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OBJECTIVES:
s To present the Digital fundamentals, Boolean algebra and its applications in digitalsystems
To familiarize with the design of various combinational digital circuits using logic gates

L4
e To introduce the analysis and design procedures for synchronous and asynchronoussequential cireuits
e  Toexplain the various semiconductor memories and related technology
e To introduce the electronic ¢ircuits involved in the making of logic gates
UNIT I DIGITAL FUNDAMENTALS 9

Number Systems — Decimal, Binary, Octal, Hexadecimal, 1,5 and 2,5 complements, Codes — Binary, BCD,
Excess 3, Gray, Alphanumeric codes, Boolean theorems, Logic gates, Universal gates, Sum of products and
product of sums, Minterms and Maxterms, Karnaugh map Minimization and Quine-McCluskey method of

minimization.

UNIT U COMBINATIONAL CIRCUIT DESIGN 9
Design of Half and Full Adders, Half and Full Subtractors, Binary Parallel Adder — Carry lookahead Adder,
BCD Adder, Multiplexer, Demultiplexer, Magnitude Comparator, Decoder, Encoder, Priority Encoder.

UNIT I} SYNCHRONOUS SEQUENTIAL CIRCUITS 9
Flip flops —~ SR, JK, T. D, Master/Slave FF — operation and excitation tables, T riggering of FF, Analysis and
design of clocked sequential circuits — Design - Moore/Mealy models, stale minimization, state assignment,
circuit implementation — Design of Counters- Ripple Counters, Ring Counters, Shift registers, Universal Shift

Register,

9

UNIT IV ASYNCHRONOUS SEQUENTIAL CIRCUITS
ments, Hazards,

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

free circuits.

UNITV MEMORY DEVICES AND DIGITAL INTEGRATED CIRCUITS 9
Basic memory structure — ROM -PROM - EPROM — EEPROM -EAPROM, RAM - Static and dynamic
RAM - Programmable Logic Devices — Programmable Logic Armay (PLA) - Programmable Array Logic
(PAL) - Field Programmable Gate Amays (FPGA) - Implementation of combinational logic circuits using
PLA, PAL. Digital integrated circuits: Logic levels, propagation delay, power dissipation, fan-out and fan- in,
noise margin, logic families and their characteristies-RTL, TTL, ECL, CMOS

TOTAL: 45 PERIODS

OUTCOMES:
At the end of the course:

e Use digital electronics in the present contemporary world
Design various combinational digital circuits using logic gates

L J
e Do the analysis and design procedures for synchronous and asynchronous sequentialcircuits
e  Use the semiconductor memories and related technology
e Use electronic circuits involved in the design of logic gates
TEXT BOOK:

. M. Morris Mano and Michael D. Ciletti, “Digital Design™, 5th Edition, Pearson, 2014.

REFERENCES:
Charles H.Roth. “Fundamentals-of Logie Desfgn”, 6th Edition, Thomson Learning, 2013
Thomas L. Floyd, “Digital Fundamesals”, 10th Edition, Pearson Education Inc, 2011
§ Salivahanan and S.Arivazhiagan“Digital Electronics”, Ist Edition, Vikas Publishing
House pvt Ltd, 2012.
Dr. G. Balakrishnan, ME. Ph.D.
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Read
Manikandam, Trichy-620 012.
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Anil K.Maini “Digital Electronics”, Wiley, 2014,
AAnand Kumar “Fundamentals of Digital Circuits”, 4th Edition, PHI Learning PrivateLimited, 2016.

Soumitra Kumar Mandal “ Digital Electronics”, McGraw Hill Education Private Limited,
2016.
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AIM:
To teach the students about the analysis and design of digital system
OBJECTIVES:

To impart knowledge on
Q)] To present the Digital fundamentals, Boolean algebra and its applications in digitalsystems

(i)  Tofamiliarize with the design of various combinational digital circuits using logic gates

(iii)  To introduce the analysis and design procedures for synchronous and asynchronoussequential
circuits

(iv)  Toexplain the various semiconductor memories and related technology

V) To introduce the electronic circuits involved in the making of logic gates

PREREQUISITES:

COURSE OUTCOMES:
After the course, the student should be able to:

T CO T Course Outcomes - POs '*; ' ?"_S_Ojj1

TC205.1 | Use digital electronics in the pre;lt contémporary world T 11,234,512 3
!

R — T T T35 12 | 2

‘ C265“2 Design various combinational digital circuits using logic gates

I 6205,3m Do tﬁ?ﬁr&l}gg and aegié;l B}Ecédarésmfo} és;ﬁch;o_r;aﬂé ;ﬁgagy_h?ﬁronous sequential ‘ _1;2_,3,4,512 " 1

circuits

| Use the semiconductor memories and related Eé&mology | 1,2’3 ,4,—5,1_2— 2

' C205.4

1334512 3

E | N—

i _6205_ 5 ’! Use electronic circuits involved in the agfgﬁ bﬁééic gates

i...ﬂ.._ . ) Y
| . .
S_.No_ | _D?I:‘ ,E’i'fq L Topics to be Covered t Page. No. |
"UNIT -I - DIGITAL FUNDAMENTALS T T Targetperiods:9 |
} 1 02/07/19 3 " Number Systems , Decimal, Binary, Octal, Hexadecimal, 1_s and2_s | TIR3 |
N Iy . complements [ S
| 2 03/07/19 | 2 Codes — Binary, BCD, Excess 3, Gray, Alphanumeric codes T1
_2_3_ }TOt_l/07/_l 9:1’—;;’:: ] Boolean theorems, | I_‘,q_gig gatesagnive'is:ﬂ“éateswv . T Tl
4 |os7n9) 5 |Problems .. . LLTR
09/07/19 ) '
5 { 3 Sum of products and produet of sums Tl
| | - . N NS e e e R S

Dr.G. Balakrishnan, ME, Ph.D
Principal o
IndrIaG Ganesan College of Engineerin
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[ 1107719 T 3 Minterms and Maxterms, Karnaugh map

1
|

7
8 “/07“9 8 Mmlmxzatxon and Quine-McCluskey method of minimization T1
' ; i — N — . i
o |17 5 5 | Problems T1,R3
TUNITII - COMBINATIONAL L. CIRCUIT DESIGN - " Target. get Periods 9
f 10 | 18/07/i9 | 3| Design of Half and Full Adders T
1L (19019 | 5 Half and Full Subtractors [T
12 23/07/19 3  Binary Parallel Adder - I T1
713 | 24707719 | _ 2 __| Carrylook ahead 'Adder - T
|14 | 2500719 ~3 | BCD Adder . - ST - .
15 2507119 8 | Multiplexer, Demultiplexer - T
L 16 _26/07/19";___” 5 Magmtude Comparator . T1
{17 3007719 | 3 | Decoder, Encoder, Priority Encoder S I Tl
‘ [ TLR3 |

18 31/0719 | 2 | Problems -
"UNIT 11l - SYNCHRONOUS SEQUENTIAL CIRCUITS

Target Penods 9

19 1 06/08/19 | 3 th flops — SR, IK, T, D, Master/Slave FF — operailbri and excitation tables Tl
20 | 07/08719 | 2 | Triggering of FF, Analysis and design of clocked sequential circuits T
_,.;.1» 108/08/19 | 3 | Design - Moore/Mealy models, state minimization, state assignment, circuit | N ;1'_
! | i implementation_ ]
{22 | 09/08/ 19 5 GNDEEEE “l(/l—c;o;é/\/lealy models-Contd B o T1 ___j
23 ATW]’?;‘/HS]R@;' 3 DeSIgn ofCountels- Ripple Counters T |
WHQZTWBSH;? 2 Problems ) ) o Tl_,R3 o
B 23# ' 1570%9: B 3‘_”:{ Ring Counters, Shift registers __m o :; o ] L__“ ilm;
26 | 16/0819 8 Universal Shift Reglster T1
27 | 2008719 3 ' Problems TL,LR3 |

“UNIT 1V - ASYNCHRONOUS  SEQUENTIAL CIRCUITS S

Targ_et Perlods 9

28 | 29/08/1 9F [ 3 7 Stable and Unstable states E
29 " 30/08/19 5 ’ output specxﬁcatxons, cycles and races, state reductmn Tl
30 | 03/09/19 "3 771 Race free assignments, Hazards, Essential Ha.zards T T T
,..31_ ' 04/09/19 2 | Problems - T _,_,T_]_LREW
32 05/09/19 3 | Pulse mode sequen"cial circuits T N Ti
"33 [ 06/09/19 | 5 | Problems T T TLR
34, 100919 | 3 Problems . e | " T|,R3 |
ES 110919 | 3 | Design of Hazard free circuits. - » ] Tl
"3 | 109719 | 8 | Problems - . TLR3
__UNIT V MEMORY 'Y DEVICES AND DIGITAL INTEGRATED CIRCUITS _ Target Perlods 99
| ' | "Basic memory structure , ROM ,PROM , EPROM, EEPROM ,EAPROM, |
37 ‘ 3 RAM , Static and dynamic RAM ' T1
1710919 | o i | [ SN
‘ ' ! Programmabie Loglc Devices — Programmable Logic Array (PLA) - |
. o2 Programmable Array Logic (PAL) ! Tl
1809119 | A4 - [
| " Field Programmable Gate Arrays (FPGA) - Implementation of combinational
9 | 3 logic circuits using PLA, PAL T1
- L2 C N S T — o i - T }_ R
40 2009n9, 5 I Pr Problems _ | .
i_ ‘ 7570019 | ' Dlgrtal integrated  circuits: Loglc levels, propagation delay, powe#
41 2 dissipation, fan-out and fan- in, noise margin, logic” families and their T1
| ! charactenstlcs-RTL g5 | B

Dr. G. Balakrishnan, M.E,, Ph.D.,
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 §12.



power dissipation, fan-out and fan- in, . noise Tl

I 4 FE 25/09/19 | 8 E Logxc c levels, propagatlon delay,

S B . margin, Jogic | families and their characteristics- T TTL et -

1 3 1725/09/19 3 l Loglc levels propagatlon delay, power d;ssnpatlon, “fan-out and fan- in, noise Ti ’—‘l
#__M o . margin, logic f: families and their charactenstncs—ECL [

l‘ 44 26/09/19 8 WTWLoglc levels, propagatlon delay, power dissipation, fan-out and fan- in, noise l T J‘]

lw e Ll i margin, logic ¥ families and their charactenstw&CMO | == !

a5 Teblems o — TLRI |

I _ Content Beyond the Syllabus I

46 | 0110/ 1—97‘; 3 Advanced Fleld Programmable eGateArray iy WM“gtg[lal_

Book Reference - Text Books

Title of the Book Author Publisher
I S
M. Morris Mano
and Michael D.
Digital Design Ciletti 5th Edition ,Pearson 2014
Book Reference- References
st Title of the Book ‘ Author Publisher Year
Charles 6th Edition, Thomson |
1. Fundamentals of Logic Design H.Roth Lcamning 2013
e [T
10th Edition, Pearson
2. Digital Fundamentals Thomas L. Floyd Education 2011
e S
Ist Edition, Vikas
§.Salivahanan and Publishing
3. Digital Electronics | S.Arivazhagan House pvt Lid, 2012

___________________________________________————

Website References:

1.https://onlinecours
in/noc22_eeS5
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Identification of Curricular Gap & Content Beyond Syllabus(CBS)

Name of the Faculty :Mrs.M.Nandhini

Degree & Program:B.E. /ECE

I.Mapping of Course Qutcomes with POs & PSOs.( before CBS)

Table.1 Mapping of COs, C, PSOs with POs - before CBS.

o

Course Code & Name:EC8392-Digital Electronics

Semester & Section: III/ A Academic Year: 2019-2020 /ODD

'co POi| POz PO3|PO4;PO5 POG POT gM9 " PO10 | POI1 | POI2 | PSO1 | PSO2 | PSO3 |
LN 0 I N T R I T2 | 3 [ 2 [ 3| 2|
cms2] 31 3 312l -2 - -1 - -T211}12 3} g
rcws3| 3 | 3] 3 2 [ -T2 -1 -1°] - 2 i 2 2 | 3 .2
A 3 | 3 32 -2 - -1T-]-Tz217212./ 2
Cws5 3 3 3 2 - 2., - S N D I B B T A e
Cc2056 3 | 3 | 3 |2 | - .2, - - o L. L 2 2 2 3 1 2 .
05 | 3 | 3] 3 | 2 - +2 ¢ - - =] - 2 | 2 2 T3 2 |
11. Identification of content beyond syllabus.
( Table.2 Identification of content be:v'on_t_i_ﬁ:l,lah!sT o
. POs strengthened/ .
5 Details of Content Beyond Syllabus(CBS) added ! vacant filled f ) CO/Unit |
{ Advanced Field Programmable Gate Array % l;,f])es dvacam ! C205.6/V ‘
PO R S R | i
111. Mapping of Course Outcomes with POs & PSOs. (After CBS)
. L e Table.3 Mapping of COs, C, PSOs with POs- after CBS. _
[ Course | POI | PO2 | PO3 | PO4 POS5 | PO6 PO7,PO8}PO9 PO10 : POII 'P012§PSOIEPSO2§PSOBI
PR NN S SN S S | S S R [ S E—
[Caoaa| 3 | 3 | 31 2] -1 21 -1 -+ -1 = P2 3 2 | 312
a3 3| 312 | -2 [-[-1-1-12_11.]72 3 i 2 |
a3 332 -2 - -1-1-12012/]2/]2_ 2 4
c34 3 3 03 2 - 2 - - - -2 2 2 L3 2
c3s| 3 | 3 3 212 -l - 2012 2 3 2
(36| 3 | 3 [ 3|2 -[2]-1-1-1°¢: T 2 213 | 2 |
ca03 | 3 | 3 | 3 | 2 [ -1 231 - e | T i 2 2 3 2
Si@aﬂmﬁM Dr.G. Balakrishnan, M.E, ph.p HoD/ECE
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Field Programmable Gate Array

What is an FPGA?

FPGA is a term formed by combining the first letters of the word Field-Programmable

Gate Array. The reason for using the term “field programming™ is that the function of

the FPGA integrated circuit (IC) is not programmed at factory output and is an IC that
can be changed while in the field, The function mentioned here is a tash created with
the hardware architecture of IC. It has grown very rapidly since the FPGA term was
introduced. While growing at a high rate in terms of capacity and performance, the
decrease in cost per unit operation has made FPGAs remarkable (Unlersen, 2015). In

Figure 1, an FPGA IC is presented.
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An FPGA IC belongs Xilinx Company

Although Xilinx presented the first hardware that can be called FPGA in 1984. the term
FPGA became popular in 1988 with the company Actel. The non-recurring engineering
cost required for application-specific integrated circuit (ASIC) {abrication does not
exist in FPGAs. But, this situation made FPGAs advantageous only in the use of a low
number of units. In this process, ASICs were more popular because they were very low
cost compared to FPGAs in high production. However, according to Mootre’s law, the
prediction that the number of units that FPGA will be advantageous will increase in the
future has prevented the interest in FPGAs from decreasing. Today, performance, Vo
capacity, power consumption, time to market and other capabilities are fmor¢ important
than device cost in FPGA-ASIC comparison (FPGA Designs with VHDL Docz{;ne!iigtion,

Dr.G. Balakrishnan, M.E, ph.p,
Principal ’
Indra Ganesan College of Engineerin
IG Valley, Madurai Main Road ?
Manikandam, Trichy-620 012.



n.d.; Trimberger, 2015; What Is an FPGA? Field Programmable Gate Array, n.d.).

Some of the application areas of FPGAs can be listed as follows (Rajewski, 2017):

* Aerospace

* Defense

* Automotive

* High Performance Computing and Data Storage
* Data Center |
* Industrial

* ASIC Prototyping
Dr. G. Balakrishnan, M.E,, Ph.D,,

* Broadcast .
Principal
i - Indra Ganesan College of Engineering
Video and Image Processing IG Valley, Madurai Main Road

. .. Manikandam, Trichy-620 012.
*  Wired and Wircless Communications Y

*  Medical Imaging

*  Security

In the design of an embedded system, the question of which platform should be designed
first comes 1o mind. Because for the designer, there are many ditferent hardware such
as microcontrollers. ASIC, microcomputer, FPGA. Actually, FPGA is not a one-to-
one alternative to other microprocessor-built platforms. On an FPGA, a hardware to
perform the required operation can be designed. However, in systems created with a
microprocessor. commands that will perform a desired operation are executed on a lixed
hardware. Additionally, it is also possible to design a microprocessor with an FPGA.

The designer’s choice of FPGA among these alternatives depends on the needs of the
system to be designed rather than a matter of whim. For example, in a hardware where
the algorithm to be used will change frequently and operations such as multiplication
and division with complex numbers will be made frequently, using a DSP produced for
this purpose may be more logical than using an FPGA. Because it will be very simple

and flexible to make caleulations on this DSP using a high-fevel language suchas C. o a
platform that should be cheap rather than high performance, choosing a microcontroller
can be a fast, simple and satisfying solution. However, if the process requires high
performance and speed, then FPGA will be more suitable for this type of applications



EPGON Strpclare

FPGAs are semi-ready silicon devices that can be electrically programmed to be part of
a digital circuit or system. fts strueture can be defined in three main parts: programmable
logic blocks, input and output blocks surrounding this block array, and interconnections (Chu, 2008 : Gunes &

Ors, nd)). -

The basic FPGA structure consists of thousands of basic clements called Configurable
Logic Blocks (CLB). These basic structures can be called Logic Blocks (LB), Logic Elements (LE) or Logic
Cells (LC) according to the manufacturer (Gunes & Ors, n.d.). CLBs are formed by combining a set of logic

elements such as a LookUp Table (LUT)
and flip flops (FF). The hardware architecture of the FPGA consists of the data stored in

these LUTs. The working principle of a 4-input LUT is illustrated in F igure 2.
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Figure 2. A 4-Input LUT Structure

The values specified here, as Data are the data loaded during FPGA programming,
According to this loaded data, the value applied to the inputs is selected and transferred

to the output. Thus, this LUT fulfills its special mission,

Dr. G. Balakrishnan, M., Puu,
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 012.
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| - Assignment — 01 T | Date of Issue: I 12.07.2019 _;_ Marks |10 I

f?:BEFs'éESd?” ['EC8392 | Course Title ' Digital Electronics - T

{_Year o 5»11 j Semester/Section g /A N I Date ofﬁ};mis_sioE ;‘19.07.2_019

f Q.No | I Questions ] (—f)h{

I B
1 ! Reduce A(A+B) | C205.1 |

{ |

| | N e iis i S SEE—

]FZ ] Prove that ABC+ABC+AB'C+A'BC=AB+AC+BC | C205.1 |
e e e — o Er—

3 ’ Simplify the following switching function using karnaugh map, I'c205.1 |

1 | F(A,B,C.D)= (0,5,7,8.9,10.1 1,14,15) + @ (1,4,13) {

4 iSJn}_ﬂﬁ“ the ‘Boolean function using R-I_I—l—a;—and tabular methods. Compare the | C205.1 ]

l ’ methods. F (A, B, C, D) =£m(4,5,6,7,8) d (A, B, C, D) = Y'm(1 1,12,13,14,15),

et ettt e

-
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SN |
["‘5.1—\76 /i ~ Questions ] co ]
e s e o o i P S
T TReduce A(ATE) 2051 |
277 1»LPir?wE that ABC+ABC+AB'C+ABC=ABTACIBC — =~ — T ———— C205.0 |
;‘**"mrg NCEY A 1 e R o —
{3 . Simplify the following switching function using karnaugh map, 1 C205.1
'F(AB.C,D)=Y (0,5,7.8,9,10,11,14,15) + @ (1,4,13) fl’ ;
—

e

Simpl if)T geﬂh&fanmfﬁcaoﬁ ut‘;'—;g K-a;p;nw& tabular methods, Ejompare the | C205.1 |
methods. F (A, B, C, D) =y'm(4,5,6,7.8) d (A, B,C,D)y=3m(1 1,12,13,14,15). [

!
|
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! ISug;i,est a solution to overcome the limitation on the speed of an adder, _ - : coz | Ki X
|2 |Write an expression for borrow and difference in a full subtractor circuit. coz Kl
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= Design a single bit magnitude comparator to compare two words A and B | J
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J PART A !
- - (Answer all the Questions 10 x 2 =20 Marks) == il
. Suggest a solution to overcome the limitation on the speed of an adder. L0 ‘ &

i

|
It is possible to increase speed of adder by eliminating inter-stage carry delay. This method
} utilizes logic gates to look at the lower-order bits of the augend and addend tosee if a higher- (

‘ order carry is to be generated. !

ety

R o L cor | K2
Design a single bit magnitude comparator to compare two words A and B. |

. I |

[ ) e ! S

i‘ 2 Write an expression for borrow and difference in a full subtractor circuit. ' coz | Kl f
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| | Difference = A’B+AB'=A®B !

1 [ Borrow = A'B : |'
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! {Lfs?few appiﬂ:;tiamf multiplexer.

5 o Data Selector. I
| o Implement combinational logic circuit. ||
o Time multiplexing systems |
o Frequency multiplexing systems. {
o D/A and A/D converter |
! o Data acquisition systems. | '
| |
U - ——— — r o SO———
6 Design a half subtractor using basic gates. | co J K2
) |
DIFF !
B |
! |
|
}—v BORROW r
|
Difference=A'B +AB'=A®B
| Borrow=A'B { i
|
— e _
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Draw the logic diagram of a 4 line to 1 line multiplexers l |
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i iti, Multiplexers |
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10 Give examples for combinational circuits 7
|
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| ! v. Encoders 1 .'
| vi. Decoders , [|
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