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COURSE PLAN (2021-2022 ODD SEMESTER)
	Name of the Faculty
	

	Designation/Department
	Assistant Professor / ECE

	Course Code/Name
	U20EC303 / DIGITAL INTEGRATED CIRCUITS

	Year/Semester/Department
	II / III / ECE

	Credits Details
	L: 3
	T: 0
	P: 0
	C: 3

	Total Contact Hours Required
	45


Pre-requisite: Knowledge of Logic gates and logic families.
Syllabus:
	UNIT I BOOLEAN SIMPLIFICATION & LOGIC FAMILY
	9

	Review of Number Systems and Codes -Boolean Functions: Boolean Laws- Simplification using the Laws- Minterms- Maxterms- Sum of Product and Product of Sum forms – Simplification of Boolean expressions using Karnaugh Map – Quine McClusky Method -NAND, NOR Implementation-Digital Logic
families: RTL- DTL – ECL – TTL – CMOS Logic Families- Characteristics -Comparison of IC Families.

	UNIT II COMBINATIONAL CIRCUITS
	9

	Combinational Circuits: Half and full adder- Ripple carry adder- Carry look ahead adder-BCD adder- Half and full subtractor- Parallel adder/subtractor- BCD subtractor-Magnitude comparators-Multiplexer-Demultiplexer- Encoder :Decimal to BCD-Octal to Binary- Priority encoder- Decoder :2-4 line,3-8 line,4-16 line-BCD to Decimal-BCD to seven segment-Code converters :Gray to Binary-Binary to Gray- Gray to BCD-Parity generator/checker-Implementation of Boolean functions using Multiplexer
and demultiplexer.

	UNIT III SYNCHRONOUS SEQUENTIAL CIRCUIT
	9

	Flip flops: RS, D, JK and T-Characteristics equation and excitation table-Master Slave Flip flops Realization of one flip flop using other flip flops-Shift registers: SISO, SIPO, PISO, PIPO, Bi-directional Shift register and Universal Shift register using Multiplexer-Counters: Design of Synchronous counters and Asynchronous counters, Ring counter, Johnson counter, Sequence generator using counters and
shift register-Finite State Machine (FSM): Basic Design Procedure-Mealy and Moore Machine.

	UNIT IV ASYNCHRONOUS SEQUENTIAL CIRCUIT
	9

	Stable and Unstable states, output specifications, cycles and races, state reduction, race free
assignments, Hazards, Essential Hazards, Pulse mode sequential circuits, Design of Hazard free circuits.

	UNIT V PLDs & MEMORIES
	9

	Memories: Memory basics – Types of Memories: RAM, ROM, PROM, EPROM and Flash Memory –
Memory expansion-Programmable Devices: SPLD: PAL, PLA, GAL and CPLD-FPGA-Implementation of combinational circuits using PLA and PAL - Design of 4 bit microprocessor.
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 (
To
 
introduce
 
the
 
basics
 
of
 
logic
 
gates,
 
SOP,
 
POS
 
and
 
their
 
simplification
 
techniques.
To design and analyze various combinational and sequential class of simple and complex logic circuits and in-turn to provide a strong foundation to learn courses like Microprocessors, Microcontrollers and VLSI Design.
To
 
understand
 
the
 
concept
 
of
 
memories
 
and
 
programmable
 
logic 
devices
)Objective:

 (
T1.
 
Albert
 
Malvino
 
Leach,
 
Digital
 
principles
 
and
 
Applications,
 
7
th
 
Edition,
 
Tata
 
Mc-Graw
 
Hill,
 
2011. T2.
 
Floyd.T.L, Digital Fundamentals, 10
th
 
Edition, Pearson Education, 2011.
T3.
 
Morris
 
Mano.M,
 
Digital
 
Design,
 
4
th
 
Edition,
 
Pearson
 
Education,
 
2011.
)Text Book:

 (
R1.
 
Charles
 
H.Roth,
 
Jr.,
 
Fundamentals
 
of
 
Logic
 
Design,
 
5th
 
Edition,
 
Thomson,
 2007.
R2.
 
Saha
 
A
 
and
 
Manna
 
N,
 
Digital
 
Principles
 
and
 
Logic
 
Design,
 
Infinity
 
Science
 
Press,
 
2007.
R3.
 
Ronald J.Tocci, Neal S.Widmer, Digital systems principles and applications, 11
th
 
Edition, Prentice
 
Hall of India, 2010.
R4.
 
Salivahanan.S
 
and
 
Arivazhagan.S,
 
Digital
 
Electronics,
 
1
st
 
Edition,
 
Vikas
 
Publishing
 
House
 
Private Limited, 2012.
R5.
 
Soumitra
 
Kumar
 
Mandal,
 
Digital
 
Electronics,
 
McGraw
 
Hill
 
Education
 
Private
 
Limited,
 
2016.
)Reference Book:

 (
W1.
 
nptel.ac.in/courses/117106086/26
W2.
 
https://nptel.ac.in/courses/117/106/117106086/
W3.
  
w
ww.brainkart.com/.../Design-Procedure-of-Asynchronous-Sequential-circuits_6766/
W4.
 
https:
//w
ww
.youtube.com/watch?v=wyFSjAMdIvQ
W5.
 
https://youtube/CLUoWkJUnN0
W6
.
 
nptel.ac.in/video.php?subjectId=117106086
W7.
 
https://www.youtube.com/watch?v=x1NK8WQC3Z0
)Website:

 (
NPTEL:
 
https://freevideolectures.com/course/3164/digital-electronics
Classcentral:
  
https:
//w
ww
.classcentral.com/course/swayam-digital-electronic-circuits-12953
Udemy:
https:
//w
ww
.udemy.com/course/digital-electronics-logic-design/
edx
 
:
 
https://www.edx.org/course/computations-structures-part-1-digital-
circuits
coursera:
 
https://www.coursera.org/learn/digital-systems
)Online Mode of Study (if Any):


Course Plan:
	Topic No.
	
Topic
	Reference Detail
	
Page No.
	Mode of teaching
	Number of Periods
Required
	Cumulativ e Period

	UNIT I
	BOOLEAN SIMPLIFICATION & LOGIC FAMILY
	
	(9)

	1
	Review of Number Systems and Codes
	T2
	1-7
13-33
	PPT
	1
	1

	
2
	Boolean Functions: Boolean Laws- Simplification using the Laws
	
T2
	
41-59
	
PPT
	
1
	
2

	
3
	Minterms- Maxterms- Sum of Product and Product of Sum
forms
	
T2
	
90-101
	
PPT
	
1
	
3

	
4
	Simplification of Boolean expressions using Karnaugh Map
	
T3
	
67-87
	
PPT
	
1
	
4

	
5
	Simplification of Boolean
expressions using Quine McClusky Method
	
R1
	
165-168
	
PPT
	
1
	
5

	6
	NAND, NOR Implementation
	R1
	165-168
	PPT
	1
	6

	7
	Digital Logic families: RTL-DTL
	T3
	131-133
135-148
	PPT
	1
	7

	8
	ECL – TTL – CMOS Logic
Families- Characteristics -
	T3
	149-151
157, 160
	PPT
	1
	8

	9
	Comparison of IC Families.
	T3
	160
	PPT
	1
	9

	Outcome of Unit I
CO1:		Get a basic knowledge on the laws of binary logic and will also have an understanding of the various digital logic families.

	UNIT II
	COMBINATIONAL CIRCUITS
	
	
	(9)

	
10
	Combinational Circuits: Half and full adder- Ripple carry adder- Carry look ahead
adder
	
T2
	
173-177
	
PPT
	
1
	
10

	11
	Half and full subtractor-Parallel adder/subtractor
	T2
	178-183
	PPT
	1
	11

	12
	BCD adder- BCD subtractor, Magnitude comparators
	T2
	185-187
190-192
	PPT
	1
	12

	13
	Multiplexer-Demultiplexer
	T2
	199-218
	PPT
	1
	13

	
14
	Encoder :Decimal to BCD-Octal to Binary- Priority
encoder
	
T2
	220-228
238-239
	
PPT
	
1
	
14

	
15
	Decoder :2-4 line,3-8 line,4-16 line-BCD to Decimal-BCD
to seven segment
	
T2
	
235-238
	
PPT
	
1
	
15

	16
	Code converters :Gray to Binary-Binary to Gray
	T3
	125-127
	PPT
	1
	16




	17
	Gray to BCD, Parity generator/checker
	T3
	125-127
	PPT
	1
	17

	
18
	Implementation of Boolean functions using Multiplexer and demultiplexer.
	
T2
	
199-218
	
PPT
	
1
	
18

	Outcome of Unit II
CO2:  Design various combinational logic circuits.

	UNIT III
	SYNCHRONOUS SEQUENTIAL CIRCUIT
	
	(9)

	19
	Flip flops: RS, D, JK and T
	T2
	273-282
	PPT
	1
	19

	
20
	Characteristics equation and
excitation table-Master Slave Flip flops
	
T2
	
283-286
	
PPT
	
1
	
20

	21
	Realization of one flip flop using other flip flops
	T2
	283-286
	PPT
	1
	21

	

22
	Shift registers: SISO, SIPO, PISO, PIPO, Bi-directional Shift register and Universal Shift register using
Multiplexer
	

T2
	

359-372
	

PPT
	

1
	

22

	
23
	Counters: Design of Synchronous counters and Asynchronous counters
	
T3
	
210-220
	
PPT
	
1
	
23

	24
	Ring counter, Johnson counter
	T3
	210-220
	PPT
	1
	24

	25
	Sequence generator using
counters and shift register
	T3
	210-220
	PPT
	1
	25

	
26
	Finite State Machine (FSM): Basic Design Procedure-Mealy Machine.
	
W1
	
-
	
PPT
	
1
	
26

	27
	Basic Design Procedure-Moore Machine.
	W1
	-
	PPT
	1
	27

	Outcome of Unit III
CO3:  Analyze, design and implement the synchronous and asynchronous sequential circuits

	UNIT IV
	ASYNCHRONOUS SEQUENTIAL CIRCUIT
	
	(9)

	28
	Stable and Unstable states
	W3
	-
	PPT
	1
	28

	29
	Output specifications
	W3
	-
	PPT
	1
	29

	30
	Cycles and races
	R1
	551-552
	PPT
	1
	30

	31
	State reduction,
	T3
	233-237
	PPT
	1
	31

	32
	Race free assignments
	T3
	464-468
	PPT
	1
	32

	33
	Problems in asynchronous design
	W3
	-
	PPT
	1
	33

	34
	Hazards, Essential Hazards
	T3
	469-479
	PPT
	1
	34

	35
	Pulse mode sequential circuits
	T2
	534-549
	PPT
	1
	35




	36
	Design of Hazard free circuits
	T3
	474-480
	PPT
	1
	36

	Outcome of Unit IV
CO4:  Develop finite state machines.

	UNIT V
	PLDs & MEMORIES
	
	
	(9)

	37
	Memories: Memory basics
	T2
	400-401
	PPT
	1
	37

	
38
	Types of Memories: RAM, ROM, PROM, EPROM and
Flash Memory
	
T2
	
414-421
	
PPT
	
1
	
38

	39
	Memory expansion
	T2
	414-421
	PPT
	1
	39

	40
	Programmable Devices:
	T2
	448-449
	PPT
	1
	40

	41
	SPLD: PAL, PLA,
	T2
	449-461
	PPT
	1
	41

	42
	GAL and CPLD-FPGA
	T2
	462-468
	PPT
	1
	42

	
43
	Implementation of combinational circuits using PLA
	
T3
	
351-352
	
PPT
	
1
	
43

	
44
	Implementation of
combinational circuits using PAL
	
T3
	
353-354
	
PPT
	
1
	
44

	45
	Design of 4 bit microprocessor
	W7
	-
	PPT
	1
	45

	Outcome of Unit V
CO5:  Program programmable logic devices and design a processor.



 (
At
 
the
 
end
 
of
 
course,
 
Students
 
should
 
be
 
able
 
to
 
do:
CO1.
 
Get a basic knowledge on the laws of binary logic and will also have an understanding of the various digital logic families.
CO2.
 
Design
 
various
 
combinatio
nal
 
logic
 circuits.
CO3.
 
Analyze,
 
design
 
and
 
implement
 
the
 
synchronous
 
and
 
asynchronous
 
sequential
 
circuits CO4.
 
Develop finite state machines.
CO5.
 
Program
 
programmable
 
logic
 
devices
 
and
 
design
 
a
 processor.
)Course Outcome:

Course Outcome Vs Program Outcome Mapping:
	COs
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	1
	1
	2
	-
	1
	1
	-
	1
	1
	1

	CO2
	3
	2
	1
	1
	-
	1
	-
	-
	-
	-
	1
	1

	CO3
	3
	2
	1
	3
	1
	1
	-
	-
	-
	-
	-
	1

	CO4
	2
	2
	1
	-
	-
	-
	1
	1
	-
	1
	1
	1

	CO5
	3
	2
	-
	2
	-
	1
	-
	-
	-
	-
	1
	-

	Avg.
	3
	2
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1




 (
Error
 
correction
 
and
 
detection
 
codes
)Content beyond Syllabus:

Assignment:
Assignment – 1:
	Batch
Details
	Roll
Number
	Total
Number
	Mode of Assignment
MCQ/Seminar/PPT
	Topics

	






Batch 1
	






1 - 34
	






34
	






SEMINAR
	· Using Karnaugh Map Simplify the following expressions and implement using basic gates.
(i) F=Σm(1,3,5,8,9,11,15)+d(2,13)
(ii) F=Σm(1,3,5,7,11,15) + d(0,2,5)
(iii) F= Σm(0,2,3,5,7,9,11,13,14)
(iv) F= Σm(1,2,3,4,7,9,10,12)
· Simplify using Quine McCluskey method and verify your result using K-map F= Σm(0,1,2,5,7,8,9,10,13,15)
· Construct 4-bit Parallel Adder/Subtractor using full adders and XOR gates.
· Draw the block schematic of 4 bit
Magnitude Comparator and explain its operations.

	
Batch 2
	
35 - 69
	
35
	
PPT
	· Draw the logic diagram of a BCD adder and explain its operation.
· Draw and explain RTL.
· Explain TTL logic family.


Assignment – 2:
	Batch Details
	Register Number
	Total Number
	Mode of Assignment MCQ/Seminar/PPT
	Topics

	




Batch 1
	




1 - 34
	




34
	




PPT
	· Draw the block diagram of SR – FF and explain
· Draw the block diagram of D flip flop and explain
· Write the procedure for designing a synchronous sequential circuit.
· Create the design of BCD to Excess 3 using PLA
· Classify the types of PLDs and write notes on PLDs
· Analyze a combinational circuit using ROM. The circuit accepts a three bit number and
outputs a binary number equal to the square of the input number.




	Batch Details
	Register Number
	Total Number
	Mode of Assignment MCQ/Seminar/PPT
	Topics

	






Batch 2
	






35 - 69
	






35
	






SEMINAR
	· Design a 3 – bit synchronous counter using D flip – flops.
· Explain the operation of universal shift register
· Design a 3 bit Johnson counter and explain its operation.
· Manipulate the function using PLA F1=∑ (2, 4, 5, 10, 12, 13, 14) and F2 = ∑ (2, 9, 10, 11, 13, 14, 15).
· Construct a combinational circuit is defined as the function F1 = AB’C’+AB’C+ABC and F2
= A’BC+AB’C+ABC. Implement the digital circuit with a PLA having 3 inputs, 3 Product terms and 2 outputs.
· Implement the following Boolean function
using 3×4×2 PLA, F1(x, y, z) = ∑ (0, 1, 3, 5)
and F2(x, y, z) = ∑ (3, 5, 7)



Assignment – 3:
	
Batch Details
	
Register Number
	
Total Number
	
Mode of Assignment MCQ/Seminar/PPT
	
Topics

	All students
	
1 – 69
	
69
	
MCQ
	10 Multiple Choice Questions (MCQ) from each unit. Totally 50 questions


SIM Questions:
	SIM 1
	
Annexure Attached

	SIM 2
	

	SIM 3
	





Submission Details:
	Phase 1 (Before AT 1)
	Phase 2 (Before AT 2)
	Phase 3 (Before AT 3)

	Assignment 1
	SIM 1
	Assignment 2
	SIM 2
	Assignment 3
	SIM 3

	15.08.2021
	22.08.2021
	14.09.2021
	22.09.2021
	12.10.2021
	22.10.2021



Google Class Code Details:
Title: U20EC303 – DIGITAL INTEGRATED CIRCUITS
Code: 6dbmge6
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 (
SIM
 
- I 
QUESTION
)ANNEXURE
1. Use K-Map method to simplify the following F(A,B,C,D)= ∑m(2,4,6,10,12)+d(0,8,9,13). Implement the Boolean function F using not more than two NOR gate. (Apr/May-19)
2. (i) Illustrate the MSOP representation for F(A,B,C,D,E) = ∑m(1,4,6,10,20,22,24,26)+ ∑d(0,11,16,27) using K-map method. Draw the circuit of the minimal expression using only NAND gates. (7) (Nov/Dec-18)
(ii)Write about Excess 3 and Gray Code with an example. (6)
3. (i) Given Y(A,B,C,D)= M (0,1,3,5,6,7,10,14,15) , Draw the K-Map and Obtain the simplified expression. Design the minimum expression using basic gates. (8) (Nov/Dec-19)
(ii) Construct the expression Y (A, B, C) = M (0, 2, 4, 5, 6) using only NOR-NOR logic. (5) (Nov/Dec-19)
4. (i) Draw the multilevel two input NAND circuit for the following expression: F = (AB + CD)E + BC(A + B) (3)
(ii) How would you express the Boolean function using K-map and draw the logic diagram F (w,x,y,z)= ∑m (0,1,2,4,5,6,8,9,12,13,14). (10) (Apr/May-17)
5. Using Karnaugh Map Simplify the following expressions and implement using basic gates. F=∑(1,3,4,6), F=∑(1,3,5,7,11,15)+ ∑d(0,2,5) (Apr/May-19)
6. Compare and differentiate the functions of RTL, DTL and TTL logic (Apr/May-17)
7. Draw and explain CMOS inverter and its operation. (Nov/Dec-17)
8. Draw the circuit diagram of a two input TTL NAND gate with tristate output and explain its action, clearly showing logic and voltage levels. (Apr/May-19)
9. Find	an	expression	for	the	following	function	using	Quine	McCluskey	method F=(0,2,3,5,9,11,13,14,16,18,24,26,28,30). (Nov/Dec-18)
10. Implement the following function using QuineMcCluskey method F=∑m(6,7,8,9)+ ∑d(10,11,12,13,14,15)
(Nov/Dec-18)
11. Simplify using QuineMcCluskey method and verify your result using K-map F=∑m(0,1,2,5,7,8,9,10,13,15).
(Nov/Dec-17)
12. Find	an	expression	for	the	following	function	using	Quine	McCluskey	method F=∑m(0,2,3,5,9,11,13,14,16,18,24,26,28,30). (Nov/Dec-16)
 (
SIM
 
- II 
QUESTION
)
1. (i) How will you design a full adder using two half adders and an OR gate.(5)
(ii) Analyze the principle and design of Parallel multiplier with diagrams (8) (Jun/Jul-20)
2. (i) Design a 4-bit decimal adder using 4-bit binary adders. (7)
(ii) Simplify the function using multiplexer F=∑m (0,1,3,4,8,9,15). (6) (Apr/May-19)
3. (i) Construct full subtractor using Demultiplexer. (6)
(ii) Write short note on BCD adder. (7) (Jun/Jul-20)
4. (i) Analyze the design of 8 x 1 multiplexer using only 2 x 1 multiplexer. (6)
(ii) Formulate the following Boolean function using 4 x 1 multiplexers. F(A, B,C, D)= ∑(1,2,3,6,7,8,11,12,14). (7)
5. (i) Explain 4-bit magnitude comparator with three outputs: A>B, A=B, and A<B.(8) (Nov/Dec-19)
(ii) Realize F(w, x, y, z)= Σ (1,4,6,7,8,9,10,11,15) using 8 to 1 Multiplexer.(7) (Jun/Jul-20)
6. (i) Realize a circuit to carryout both addition and subtraction. (7) (Apr/May-19)
(ii) Deduce the design of a 1:8 demultiplexer circuit. (6)
7. (i) Compare the diagram of a 4-bit SISO SIPO, PIPO and PISO shift register and draw its waveforms. (8)


(ii) Realize D flip-flop using SR flip-flop. (5) (Jun/Jul-20)
8. (i) Construct a 4-bit down counter using logic gates. (5)
(ii) Model a synchronous MOD-6 counter and explain with waveforms.(8) (Nov/Dec-18)
9. (i) Show the operation of universal shift register with neat block diagram.(7)
(ii) Estimate the design a counter to count the sequence 0, 1, 2, 4, 5, 6 ,…..using SR FF’s. (6) (Jun/Jul-20)
10. (i) Interpret design of a 3 bit synchronous counter using JK flip-flop.(10) (Apr/May-18)
(ii) Differentiate between a state table, characteristic table and an excitation table for D Flip Flop. (3)
11. How would you describe the design of following:
(i) Synchronous counter with states 0, 1, 2, 3, 0, 1, using JK flip flop. (7)
(ii) Write short notes on Mealy and Moore sequential circuits. (6) (Nov/Dec-19)
12. (i) Use T flip-flop to design counter with the following repeated binary sequence 0, 4, 7, 2, 3.(8)
(ii) Realize JK Flip Flop using SR Flip Flop (5) (Nov/Dec-16)

	SIM - III QUESTION	
1. Design an asynchronous sequential circuit with 2 inputs T and C. The output attains a value of 1 when T=1 and C moves from 1 to 0. Otherwise the output is 0. (13)
2. What are the types of hazards? Check whether the following circuit contains a hazard or not Y = X1X2 + X2′X3. If the hazard is present, Demonstrate its removal. (13) (Apr/May-19)
3. An asynchronous sequential circuit is described by the following excitation and output function. Y= X1X2+(X1+X2) Y, Z=Y.
(i) Draw the logic diagram.(3)
(ii) Derive the transition table and output map. (5)
(iii) Describe the behavior of the circuit (5)
4. (i) What is a Hazard? Give hazard free realization for the following Boolean function. F (A, B, C, D) = ∑m (1,5,6,7) using AND- OR gate network . (10)
(ii)Define Essential Hazards (3) (Jun/Jul-20)
5. Summarize the design procedure for a asynchronous sequential circuit. (13) (Nov/Dec-16)
6. Find a circuit that has no static hazards and implements the Boolean function F(A,B,C,D) = Σ (0,2,6,7,8,,10,12) using AND-OR logic. (13) (Jun/Jul-20)
7. Construct a combinational circuit is defined as the function F1 = AB’C’+AB’C+ABC and F2 = A’BC+AB’C+ABC. Implement the digital circuit with a PLA having 3 inputs, 3 Product terms and 2 outputs. (13) (Apr/May-16)
8. (i) Classify the types of PLDs and write notes on PLDs. (7) (Nov/Dec-19)
(ii) Implement the following Boolean function using 3×4×2 PLA, F1(x, y, z) = ∑ (0, 1, 3, 5) and F2(x, y, z) = ∑ (3, 5, 7). (6) (Apr/May-17)
9. (i) Demonstrate the realization of the following function using PAL F1(x, y, z) = ∑ (1, 2, 4, 5, 7). And F2(x, y, z) =
∑ (0,1,3,5,7). (7) (Nov/Dec-17)
(ii) Write a notes on FPGA with neat diagram. (6) (Nov/Dec-19)
10. (i) State the advantages of CMOS logic.	(3)
(ii) Analyze a combinational circuit using ROM. The circuit accepts a three bit number and outputs a binary number equal to the square of the input number.(10) (Apr/May-17)
11. Create the design of BCD to Excess 3 using PLA?	(13) (Apr/May-18)
12. (i) Demonstrate the classification of semiconductor memories (7)
(ii) Manipulate the function using PLA F1=∑ (2, 4, 5, 10, 12, 13, 14) and F2 = ∑ (2, 9, 10, 11, 13, 14, 15). (6)
