define encoders and decoders and their roles in digital systems
 Distinguish between standard and priority encoders

Skills

o Draw and explain encoder/decoder truth tables
« Derive Boolean expressions for encoding logic
« Design small encoder/decoder circuits using logic gates



Competence

Apply encoding/decoding logic in real-world digital systems
Integrate encoders and decoders into digital input/output subsystems
Simulate and debug encoder/decoder behavior using software tools
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Post-Test

What is the function of a priority encoder?

Design a 4-to-2 encoder and write its truth table.

How many outputs would a 3-to-8 decoder have?

Given inputs A=1, B=0, C =1 to a 3-to-8 decoder, which output Y is
activated?

5. Write the logic expression for A0 in a 4-to-2 encoder.

eSS

Key Answers



l.

2.

A priority encoder outputs the binary code of the highest-priority active
input, ignoring others.
Truth Table (4-to-2 Encoder):

D3 D2 D1 D0 A1 A0

0 0

— O O
oS = O

3.
4.
5.

01 0 O
1 00

0 01 O
0 01 1

A 3-to-8 decoder has 8 outputs.
Input A=1, B=0, C=1 — binary 101 = YS5 is activated.
A0=DI1+D3

Homework Assignments

l.

(98}

Design truth tables for:
o a) A 3-to-8 decoder
o b) A 2-to-4 encoder
Write Boolean expressions for outputs of a 4-to-2 encoder.

. Draw the circuit diagram of a 2-to-4 decoder using AND, OR, and

NOT gates.
Real-world application: Explain how a priority encoder could be used in
a fire alarm control system with multiple sensors.

. Challenge:

o Design a logic system that takes a 4-key input and outputs a 2-bit
binary code using priority encoder logic.
o Add an "Invalid" signal output when no key is pressed.



Topic 10: Digital Decoder



1/ A — Target Population :-

This topic 1s designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra. These students are
already familiar with binary number systems, encoders, and basic digital
circuits, and are now prepared to understand how binary data is decoded and
distributed using logic circuitry.

1/ B — Rationale :-

A decoder is an essential component in digital electronics used to convert
binary codes into uniquely activated outputs. Decoders are widely used in:

+ Memory addressing and data selection

« Display driving (e.g., BCD to 7-segment)

o Multiplexing and demultiplexing

« Instruction decoding in CPUs and microcontrollers

Learning how to implement and use decoders helps students design systems
where binary input must control multiple output lines, making them vital for
digital design and automation.

1/ C —Central Idea :-

This unit introduces the digital decoder, which performs the reverse function of
an encoder by translating n-bit binary input into 2" unique outputs. Key
points covered include:



1. Definition and Functionality
o A digital decoder takes binary input and activates only one output
line corresponding to the input code.
2. Types of Decoders
o 2-to-4 decoder: 2-bit input, 4 outputs
o 3-to-8 decoder: 3-bit input, 8 outputs
o 4-to-16 decoder: 4-bit input, 16 outputs
o With or without enable input
3. Logic Implementation
o Outputs expressed as AND combinations of input variables
o Use of inverters (NOT gates) to handle logic ‘0’
4. Truth Tables and Logic Expressions
o Example for 2-to-4 decoder:

- YO=A"B'
- YI=A"B
- Y2=A'B
- Y3=AB

5. IC Examples
o 74138 (3-to-8 decoder with enable)
o 7442 (BCD to decimal decoder)
o 7447 (BCD to 7-segment decoder/driver)

1/D — Performance Objectives :-
After completing this topic, students will be able to:
Knowledge

« Define a digital decoder and describe its function
« Recognize standard decoder types and truth tables

Skills

« Construct logic circuits for 2-to-4 and 3-to-8 decoders
« Write Boolean equations for decoder outputs
« Simulate decoder behavior using digital tools

Competence

« Apply decoders to memory systems, display circuits, and input-output
control
« Select appropriate decoder ICs for given logic tasks



+ Integrate decoders with microcontroller I/O ports
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Post-Test

What is the purpose of a digital decoder in a digital system?
Complete the truth table for a 3-to-8 decoder.

Write the Boolean expressions for the outputs of a 2-to-4 decoder.
What happens when the enable input of a decoder is low (0)?
How many outputs would a 4-to-16 decoder have?

SN =

Key Answers

1. A decoder activates a single output line based on binary input, useful in
addressing or selecting functions.
2. Truth table for 3-to-8 decoder (input A2A1A0):

A2 A1 A0 YO-Y7 Active

0 0 0 YO
0 Y1
0 1 0 Y2
0 1 1 Y3
1 0 0 Y4



A2 A1 A0 YO0-Y7 Active

1 0
1 1
1 1

1 Y5
0 Y6
1 Y7

3. From earlier:

o YO=AI"A(
o Y1=AI"AO0
o Y2=AI-A0
o Y3=AI'A0

4. Decoder becomes active (outputs work as intended) when Enable = 0,

depending on design

5. A 4-to-16 decoder has 16 outputs

Homework Assignments

1.
2. Derive the logic equations for all outputs of a 3-to-8 decoder.
3.

Design a 3-to-8 decoder using logic gates and draw the full diagram.

Explain how a 4-to-16 decoder could be used to select one of 16 memory
blocks.

Simulation Exercise: Build a 2-to-4 decoder in Logisim and verify
outputs.

. Advanced: Add an enable pin to a 3-to-8 decoder design and describe its

behavior in active and inactive states.



Topic 11: Adders and Subtractors

1/ A — Target Population :-

This topic is intended for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra. These students have a
foundation in binary number systems, logic gates, and flip-flops, and are now
ready to learn how digital circuits perform arithmetic operations, particularly
binary addition and subtraction.



1/ B — Rationale :-

Addition and subtraction are core functions in digital electronics. They are
essential for:

o Arithmetic Logic Units (ALUs)

o Microprocessor design

 Signal processing

o Memory address manipulation

« Digital counters and accumulators

Understanding how adders and subtractors work prepares students to design
and troubleshoot complex arithmetic circuits, which are the foundation of
computing.

1/ C —Central Idea :-

This topic introduces the design, logic, and implementation of digital circuits
that perform binary addition and subtraction, including:

1. Half-Adder and Full-Adder
o Half-Adder: Adds 2 bits (A + B)
o Full-Adder: Adds A + B + Carry-in (C-in)
2. Binary Subtraction using 2’s Complement
o Subtraction as A + (—B)
o Invert B and add 1, then perform addition
3. Combinational Circuit Design
o Truth tables and Boolean expressions for sum and carry
o Logic diagrams using AND, OR, XOR gates
. Integrated Circuits (ICs)
o IC 7483: 4-bit full adder
o Circuit expansion: Multi-bit adder/subtractor designs
5. Practical Applications
o Used in calculators, processors, embedded systems
o Fundamental for signed/unsigned arithmetic

N

1 /D — Performance Objectives :-



By the end of this unit, students will be able to:
Knowledge

o Define half-adder and full-adder circuits
« Explain how subtraction can be implemented using addition logic

Skills

« Design 1-bit and 4-bit adder/subtractor circuits
« Derive Boolean expressions for sum and carry
« Implement subtraction using 2’s complement

Competence
o Build and simulate multi-bit adders/subtractors

o Apply arithmetic logic in digital systems
« Evaluate and troubleshoot logic-level arithmetic errors
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Post-Test

1. Write the truth table for a half-adder.

2. Derive the Boolean expressions for the sum and carry of a full-adder.

3. How do you perform subtraction using 2’s complement?

4. What is the result of adding A = 1010 and B = 0110 using binary
addition?

5. Implement a 4-bit adder using full-adders. How many full-adders are
needed?

Key Answers

1. Half-Adder Truth Table (see above).
2. Full-Adder:
o Sum=A @ B D Cin
o Carry=A-B+ Cin'(A @ B)
3. Subtraction via 2’s complement:
o Invert B
o Addl1
o Addresultto A
4. 1010+ 0110 =10000 (in 5-bit output, result = 0000 with carry = 1)
5. A 4-bit adder uses 4 full-adders in cascade (each handles one bit)

Homework Assignments

1. Design a full-adder circuit using logic gates and draw the complete
diagram.
2. Implement binary subtraction using 2’s complement for:
o a)l010-0011
o b)0I111-0100
3. Draw a block diagram for a 4-bit adder-subtractor circuit using full-
adders and XOR gates.



. Challenge: Simulate an 8-bit adder-subtractor circuit in Logisim and test
with signed numbers.

. Explain how overflow is detected in binary addition using the carry out
and sign bit

Topic 12: Flip-Flop Circuits



1/ A — Target Population :-

This topic 1s designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who have already studied
combinational logic circuits. These students are now ready to explore
sequential logic, beginning with the fundamental unit: the flip-flop.

1/ B — Rationale :-

While combinational circuits produce outputs based only on current inputs, flip-
flops introduce memory into digital systems. Flip-flops are essential for:

« Data storage (1-bit memory)

o Clocked operations in CPUs and microcontrollers
o Counters, registers, and shift registers

« Timing and synchronization in digital systems

Understanding flip-flops enables students to build systems that remember,
store, and toggle data, paving the way to sequential logic analysis and design.

1/ C —Central Idea :-

Flip-flops are bistable devices that store a single bit of binary data. This topic
introduces:

1. Types of Flip-Flops
o SR (Set-Reset)



o JK (Jack-Kilby)
o D (Data or Delay)
o T (Toggle)
2. Inputs, Outputs, and Truth Tables
o Inputs: clock signal, data/control bits
o Outputs: Q and Q
3. Clocked Behavior
o Edge-triggered flip-flops (rising/falling edge)
o Master-slave configuration
4. Applications
o Latching data
o Edge detection
o Frequency division
o Counter and timer designs

1 /D — Performance Objectives :-
By the end of this topic, students will be able to:
Knowledge

« Identify types of flip-flops and their functions
o Understand truth tables and timing diagrams

Skills
« Design circuits using SR, D, JK, and T flip-flops
« Analyze timing diagrams and predict flip-flop behavior
« Build sequential logic using flip-flops

Competence

« Apply flip-flops in counter/register design
o+ Integrate memory behavior in digital systems
« Simulate and test sequential circuits using flip-flops
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Post-Test

N W=

What is the function of a flip-flop in digital circuits?

Write the truth table for a D flip-flop.

Which flip-flop is best used in binary counters?

What happens to Q in an SR flip-flop if S=R=1?

Describe the difference between a D flip-flop and a T flip-flop.



Key Answers

1. A flip-flop stores 1 bit and can remember a logic state based on control
input and clock.
2. D Flip-Flop Truth Table:

Clock D Q(next)
1 00
1 11

3. T flip-flop is ideal for binary counters.

4. S=R=1 is an invalid state in an SR flip-flop.

5. D flip-flop copies input to output on clock edge; T flip-flop toggles
output when T=1.

Homework Assignments

Draw logic symbols and truth tables for all four basic flip-flops.
Simulate a T flip-flop using a JK flip-flop by wiring J=K=1.

Design a 2-bit counter using T flip-flops.

Explain why D flip-flops are widely used in registers.

Timing Diagram Exercise: Predict Q output for a D flip-flop over 5
clock cycles for a given D input stream.

SN W=



Topic 13: Counters



1/ A — Target Population :-

This lesson is designed for first-year students in the Department of
Electronic Techniques at the Technological Institute of Basra, who have
already covered flip-flops and basic sequential circuits. They are now ready to
understand how counters are built using flip-flops and how they function in
timing and control applications.

1/ B — Rationale :-

Counters are sequential logic circuits that count pulses or events. They are
widely used in:

o Timers and digital clocks

o Event counters in processors
o Frequency division

o Step-by-step control systems
« Memory address sequencing

Understanding counters is fundamental to designing systems with state
progression, data indexing, or synchronized timing.

1/ C — Central Idea :-
This unit introduces binary and BCD counters built from flip-flops. It covers:

1. Definition and Classification
o Synchronous vs. Asynchronous counters



o Up-counters, down-counters, and up/down counters
o Binary vs. decimal (BCD) counters
2. Asynchronous (Ripple) Counters
o Output of one flip-flop feeds the next clock input
o Simple but suffers from propagation delay
3. Synchronous Counters
o All flip-flops clocked together
o Faster, less glitch-prone
4. Modulo Counters
o Count from 0 to N—1 (mod-N)
o Example: Mod-10 BCD counter
5. Logic Design
o Truth tables and state diagrams
o T and JK flip-flop based designs
o Reset and enable control lines
6. Common ICs
o 7490: Decade counter
o 74193: 4-bit up/down counter
o 4017: Johnson counter (10-output)

1 /D — Performance Objectives :-
By the end of this topic, students will be able to:
Knowledge

« Define the function and types of digital counters
« Identify differences between synchronous and asynchronous designs

Skills

o Design a 3-bit and 4-bit binary counter
o Create timing diagrams and state sequences
o Implement BCD counters and understand carry-out behavior

Competence

« Apply counters in control, timing, and memory applications
« Simulate counters using logic software
« Modify counters for custom modulus counting (e.g., Mod-6, Mod-12)
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Post-Test

1. What is the difference between synchronous and asynchronous counters?
2. Draw the state table for a 3-bit binary counter.

3. How many states does a Mod-6 counter have?

4. What happens in a BCD counter after the state 1001?

5. Design a 4-bit synchronous up-counter using T flip-flops.

Key Answers

1. Asynchronous: flip-flops clocked in sequence — slower, delays.
Synchronous: all flip-flops clocked together — faster, cleaner
transitions.
See above table for 3-bit counter (states 0—7).
A Mod-6 counter has 6 states (000 to 101).
It resets to 0000 after 1001 (decimal 9).
T flip-flop design (as per logic for T inputs):
o TO=1

Nk



o T1=Q0
o T2=0Q0-Ql
o T3=0Q0-Q1-Q2

Homework Assignments

1. Draw timing diagrams for a 3-bit asynchronous and synchronous
counter.

Design a Mod-5 counter using JK flip-flops and draw its state diagram.
Simulate a 4-bit binary counter in Logisim and verify output.
Challenge: Add a reset and enable function to your 4-bit counter design.
Explain an application of counters in real-world devices (e.g., elevator,
stopwatch, vending machine).

Nk



Topic 14: Memory Circuits



1/ A — Target Population :-

This topic 1s designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra. Students are expected to
have prior understanding of flip-flops and registers. This lesson introduces how
memory elements are structured and used to store digital information in
systems.

1/ B — Rationale :-

Memory circuits are essential to all digital systems—from microcontrollers to
high-speed computers. They allow temporary or permanent data storage and
retrieval. By studying memory circuits, students can:

Understand how digital devices store bits

Differentiate between volatile and non-volatile memory

Build foundational knowledge for RAM, ROM, and EEPROM systems
Apply memory concepts in register file, buffering, and data transfer

This knowledge is crucial for any field involving digital electronics, embedded
systems, or processor design.

1/ C —Central Idea :-

Memory circuits are built using sequential logic elements like flip-flops,
combined to store multi-bit values. This unit covers:

1. Classification of Memory



2.

(98]

4.

()]

o Volatile (e.g., RAM — Random Access Memory)

o Non-Volatile (e.g., ROM — Read-Only Memory, EEPROM)
Basic Memory Elements

o 1-bit memory cell using flip-flop

o Register (group of flip-flops)

o Memory array (rows/columns of storage cells)
Addressing Mechanism

o Memory organized into addressable locations

o Uses decoders to select memory cells
Read/Write Operations

o Write = Store data into memory location

o Read = Retrieve stored data

o Control signals (Read Enable, Write Enable, Chip Select)
Memory Expansion

o Word size vs. memory depth

o Cascading chips for large memory blocks

1 /D — Performance Objectives :-

By the end of this unit, students will be able to:

Knowledge

Skills

Define key types of memory: RAM, ROM, EEPROM
Understand the structure and function of memory arrays

Design simple 1-bit and 4-bit memory circuits using flip-flops
Create a memory module using decoders and registers
Interpret timing diagrams for memory operations

Competence

Apply memory logic to register files, microcontroller memory, and buffer
systems
Integrate memory with control logic in digital systems
Evaluate memory performance and data integrity
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Post-Test

1. What is the difference between volatile and non-volatile memory?
2. How many flip-flops are needed to build an 8-bit register?



3.
4.
5.

What is the role of a decoder in a memory circuit?
Explain the difference between read and write operations in memory.
Design a 4 X 4 memory array using D flip-flops and address lines.

Key Answers

1.

(98]

Volatile memory loses data when power is off (e.g., RAM); non-volatile
retains data (e.g., ROM).
8 D flip-flops (each stores 1 bit).

. The decoder selects the active memory location based on the address

input.
Read retrieves stored data; Write changes or loads new data into
memory.

. A 4x4 array requires:

o 4 rows X 4 bits = 16 flip-flops
o 2-bit address input

o A 2-to-4 decoder

o Read/Write control logic

Homework Assignments

l.

Draw a block diagram of a 4-bit register with write enable control.

2. Explain the difference between ROM, RAM, and EEPROM in terms of

W

use cases.
Design a 2 x 4 memory module using flip-flops, and show how address
selection works.

Challenge: Simulate a 4-bit RAM with read/write control using Logisim.

. Write a short report on how memory is used in a microcontroller

system.






Topic 15: Analog-to-Digital and Digital-to-Analog Converters (ADC & DAC)

1/ A — Target Population :-

This topic is prepared for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra. The students should have
a basic understanding of binary numbers, digital logic levels, and basic
electronics principles. They are now ready to explore how real-world analog
signals interact with digital systems through conversion circuits.



1/ B — Rationale :-

Most real-world signals (temperature, sound, voltage) are analog, while
computers and microcontrollers operate in digital form. ADCs and DACs are
essential to interface between analog and digital domains, and are widely
used in:

« Sensors and data acquisition systems

+ Embedded systems and microcontrollers
o Audio processing

o Industrial automation

Understanding ADCs and DACs equips students to bridge the analog and digital
worlds in measurement, control, and signal processing.

1/ C —Central Idea :-

This unit introduces the principles, operation, and application of Analog-to-
Digital Converters (ADC) and Digital-to-Analog Converters (DAC),
including:

1. Analog-to-Digital Converter (ADC)
o Converts a continuous analog voltage into a digital binary value
o Key concepts: Resolution, Sampling, Quantization, and
Conversion time
2. Types of ADCs
o Successive Approximation (SAR)
o Flash ADC
o Dual Slope ADC
. Digital-to-Analog Converter (DAC)
o Converts a digital binary input into an analog output voltage or
current
o Types: R-2R Ladder, Weighted Resistor DAC
4. Performance Parameters
o Resolution (e.g., 8-bit, 10-bit, 12-bit)
o Accuracy, Linearity, Conversion Rate
o Reference Voltage
. Applications
o ADC: Temperature sensors, microphones, battery monitors
o DAC: Audio output, analog controls, waveform generators
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1 /D — Performance Objectives :-
By the end of this topic, students will be able to:
Knowledge

o Describe the function of ADCs and DACs
« List types of ADC and DAC architectures

Skills

+ Interpret block diagrams of ADC/DAC systems
o Calculate digital output for given analog input and vice versa
« Select appropriate resolution based on signal needs

Competence

« Apply ADCs and DAC:s in sensor systems and embedded applications
« Evaluate performance specs such as bit resolution and sampling rate
« Simulate analog-digital conversions using software tools

(Digital to Analog Conversion - DAC) ki () (<8 (3o Jagaill

8ila sa(Digital to Analog Converter - DAC) ¢ _»hill J) 8 )0 Jadl
8 _paiune 43 a3 B L) ) (1" 510" (e A sSall) Aad 1l LAY sy o 585 A g A1)
Aadal) Lalai¥) g a ad) B gl (gl i e i 4 5 jeaY) L Lgaladin) (Say
Jaad dalal) i) ey (Aad ) il pa Jalahi 4 g ASIYY 3 31 ()Y age dasaill 138
A bl ol Ll

DACpaiin) o i o
& geall Gl ySa e MP3) Jie( ded & gual) cilila Joaiii [
Al CRT wulils Jie dgpBu) cldldd) e 408 ) sall o [

Anad ) @l LA alasduly Al el cils jaal) & Sl
Al eS el sl ) el il Jy sail el il g el jaeal) b Sl dala



(DAC) s 5 (Y B0 Jsaal) Jas fsa
0l L) ) 4ad 1) al) Jy gad oy (S @
i) Cpa G 338 aladily sl Jaiad Qo a8 ) AUl A
= uliie (Current) SbsgS UL 5l (Voltage) (AbgS 32 U adll oda Jyoni oy o
Al ) daal)
Clad ya pladiuly Lo 2l s ¢ (Staircase Signal)da jdie oS3 4aslll 3 L8y
A 4y i3 LE) e J sasl(Filters)

(DAC) 4Bl 1) dad i oY gaall 1631 .3

r gzl (b dalizo dd b lgin JS)g DAC ,ilgd oo glail Bic Jlin

sl Giljaaall Josll any ybs £qdll

o2 )._us AN ah:u 4o ;JJ.Q.J.I.I-_. || ||.e.u.l l1.\.|.|:J| 1|.|.|.n.|J 1 Lrl.ngl.a.o aSud i) FRC T ey Q'.esl.ﬁa.” F.u.l.hn_

paill e Dlogliall [RVES g Ol giuwad duadyll (Resistor String DAC)

B pusl

b ddle 483 (o] zlize ini e Lddle Belas dpuiy Slogliall o @Spd pisiug R-2R (R-2R Ladder aSui
Tiloglaall Olaglaall o g ool duad I agsll Jya=il 1:2 DAC)

whadle @8> ol gtz | Gubdl Jgw e S go dnliio ShLS g, azyall Uil Jge

Gl pylae wilgill ag=ll ple Jgunzll lgnazag (Weighted Current DAC)
Zlizy Judiill sdwe Sy dalle d8y (PWM) dunyill jaye Juasi piceig Delta-) lazuww-ls Ja=e

a6 Lo) dallso cLiagaall b 3BT 2 5 e Jguand) (Sigma DAC



Cu-3 gl ) b Jgaal dBGal Joaa 4

TV g OV o b 195 ol @sadyll asill Jsmo Cu-DAC 3 L) Jliall i b

(Analog Voltage) $pbaill ag=ll (Decimal Value) a; piusll dauall (bit Binary-3) axeoy| deuall
o.ov 0 000
1.0V 1 001
2.0v 2 010
3.o0v 3 011
4.0v 4 100
5.0V 5 101
6.0V 6 110
7.0v 7 111

AV = Saiutn S g Beball 5955 Cumy daxe 1g> Sslual ey Seius JS gusi ali (Jliall lin b

(Analog to Digital Conversion - ADC)=é ) s kst (e o sl

3413 s (Analog to Digital Converter - ADC) <24 ) bl Jsaall
gl 3l yall da 5o (& seall Jila) B paiucall 4y plalll cul LYY )y sy o 585 43 g 1)
Clalleall g 5 gl Jie a8 5 3 Y 3 Lgtinllae (S d3ady 3 LAY ) (AleS)
A9 g Sl g AR Y

sl a@})ﬁy\jw\ﬁ\wmﬁJMQJ,&JQ\JL&QMM\@\ .
) Al allad) e i) JAT 5 )9 e ADC Ol 13 (1 5 0) Amad ) LAY
) allal

ADCplaiin) o 4 o

Ll ) ol L 3a3 (S dad ) cilily ) @ gaall d}gé\%ﬁj\&uﬁjy‘

b Lo 8 (fSay il ) Ledsni ) oadl s 52 il ) 851 o) &l jrdiins [

Ay Juy iy ) ¢ sl a1 g ) il el [

Boallda o gde jull 568 gl Ol jriiine Clly o aaied ) ol jland) & aSat) dalasi [



(ADC)8 ) (M g ) Jsaal) Jas 122
04ad ) 3 L) ) Ay puladl) adll) o gali Ay (S @
il ) e vie 4y il 3 HLEY) e 450 el A 34T 5 (Sampling): 4l 38 |1
Tl oy (5 siiae i) ) A julai dad UK e 24 (Quantization): axeS3l) 2
(Binary Code). 2l (s 4e8 )1l 4all Jiidd o5y (Encoding): =AY 3

Jasadll 483 iy ¢ (ADC Resolution)d saall & cilisl) axe 31 Lals @

(ADC) 4ad )l ) 4, platl) Y gaall 1631 .3

wganll Sljaasll Jazll diy 3 £l

flailll ;o Ty Nlgial dylle &) iy dy il 5Ll uliiall o a1l ADC

Ls_,_—;viJI piriio 45l etz iz 2yliile wuiyi dime o Successive Approximation)
digd ol dogall le (ADC - SAR

Frei cyplny crwlio Jiz §a83 weio Ty el Byl gz Integrating) lelSil ADC

Ayl Slwlall wle Jganz=ll lgite s g (ADC

dod | dayall

oo BusS Bac zlizg  cuwlio foi g ul OliylEell (po 38 o sy (Flash ADC) ;saJl ADC

alie (Ollaall de pull ddle Sl hill hgb dadyll dogdll sl Jgunzll

dzllns Calkiy wuwlis Ji didle 453 Sliamll @8y 83k wole Laing Delta-Sigma) Lezww-Ls ADC

Jra=ill 1my duad, Slauhilly gl chagunll Jalaig (ADC
duhll



-3 J Jla - (ADC) b ) sl Jgaal ABial) J g .4

ad) ot I TV 9 OV s syahi ag> 8Ll Jy o2 ety <u-ADC 3 i) ol o yiai

(bit Binary-3) duesp)| acsall (Decimal Value) 4 pisll aauall (Analog Voltage) gkl ag=ll
000 0 0.0V
001 1 1.0V
010 2 2.0V
011 3 3.0V
100 4 4.0V
101 5 5.0V
110 6 6.0V
111 7 7.0V

AV = Sgiuse JS o Bebasll goSi ums wpama Wilid jo) wl 262 Selue JS Gusi Al Jlall lin b ¢

Post-Test

1. What is the role of an ADC in a digital system?

2. Calculate the digital output of an 8-bit ADC with Vref =5V when the

analog input is 3V.

What are two common types of ADC architecture?

4. What is the analog output of a 4-bit DAC with Vref =4V and digital
input = 1100?

5. What is the resolution (in volts per step) of a 10-bit ADC with Vref =
3.3V?
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Key Answers

1. An ADC converts analog voltage signals into digital binary numbers that
digital circuits can process.

2. Output=(3/5) x 255 =153 (binary: 10011001)

Successive Approximation and Flash ADC

4. Decimal input =12 — (12/16) x 4V = 3.0V
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5.

Resolution = 3.3V / 1024 = ~0.00322 V/step

Homework Assignments

l.

2.

Draw the block diagram of a Successive Approximation ADC and
explain each block.

Calculate the digital output of a 10-bit ADC with Vref = 2.5V and input
voltage = 1V.

. For a 4-bit DAC, plot the analog output for all digital input values from

0000 to 1111.

. Compare Flash ADC and SAR ADC in terms of speed, cost, and

complexity.

. Simulate an analog-to-digital system using any logic simulation software

(e.g., Tinkercad or Proteus).

Topic 16: Voltage-to-Frequency Converter (VFC)



1/ A — Target Population :-

This topic 1s designed for first-year students in the Department of Electronic
Techniques at the Technological Institute of Basra, who have studied analog
signals, op-amps, and basic digital interfacing. They are now ready to
understand signal conditioning circuits, especially converting analog voltages
into frequency-based outputs.

1/ B — Rationale :-

A Voltage-to-Frequency Converter (VFC) converts a continuous analog
voltage into a frequency signal that can be counted or measured digitally.
VFCs are essential in:

Digital voltmeters and frequency counters

Analog sensor interfacing (e.g., temperature, pressure)
Long-distance signal transmission using frequency instead of voltage
Embedded systems with limited ADC capabilities

VFCs are often used when digital systems need to sense or process analog
values via time-based measurements.

1/ C —Central Idea :-



This unit introduces how a Voltage-to-Frequency Converter operates, its
components, and applications. The core concepts include:

1. Principle of Operation
o VFCs output a frequency that is proportional to input voltage:
f outxV in
o The higher the voltage, the faster the pulse generation
2. Circuit Components
o Integrator: Converts input voltage to a ramp signal
o Comparator: Monitors ramp against threshold
o Schmitt Trigger or flip-flop: Creates square wave output
o Reset/Discharge mechanism: To repeat the cycle
3. Types of VFCs
o Op-amp based VFC
o IC-based (e.g., LM331, AD654)
4. Applications
o Sensor signal conditioning
o Long-distance analog signal transmission via frequency
o Measurement systems using microcontrollers or counters

1 /D — Performance Objectives :-
By the end of this topic, students will be able to:
Knowledge

o Understand the function and purpose of VFCs
« Recognize the core components of a VFC circuit

Skills

o Design a basic VFC using op-amps and comparators
« Calculate output frequency for given input voltage
« Interpret frequency outputs using timing diagrams

Competence

« Apply VFCs in sensor-to-microcontroller interfacing
o Simulate VFC performance under different voltages
« Select appropriate ICs for VFC design
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A Voltage-to-Frequency Converter (VFC) is designed using a 555 Timer in astable mode. The circuit

operates with the following component values:

« R1=2k0
« R2=28kQ
« O =15nF

The cutput frequency is given by the equation:

1.44

Fopt= ———— xV,
M (R1+2R2)xC ™"

(a) Calculate the output frequency (F,,,;) when the input voltage is 1}, = bV
(b) Find the maximum output frequency when V;,, = 10V,
(c) What is the minimum frequency when Vi, = 0V'7?



+ Solution: Voltage-to-Frequency Calculation
We are given the formula:

1.44
Fou = x V,
T (R1+2R2) xC ™

With the given values:

« R1=2k0
« R2 =8k
« C =15nF

Mow, let’s calculate the output frequency for different input voltages:

(a) Calculate F,,; when V5, = 5V

1.44
For = » D
(Qﬂﬂﬂ + 2[800[]” » (15 * lﬂ_g)

Fou: = 26.6TkHz
(b) Calculate F,,; when V};,, = 10V (Maximum Frequency):

F,.;: = 53.33kH=
(c) Calculate F,,; when V;,, = 0V (Minimum Frequency):

Four = 0Hz



+ New Question: Voltage-to-Frequency Conversion

A Voltage-to-Frequency Converter (VFC) is designed using a 555 Timer in astable mode. The circuit

parameters are given as:

o R1=1.5k02
s R2=06.8kE0
o (' =22nF

The output frequency is determined by the equation:
1.44

Fot=—— % Vi
T (R1+2R2)xC "

(a) Calculate the output frequency F,,: when the input voltage is Vi, = 3V.
(b) Find the maximum output frequency when V;,, = 12V

(c) What is the minimum frequency when 1}, = 0V?

Post-Test

What is the main function of a VFC?

In a VFC, how does the output frequency relate to the input voltage?
What role does the integrator play in a VFC?

If a VFC outputs 5 kHz for 2.5V input, what frequency would it output at
1.25V?

5. List one advantage and one application of using a VFC over a direct
ADC.

=

Key Answers

1. It converts an analog input voltage into a digital frequency output signal.
. It is directly proportional: as V_in increases, f out increases.
The integrator converts the DC voltage into a linearly increasing ramp
signal.
4. Assuming linearity:
1.25V — 2.5 kHz (half the voltage — half the frequency)

5.

o Advantage: More immune to analog noise and line resistance

o Application: Remote sensor reading over long cables (e.g.,

pressure sensor to digital counter)
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Homework Assignments

1. Draw the block diagram of a VFC circuit using op-amp integrator and
comparator.

2. Simulate a basic VFC using any circuit simulator and verify frequency
output for 1V, 2V, 3V inputs.

3. Research and summarize the specifications of LM331 or AD654 VFC
ICs.

4. Design Challenge: Create a circuit where 0—5V input produces 0—-1000
Hz output using a VFC and verify the formula.

5. Explain why VFCs are useful in industrial automation where interference
1S common.



