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1. Course details
1.1 Primary information
"4 Course Code 18EC823
T2 LT 300
f -4_;_: | Course Credit 3
T Marks (Min/Max) 421;:20
: 3 0
! ; ;rttr?:l,:ssessment 16/40 M
e o Analog and Digital Communication,-Microwave-and
5 Pre-requisite iR e pn” cipal
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§  Teaching Department |Electronics & Communication Engineering -t

7 Course Duration |40 Hours |

8 Faculty Handling the course Mr. Arun Upadhyaya

9 Course Coordinator Mr. Arun Upadhyaya '
1.2 Textbocks

1. invroguction 1o Radar Systems- Merrill | Skolink, 3e, TMH, 2001.

13 Reference Books

1. Radar Princples. Technology. Apphcations — Byron Edde, Pearson Education.2004.
Radar Principles - Peebles. Jr. P.Z Wiley. New York 1998
Principies of Modem Radar- Basic Principies - Mark A Rkhards, james A. Scheer, William
A Holm Yesdes 2013

AP

1.4 Other Resources (Online, Text. Multimedia, etc.)
1. https//nptel acin/courses/108/105/108105154/

2 https//oow.mit_edu/resources/res-I1-001-introduction-to-radar-s -spring-2007/
1.5 Link of class web page (Google classroom/CANVAS etc.)
hips//ciassroom poosie comVc/NTKIMTKOMTIOODEZ
imé’g\(
2 Course Pian
2.1 Course Outcomes
. e T
SL.No. | At the end of the course, Students will be able to Eaa 3 | a.rget
Level Attainment
.. | Understand the basics of radar system and apply the redar range equation | | 45
T o find the maximum range. i
o2 Examine the range parameters of Radar system which affect the syst em 3 23
Y€ | sedfarmance and aiso understand Radar Cross Section of Targets |
CO3  Explain the working and applications of different types of Rad | L2 22
COL Describe the workeng of various radar aniennas angd receivers. E L2 .7,

Copnicive ievess o3 per Sioom’s Taxonoemy L7-Fememoening {3-Ungerstonding [3-Applying, (£-Anolyzing L5-Evoluoting ond L5-Creoting

2.2 Mapping of COs with POs (Course articulation matrix)

s c
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Justification Perfo.r mancq
Indicator
PO1 Apply the knowledge of mathematics and engineering fundamentals to | 1.1.1, 1.1.2, !
derive the equation for radar range. | 1.3.1,1.41 =:
poz | 'dentify the mathematical, engineering and other relevant knowledge and | 2.1.1,2.12, |
apply to solve the problems using radar range equation. 2.1.3,2.4.1
PO9 Demonstrate effective communication skill to explain the concepts like 9.2.1
origins of radar and its applications.
con Read, understand and interpret technical and non-technical information and
Deliver effective oral presentations to technical and non-technical audiences | 10.1.1 10.1.3,
PO10 | by using Use a variety of media effectively to convey a message in a | 10.2.2, 10.3.1,
document or presentation to understand concepts like origins of radar and 1 10.3.2
its applications.
PSO1 | Understand the concepts of communication in the field of radar engineering. | -
PSO2 Apply domain-specific knowledge to understand the use of radar in | B
communication engineering. -
PO1 Apply the knowledge of mathematics and engineering fundamentals to ; 113 £.3:40;
determine the impact of noise on radar range equation. | 1.4.1
PO2 Identify the mathematical, engineering and other relevant knowledge and | 2.1.2,2.1.3
co2 apply to solve the problems on modified radar range equation. 1224,241 |
} PSO1 | Apply the concepts of noise in radar communication. '[ -
i' psoy | Understand the problems related to impact of noise on radar l B
- communication,
PO Apply the knowledge of mathematics and engineering fundamentals to | 1.1.1, 1.3.1
understand the working and applications of different types of Radar f 1.4.1
Identify the mathematical, engineering and other relevant knowledge and 212,213
PO2 | apply to solve the problems on Doppler frequency and measurement of ' 24 1' '
speed of targets. o
_— Understand the range parameters of Radar system which affect the system
PSO1 | performance and also understand Radar Cross Section of Targets in radar | -
communication.
PSO2 Understand the problems on Doppler frequency used in radar 3 _M
communication.
r PO1 Apply the knowledge of mathematics and engineering fundamentals to 1.3.1 '
understand the working of various radar antennas and receivers. 1.4.1
PO9 Demonstrate effective communication skill to explain the concepts like types 9.2.1
of antennas and receivers. -
Read, understand and interpret technical and non-technical information and ,
co4 Deliver effective oral presentations to technical and non-technical audiences | 10.1.1 10.1.3,
PO10 | by using Use a variety of media effectively to convey a message in a | 10.2.2,10.3.1,
document or presentation to understand concepts like types of antennas 10.3.2 |
and receivers.
PSO1 | Understand the use of types of antennas in radar communication systems e
S

2.4 Continuous Improvement (Actions taken based on the comments/suggestions of the AY: 2020-21)

Sl

Scope for Improvement/Comments/Curriculum Gap (2020-21)

Action Items

Most of the topics are covered through Online mode/ Few topics
can be covered online mode and remaining through offline

mode

Few topics are covered online

e

Need to take more hours to complete the portion

Extra classes taken®"ncipal
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2.5 Topic Level Outcomes

Modul | Topic Topic Level Outcomes (T LO) looms | Relevant | Assessmen
e At the end of the topic, the Level co t Tools
students will be able to (L1-L6)
1.1 Understand the working
Basics of Radar: Introduction, principle of Radar system. L2
Maximum Unambiguous Range, Radar
Waveforms, 1.2 Define parameters related
Definitions - PRF, PRI, Duty Cycle, Peak to Radar system. L —
Modul Transm_itter Power, Average NESEsETTRL
o1 tr.ansmltter Power. ) co1 PR,
Simple form of the Radar Equation, 1.3 Explain simple form of L3 ¢
Radar Block Diagram and Operation, Radar equation. .
Radar Frequencies, Applications of
Radar, The Origins of Radar. 1.4 Explain applications of
lllustrative Problems. Radar system and origins L2
of Radar. __3.
2.1 Derive the modified .
The Radar Equation: Prediction of equation or radar range L2
Range Performance, Detection of with signal to noise ratio.
signal in Noise, Minimum Detectable
Signal, Receiver Noise, SNR, Modified 2.2 Compute probability of
Radar Range Equation, Envelope detection and false alarm. L3 Internal
Modul | 5atactor —Probability of Detection. co2 Asse,ssmem
e-2 : /Assignmen
Radar Cross Section of Targets: ‘
sphere, cone-sphere, Transmitter 2.3 |dentify different Radar L2
Power, PRF and Range Ambiguities, cross section of targets.
Bjstern Lassis (Hustrative 2.4 Find out transmitter power,
Problems. pulse repetition frequency L3
and system losses.
MTI and Pulse Doppler Radar:
Introduction, Principle, Doppler 3.1 Understand the Principles
Frequency Shift, Simple CW Radar, of MTI and Pulse Doppler L2
Delay Line Canceler, MTI Radar with - Frequency Shift Radars.
power Amplifier Transmitter, Blind -
Speeds, Clutter Attenuation, MTI 3.2 Explain the purpose of Internal
v Improvement Factor, N- Pulse Delay- delay line cance-ller atid coz Asse.ssment
e-3 . clutter attenuation and /Assignmen
Line Canceler, derive the frequency L2 t
Digital MTI Processing - Blind phases, response of delay line
| and Q Channels, Digital MTI Doppler canceller,
signal processor, Moving Target 3.3 Describe the working of
Detector- Original MTD Digital MT! Processing and L2
. moving target detectors. —
Tracking Radar: Tracking with Radar- | 4.1 Understand the types of L2
Types of Tracking Radar Systems, Tracking Radar Systems. Internal
Modul | \40opulse Tracking- Amplitude 03 Asse_ssme:;
e Comparison Monopulse (one-and two- 4.2 Describe mono-pulse L2 Pr] L‘Eﬁgpm
coordinates), and Phase Comparison tracking. MADHWA VADIFAIA
NS p AN AGEMENT—
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Sequential Lobling, Conical Scan ‘ _ r |

Tracking, Block Diagram of Conical 4.3 Explain Conical Scars
‘ Tracking Rada

Scan Tracking Radar, Tracking in ; !

Range, Comparison of Trackers. |

5.1 Different functions served

The Radar Antenna: Functions of The
by Radar antenna and

Radar Antenna, Antenna Parameters, types of antennas used In '2

Reflector radar. 5

Antennas and Electronically Steered 5.2 Understand the Radar fritestial
Modul | Phased array Antennas. receiver and role of (7 co4 | Assessrrion
e-5 The Radar Receiver, Receiver Noise duplexer's In Radar system. i

Figure, Super Heterodyne | l

Receiver, Duplexers and Receivers 5.3 Explain different types of |

Protectors, Radar Displays. Radar display systems, 17 |

recelver protectors

Princtpal
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2.6 Course Delivery Schedule

Faculty | HoD
v Releva Pace 0"1 Made of Sign * sign
Tu
Nol Toplcs to be covered ht TLO T:I:et:x:cs Delivery (Every | (Every
' class) [Module)
Module 1
Basics of Radar: Introduction, Maximum
L1 ' 1
lhmmlmipuuus Range : 1912
Radar Waveforms, Definitions with rcfpocl to %
L2 - %
pulse waveform - PR, PRI La = [2- @ b @ﬁ
Delinitions with mspoct to pulse waverurm Duly
L3 | Cycle, Peak Transmitter Power, Average T - & & /ff%» } ; /
b
transmitter Power. f‘)’ /
- — i R ——T e sie - e | P f
L4 lllu'slralhm Problmw 1.2 %), Lﬁ @’)Q,
. LS | Simple [orm nl lhe Radar [quntlon 1.3 (i (44 @;’-ﬁ,’

Radar Bluck Dlagram and Operallon Radar

| 5% .
ol £ equenclt“‘ " tal | (@9*
L7 Illu-\tmlive Prcb!ems 1.3 10/ % 34 W(é)‘/

L8 Appllt atlnns of Raclar The Origlns of Radar 1.4 joly | Seaned (E@Al
Module 2
: The Radar Equation: Prediction of Range A &
e lwrformancv, 2 i /2 gPPTr @ /'(}M
Doleclion of signal in Noise, Minimum Detectable 4 P
; Z: ) : s
L0 signal, Recelver Noise, SNR, 3 fg KPPT‘ _@é?‘
d_ﬂ Mcidlflcd Radar Range Equation 2.2 3% 5L m ///
Envelope Detector — False Alarm Time and , 1)
4 2.2
el Probabllity 2u 3 8 ‘%’p g @-
L13 | Probability or Detection 2.2 &y /3 LR %w
imple targets - sphere, cone-sphere,
PR bl ideting P 3 lauB | RS \@%
Transmitter Power pPT //

s - T 24 s‘-'liS"h E& i g‘djpzf/

L15 | PRF and Range Ambiguities, System Losses

: -1:15 lllustrative Problems 22 | acl LA (m

Module 3
| MTI and Pulse Doppler Radar: Introduction, bl P O
A f !
L17 Principle . ¢ &‘6 @
o i it o e
Doppler Frequency Shift, Sirple CW Radar, ! iy It . A
L1 | sweep to Sweep subtraction = i bE ( Q%ﬁ:c i /3

s sl —— i I S e — . sy i
W‘nﬁvﬁiﬁ OF TECHHOLOGY % IAANAGEMENT
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Delay Line Canceler, MTI Radar with - Power [

e Amplifier Transmitter = b hf B & %*

Delay Line Cancelers — Frequency Response of

el Single Delay- Line Canceler 32 ¥/y %1% @ g,.. 2

Blind Speeds, Clutter Attenuation, MTI o/
ke Improvement Factor - # & ‘%‘”‘"
L22 | N-Pulse Delay-Line Canceler, 3.2 toly B @},/2_
Digital MTI Processing - Blind phases, | and Q > "*"', '
L23 | channels 3 lely B (51 /j;/ z
v
Digital MTI Doppler signal processor, Moving g. [ -~
o Target Detector- Original MTD 33 Lol 4 @*
Module 4
Tracking Radar: Tracking with Radar- Types of 8 - o
— Tracking Radar Systems % I3l ﬁP A @;,%L F
Monopulse Tracking-Amplitude Comparison glﬁ —
4.2 ;
L26 Monopulse Wq p o7 %' 4
.
L26 | Phase Comparison Monopulse. 42 1¥ly | £ @, ZD'/
128 | Sequential Lobing 43 | 13l | BB g
129 | Conical Scan Tracking 43 2 (¢ e @}_
L30 | Block Diagram of Conical Scan Tracking Radar 43 uly RA %T P
- \f
L31 | Tracking in Range 43 acly L% @%. »4“ /
J [
L32 | Comparison of Trackers. 43 acly 55 @ Y5
Module 5
L33 | The Radar Antenna: Functions of The Radar 51 e Ceoal wak o _
Antenna @gp,._
L34 | Antenna Parameters, Reflector Antennas 5.1 ol ¢ Se i La ngf
L35 | Electronically Steered Phased array Antennas 51 bl Ce W@, ///J :’/
L36 | The Radar Receiver, Receiver Noise Figure 52 xS Q; mw”f“%,
L37 | Super Heterodyne Receiver 5.2 F I _(’ 2R hw(;’?)@'
= X
L38 | Duplexers 52 gt fﬁ’wﬁ wtf@ jo
L39 | Radar Displays 53 e (I QQW,‘,{ E:@;, i,
N/
g . L&
L40 | Receivers Protectors 5.3 = H’ L2 (m,_, :
. Wr . /;f’ & ,
Signature of  Facu dling/ Course Coordinator/Module COW = HOD /}_)1'.:/ \7_5
Date: |3{2 - SHRIMADHW Date: _é\Dﬁ
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2.7 Topics Covered Beyond Syllabus

Daks Toblc Covered Relevant | Mode of
P e PO delivery
10/3 Real time application of Radar PO1 PPT/Seminar
715 Radar Displays with real time images PO1 PPT/Seminar

2.8 Remedial class Details

S. No.

g

Date

Topic discussed/numerical problem solved

No. of
Students
attended

.9 Innovative teaching methods adapted
S. No. Date Innovative method adapted Topics covered |
1 8/04/2023 Flipped Class Room Frequency Response of Single DLC and Blind ,
Speed i
2 8/04/2023 Flipped Class Room N-Pulse DLC '
3 24/04/2023 Flipped Class Room Conical Scanning & Sequential Lobing
4 13/04/2023 Flipped Class Room Monopulse Tracking

3. Assessment of COs

3.1 Assessment Schedule

Date A_:::ij"::;t TLOs Assessed Averagli ﬁte:lgnitive
31/03/2023 1A-1 11.1.2.1.3,14,21,22, 23,24 242
20/04/2023 I1A-2 31,32,33 2.53
11/05/2023 IA-3 41,4.2,4.3,51,52,53 2,00

o

P
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3.2 Measuring CO Attainment
3.2.1 Direct attainment

Ritalned Contribution
TLOs |Assessment| Levelof | Marks | Total Weight Attainment to CO CO - Direct
mapped| Tool Used Bloom's |allotted |Marks| <& o5¢ Level attainment
Attainment
Taxonomy
1.1 IA1 L2 7 0.23 3 0.7
1.2 1A1 L2
8 30 0.27 0 0 1.40
| 13 IA1 L3 8 0.27 0 0
1.4 IA1 L2 7 0.23 3 0.7 S
2.1 IA1 L3 8 0.27 1 0.27
2.2 1A1 L3 12 5 1.2
30 .- C - 2.07
23 1A1 2 6 0.20 1 0.2
24 1A1 L2 4 0.13 3 04
3.1 A2 L3 38 0.42 3 1.27
3.2 1A2 L3 16 0.18 2 0.36 |
33 A2 L2 6 0.07 3 0.2
90 2.60
4.1 IA3 L2 7 0.08 0 | -
4.2 1A3 L2 8 0.09 3 0.27
43 A3 L2 15 0.17 3 0.5
5.1 IA3 L2 7 0.23 0 0
5.2 IA3 L2 8 30 0.27 3 0.8 2.30
5.3 IA3 L2 15 0.50 3 1.5
3.2.2 Indirect attainment (Course end survey)
Number of students indipmci
S responded
CO questions Attainment Level
No. Strongly Neutral R
agree (A) Agree (B) © (3*A+2*B+C)/N
Understand the basics of radar system and
1 apply the radar range equation to find the 5 3 0 2.333333333
maximum range.
Examine the range parameters of Radar system
2 | which affect the system performance and also 2 6 0 2
understand Radar Cross Section of Targets
Explain the working and applications of different
1 7
3 types of Radar. 0 1.888888889
4 Describe the working of various radar antennas 1 7 0 -
and receivers. 888888889
3.2.3 Final CO attainment
SI. Course Outcomes Direct Indirect Final CO =
No. attainment | attainment | 80% DA + 20% IA
1 Understand the basics of radar system and apply the
radar range equation to find the maximum range. 1.4 2.333333333 1.59
2 Examine the range parameters of Radar system which
affect the system performance and also understand Qy)@(/ oY
| Radar Cross Section of Targets 2.07 Bepr=r—— 2.06
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= 1

3 Explain the working and applications of different types !

___ of Radar. | 2.6 | 1.888888889 | 2.46
4 Describe the working of various radar antennas and ‘,
receivers. 23 - 1.888888889 | 2.22

3.3 Observations of Course coordinator on CO attainment

Si.  Course Outcomes Target Attainment | Gap ' Action ' Revision
No. Proposedto  of target
bridge the Gap = wherever
- | _ - achieved
1 Understand the basics of radar " Students should |
system and apply the radar range ' be engaged !
equation to find the maximum R 1 | et through online | et
.. - - ) Gt SR S —
2 Examine the range parameters of
Radar system which affect the | itudsnts SQOU!d
system performance and also 22 | 2.06 | 014 | thee gzge I 2.2
understand Radar Cross Section of _ i !roug N
| Targets | i | 455
.’1 ' Explain  the  working  and | _
| applications of different types sz 22 2.46 - - : 23
.| Radar. '
4 D h ki i i
escribe the wor ing of various | 22 | 222 ) 23
_________ | radar antennas and receivers. | _ _ |
3.4 Other Information
Section-A
Total number of classes held 40
Number of tutorial classes held -
Number of seminars held 12
Portion coverage 100
student’s feedback -
No. of students having attendance shortage -
University result 100
Use of various teaching methods Black Board, PPT, Video, Google Classroom
Details of the e-content developed PPT- 32, YouTube Videos - 09 Google Classroom
3.5 Qutcomes on Actions of the Observations/Suggestions of the AY: 2021-22
s, No. i Action Taken Change Observed
4 | Seminar were conducted More Student involvement
) Innovative teaching methods used Students underw topic well
i ¥ Lo
Prlncapa+———-
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3.6 Comments/Suggestions by the Course Coordinator for the next academic year

5. No. Comment/Observations Suggested Actions

1 Many Students missed classes due internships Students can be engaged through online
opportunities class.

o

Remarks by the Module Coordinator . & tor tavg<eC o Y€ Y2Cal, of
A A Yivisson °f o'y ave S«cggurd toy o> & Ceg

. = =

> o "}

rKis iy &
}?/’ ;’i{d—b /é\

iy

Signature of  Fatulty Handling/Course Coordinator/Module Coordinator D
Date: &% {4 (33 Date:
Principal
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SHRI MADHWA VADIRAJA INSTITUTE OF TECHNOLOGY & MANAGEMENT,
_ BANTAKAL _
Department; ECE A1 _ Academic Year: 2021-22
Class: V semester Course: Venlog HDL Course Code: 18EC56
Date: 22/11/2021 Duration: 75 minutes Max. Marks: 30
QP Version: A
Note:  Answer the following questions
Qn. ) ‘Mar e
No Question | ks PI* BL* CO*
I(a) Explain the typical design flow for designing YLST IC Circuits. 6 1 1 |_2 cr
(b) Dustrate top-down design methodslogy with the help of 4-bit npple counter module. £ 1 4 1 |_3 (:01
OR
2z Discuss the different levels of abstraction used in Verilog modeling.
& 6 14.1 2 co1
b With the help of block dlagram truth table neoessary equat'ons, démgn block code and 3 [
’) stimulus code, implement 2:4 decoder using basic gates. 6 131 3 con

5, Hustrate the different gates supported by Verilog HDL with the help of truth table
/ consastmg of input values '0', 1", X" and 'Z'. Also write the Verilog HOL statements to ¢ 14.1 (3 (o3
nstantiate all the gates,

Compare and contrast gate level modehng and dataflow modelmg us:ng Venlog HOL for
(b)  the below problem statement: |
A circuit rings a bell whenever motion is detected from one of the two motion sensors.

- 6 [1.3.1 L9 CO3

A switch S determines which sensor to pay attention to:
$=0 => ring the bell when there’s motion at motion sensor 1
. 5=1 => ring the bell when there’s motion at motion sensor 2
Appiy the bottom- -up design rnethodo!ogv to demonstrate the desngn of 4-bit npp.e
carry adder.

6 141 L2 CO1

OR

(c)

" Write gate Tevel descnpt;on to rmplement function y=(a. b) +c ‘with 5 and 4 time units
4(a) of gate delay for AND and OR gate respectively. Also write the stimulus block and 6 1.3.1 L3 CO3
. simulation waveform.
Compare and contrast gaze level modelmg and dataflow modeimg usmg Venlog HDL for
the below problem statement: |
A car has a fuel-level detector that outputs the current fuel-level as a 3-bit
fb) binary number, with 000 meaning empty and 111 meaning full. Using the 6 1.3.1 L4 CO3
combinational design process, create a circuit that illuminates a “low fuel”
indicator light (by setting an output L to 1) when the fuel level drops belovs
level 3. e e e B
Implement the below problem statemerit in dataflow modeling. i N
Let variables T represent being tall, H being heavy, and F being fast. Let's consnder
anyone who is not tall as short, not heavy as light, and not fast as slow.
2. You may ride a particular amusement park ride only if you are either tall and Iught

fc) or short and heavy. 6 141 L3 1CO3
b, You may NOT ride an amusement park ride if you are either tall and light, or short . _

and heavy.
. You are eligible to play on a particular basketball team if you are tall and fast, or tall
_ and slow. - o
BLY ﬂﬁam 5 TamnomV Lmel, CO' Course Outcome P! Perfmmance Indacator

Principal N
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QP qualty R —

(€O Maximum | Maximummarks ] % questions <
r | Marks L2 level L3level  [L4level — L2level  [L3level | (4 leve -

| it | Questions | questions | questions | questions | questions __| questions

e L 30 1 12 L 18 10 T 20 T3 T g
(G| 3 0 1 18 | 12 | o | 30 [ "%

Overall QP quality = 2 X % of L2 questions + 3 X % of L3 questions + 4 X % of L4 questions
=(2X0.2) + (3X0.6) + (4X0.2)
=3
Prepared By (Name & signature with date): Ms. Sow@ya Bhat

w&“"t)’,g\n\"*’ .
Remarks by scrutiny team:

Course type (Theoretical/Theoretical & numerical/Numerical)

Scrutinized by (Name & signature with date): <4V & Ahay

E o’
(41 124
QP selected for the test: YES/NO HoD Signature with date and seal

Prinsipat———— ¢
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INSTITUTE CF TECHNOLOGY & MANAGEMENT
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SHRI MADHWA VADIRAJA INSTITUTE OF TECHNOLOGY & MANAGEMENT, ™

T  BANTAKAL I
Department: ECE IA- 1 | Academic Year: 2021-22
 Class: V semester . Course: Verilog HDL  Course Code: 18ECS6
" Date: 22/11/2021 | Duration: 75 minutes | Max. Marks:30 |
QP Version: B = e l
_ Note:  Answer the following questions T |

Qn. i ‘Mar * BL*

No Queston s | 7o
1(a) Explain design flow for designing VLSI 1C circuits with a neat flowchart. | 6 :1 3 1!1 L2 oLy
: —g-o - L =
() Tustrate bottom-down design methodology with the help of 4-bit ripple counter‘ 6 ¥1.4.1i L3 L co1 1'
module. S | A B S

OR

.............. I '!_ 7 "";__ 1
2(a) Discuss the different components of a simulation used in Verilog modeling. | 6 ;1-4-12 sz co1/
.- \With the help of block diagram, truthtablg,necessaw equations, desi_gn block code and | \% 1' | ‘
' \2) stimulus code, implement 4:1 Multiplexer using basic gates. | 6 ™ L3 | coLy

v L |

. ” -Iiilustrate thedlfferentgates:upported by Verilog HDL with the help of truth tab!d ' ‘ |

A2 consisting of input values '0’, ‘1’, 'X’ and ‘Z'. Also write the Verilog HDL statements to g 141 13 | oo3
_instantiate all the gates.

Compare and contrast gate level modeling and dataflow modeling using Verilog HDL for |
(b) the below problem statement:

A museum has three rooms, each with a motion sensor (m0, m1, and m2) that outputs 1

when motion is detected. At night, the only person in the museum is one security guard ¢

1.3.1] L4 | CO3
who walks from room to room. Create a circuit that sounds an alarm (by setting an
cutput A to 1) if motion is ever detected in more than one room at a time (i.e., in
wwo or three rooms), meaning there must be one or more intruders in the
.......... gugelap . - l
~(c) Let variables S represent a package being small, H being heavy, and E being expensive. \
Consider a package that is not small as big, not heavy as light, and not expensive as,
inexpensive.

Implement the below problem statement in dataflow modeling.

a. Yqu can dghver packages only if the packages are either small and expensive, or big, & ladl 13 leos
and inexpensive.

1. You can NOT deliver a package only if the packages are either small and expensive, o
big and inexpensive.

¢. You can load the packages into your truck only if the packages are small and light,
small and heavy, or big and light.

=
Implement the below circuit in gate level modeling. o
el * [
, ¢ -' it .
4(a) | ' o, [ 6 |1.4.1] L3 |co3
b ” 3 t &
a |

:Compare and contrast gate level modeling and dataflow 'r'nodeling' u'sing' Vé;illo_g HDL for 5
i the below problem statement:

) house has four external doors each with a sensor that outputs 1 if its door is open.
| B) ‘ : 4 6 |a3.1 L4 | CO3
. Inside the house is a single LED that a homeowner wishes to use to indicate whether a ')ng

!door is open or closed. Because the LED can only show the status of one sensor, the princ;p,a,;.,.—-j:ﬁ—*‘
_ homeowner buys a switch that can be set to 0, 1, 2, or 3 and that has a 2-bit OSHMIMADHWA VADIRAILL |

C MITTITIIT AR TE LA  SAY O RAARYA ™ PSS L




. . [ A,
!represenling the switch position in binary, Create o cireuit to connect the fou s

| he switch, and the LED.

! Write gate level description to implement function y

av(b.e), with 5 and 4 tirme urits o

' (¢) | gate delay for AND and OR gate respectively. Aluo write the otimnulus Liack and 6 150 L T,
| simulation waveform.
BL* Bloom's Taxonomy Level; CO* Course Outcome, P1 Performance Iridicator
QP quality _ , .
| CO Maximum Maximum marks ! Yo questions 4
Marks L2 level L3 level L4 level 12 level L% lesel L4 ey
. '. | questions | questions _ questions  questions  questions questions
c: o 30 | 12 | 18 0 0 W K
€02 30 | 0 18 12 0 30 20
Overall QP quality = 2 X % of L2 questions + 3 X % of L3 questions + 4 /£ % of L4 questions
=(2X0.2) + (3X0.6) + (4X0.2)
=3
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¢
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Introduction to Electronics and Communication

Tame: 3 hirs, Max . D

Nore: 1. Answer any FIVE full guestions, choosing ONE full question from vach m
2. VT Farmulda Hland Book is pecmitted.
3. M s Marks . L: Bloom s level . C; Course putcomes.

e Se— Module-1 | @ | ¢

[ Q.0 |a. Draw the block dagram of DO power supply and explam the |

; blocks | L2 | ol

b A e T |

I h.  Draw the circunt dhagram of voltage regulation and explain tl 12 I col

E ¢. | An ampl:ﬁc}' produces an {11|1|)11t voltage of 2V tor an inpd !

| mput and  oatput currents i this condiion are o8 i i
respectively. Find - | 13| ol
1) The voltage pain 1) The camrent gam

§| | SN URORU ST - . o

FQ2 | Waha neat areunt dingram and wavelorm bxp i !

J ! o full wave bridge rectficer : 8 L2 col

N T S —— i B  NEES SRE WoR—

i | b Draw the creuit diagram ol voltage dou : orking operation. | 6 } L2 Col !

; - “t’(—.—'ﬁi.’)’i&{.ﬂw briefly o Negative feedbaghihp i (TOREGN block digram N | 'l"‘ | g,;"

‘I_ - —- e — ! i d

Q3 | a. Wihcircunt diagram. expla £ |12 cor |

b, Define the following operl

{ 1 Open loop voltag

i Output Resist

) Slew Rate .
[ 6 | L1 )| €02
8 .l LI | CO2 |
6 |Li|CO2!

L2 coz

>

g Explan the operation of summing amplifier using operanonal nmphbicr and - 6
? mun@c autpul equation. |
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Q5 | a lmplwmcm full adder u\lna twa half adders and one OR g,ah. “Write tl:c
couations tor Sunm and C .

i (L1080 101011111 100000): = (T
| ) (OO0 101011 ET0010): = (V)
[ i (OO0 T = (Phe

.
i
! Sleps.
i
I

ik, ' l’wng_ basic Boolean theorems priwe
=y rZy=xryr i) xy+txzd yEiexzt yE

A = i S e SRS TR

Q.6 a. bapressibe Boolean function
' 1 A+ BC in g sum of minterms fonm

l )b oxv + xem a product of maxterms form.
== b, Subtract the following using 10°s complement
1) (72532 - 3250), i) (3250 T2532) ~
¢, Write the step by step procedure to design a combingd
- - Module - 4 _
Q.7  a. What ix an Limbedded system? Compare © mbe |
computer svatemas, |
' b, Moention the chissification of Embedde 6 | L1 CO4
- ' perormance l| |
iu Witte a short note on ﬂgui&n 6 i 1.2 | COod
Q.8 a. Discuss the typical embed 8§ 12]C04 |
- e N e - R (S AL R—
Th. What s the differenceidnweg ) and CISC processors? 6 | 11| CO4 |
Tle Woteashort notgon W Transducers n) Sensors. 6 jL2] C()s_tm
i 3
. Module - -
09 a basie communication system and brictly \p]aln I 05
- i e Sk i * et
b, S JEcommunication systems, |5 f L2 | ! (.05
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e 11
{ ]
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IPCC BEC302 Digital System Design Using Verilog Lab

Department Vision:

To be recognized as a center of eminence in the field of Electronics and
Communication Engineering for holistic engineering education and research on current

technologies.

Department Mission:

1. Impart quality engineering education with ethics to students and transform them
into leaders in technology, innovation and research.

2. Provide a platform and academic atmosphere that will ensure the transfer of
knowledge and skills to the students.

3. Promote the overall personality development of the students through activities

that have high credibility and societal impact.

Programme Educational Objectives:

The graduate of Electronics and Communication Engineering should be able to

PEO-1 Exhibit essential knowledge of applied sciences, mathematical modelling, logical
interpretation and virtual realization to resolve real-time problems in the field of
Electronics and Communication Engineering

PEO-2 Work productively as an Electronics and Communication Engineer, including
supportive and leadership roles on multidisciplinary teams.

PEO-3 Inculcate effective communication skills to excel in professional growth.

PEO-4 Take part in lifelong learning in pace with the advancing technological society.
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IPCC BEC302 Digital System Design Using Verilog Lab

DIGITAL SYSTEM DESIGN USING VERILOG LAB
B.E., 111 Semester, Electronics & Communication Engineering

2022 Scheme

Course Code BEC302 CIE Marks | 25

Exam duration 2/3 hours

Course Objectives
This course will enable the students to:
e To impart the concepts of simplifying Boolean expression using K-map
techniques and Quine-McCluskey minimization techniques.
« To impart the concepts of designing and analyzing combinational logic
circuits.
e To impart design methods and analysis of sequential logic circuits.
e To impart the concepts of Verilog HDL-data flow and behavioural models
for the design of digital systems.

No. | Experiments

1 To simplify the given Boolean expressions and realize using Verilog program

2 To realize Adder/Subtractor (Full/half) circuits using Verilog data flow description.
3

4

To realize 4-bit ALU using Verilog program.
To realize the following Code converters using Verilog Behavioral description
a) Gray to binary and vice versa b) Binary to excess3 and vice versa

To realize using Verilog Behavioral description: 8:1mux, 8:3encoder, Priority
5 encoder
To realize using Verilog Behavioral description: 1:8Demux, 3:8 decoder, 2 —bit
6 | Comparator
7 To realize using Verilog Behavioral description:
Flip-flops: a)JK type b)SR type ¢)T type and d)D type
To realize Counters-up/down (BCD and binary) using Verilog Behavioral

8 description.
Demonstration Experiments (For CIE only-not to be included for SEE)
Use FPGA/CPLD kits for down loading Verilog codes and check the output for interfacing
experiments.
Verilog Program to interface a Stepper motor to the FPGA/CPLD and rotate the
9 | motor in the specified direction (by N steps).
Verilog programs to interface Switches and LEDs to the FPGA/CPLD and
10 | demonstrate its working.

Dr
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IPCC BEC302 Digital S;stem Design UsinE VeriloE Lab

Course Outcomes

At the end of the course the student will be able to:

1. Simplify Boolean functions using K-map and Quine-McCluskey
minimization technique.

2. Analyze and design for combinational logic circuits.

3. Analyze the concepts of Flip Flops (SR, D,T and JK) and to design the
synchronous sequential circuits using Flip Flops.

4. Model Combinational circuits (adders, subtractors, multiplexers) and
sequential circuits using Verilog descriptions.

Assessment Details (both CIE and SEE)

The weightage of Continuous Internal Evaluation (CIE) is 50% and for
Semester End Exam (SEE) is 50%. The minimum passing mark for the CIE
is 40% of the maximum marks (20 marks out of 50) and for the SEE
minimum passing mark is 35% of the maximum marks (18 out of 50 marks).
The student is declared as a pass in the course if he/she secures a minimum of
40% (40 marks out of 100) in the sum total of the CIE (Continuous Internal
Evaluation) and SEE (Semester End Examination) taken together.

The IPCC means the practical portion integrated with the theory of the
course. CIE marks for the theory component are 25 marks and that for the
practical component is 25 marks.

CIE for the theory component of the IPCC

e 25 marks for the theory component are split into 15 marks for two
Internal Assessment Tests (Two Tests, each of 15 Marks with 01-hour
duration, are to be conducted) and 10 marks for other assessment
methods mentioned in 220B4.2. The first test at the end of 40-50%
coverage of the syllabus and the second test after covering 85-90% of
the syllabus.

e Scaled-down marks of the sum of two tests and other assessment
methods will be CIE marks for the theory component of IPCC (that is
for 25 marks).

e The student has to secure 40% of 25 marks to qualify in the CIE of the
theory component of IPCC.

CIE for the practical component of the IPCC

e 15 marks for the conduction of the experiment and preparation of
laboratory record, and 10 marks for the test to be conducted after the
completion of all the laboratory sessions.

e On completion of every experiment/program in the laboratory, the

students shall be evaluated including viva-voce and marks %
awarded on the same day. Principal
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IPCC BEC302 Digital System Design Using Verilog Lab

e The CIE marks awarded in the case of the Practical component shall be
based on the continuous evaluation of the laboratory report. Each
experiment report can be evaluated for 10 marks. Marks of all
experiments’ write-ups are added and scaled down to 15 marks.

e The laboratory test (duration 02/03 hours) after completion of all the
experiments shall be conducted for 50 marks and scaled down to 10
marks.

e Scaled-down marks of write-up evaluations and tests added will be
CIE marks for the laboratory component of IPCC for 25 marks.

® The student has to secure 40% of 25 marks to qualify in the CIE of the

practical component of the IPCC.
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TABLE OF CONTENTS
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1 [To simplify the given Boolean expressions and realize using Verilog i
program
2 | To realize Adder/Subtractor (Full/half) circuits using Verilog data flow 9
description.
3 [To realize 4-bit ALU using Verilog program. 12
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4  |description
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Digital System Design Using Verilog Lab

Experiment No: 1
AIM: To simplify the given Boolean expressions and realize using Verilog program

Yi=A’B’ + AB+A’B
Y2=(A+B) (A+B’)
Y3=A’B+AB’+A’B’ +AB
Yd4=AB’ +B’'C’ +A’'C’
Y5=A’BC + AC
Y6=AB+ A (CD+CD’)

Y7=(BC’' +A’D)(AB’ +CD’)
Y8=A’BC+AB’C’+ A’ B’ C’+ABC

g b
Y3 .
W i
Y5+

| ) T e

¥7 |

v — l RTL Schematic

Top Module Program for Boolean

Expression

module bool (A, B,C, D, Y1,Y2, Y3, Y4, Y5,
Y6, Y7, Y8);

input A,B,C,D;

output Y1,Y2,Y3,Y4,Y5,Y6,Y7,YS;
assign Y1=~A | B;

assign Y2= A;

assign Y3=1;

assign Y4= (A& (~B)) | ((~A) & (~C));
assign Y5=C & (A | B);

assign Y6= A & (B | C);

assign Y7= 0;

assign Y8= (B & C) | ((~B) & (~C));
endmodule

T'estbench Code for Boolean Expression

module bool_test;

reg A, B, C, D;

wire Y1, Y2, Y3, Y4, YS, Y6, Y7, Y8;
bool uwut (.A(A),.B(B),.C(C),.D(D),
S 1CY L), YZ0Y2), YA(Y3) Y4(Y4),
Y5(YS), .Y6(Y6), .Y7(YT), .Y8(YS8) ),
initial

begin

A=0; B=0; C=0; D=0;

end

always

begin

#10 D=!D;

#20 C=!IC;

#40 B=!B;

#80 A=!A;

end

initial

begin

#100 $finish;

end

endmodule

Upstore

Princi
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B T S ——

Experiment No: 2

AIM: To realize Adder/Subtractor (Full/half) circuits using Verilog data flow description.

Top Module Code for Full Adder Top Module Code for Half
module fulladder (sum,cout, a, b, ¢); Adder_
output sum, cout; module halfadder (sum,cout, a, b);
input a, b,c; output sum, cout;
assign sum=a”b"¢; input a, b;
assign cout=(a & b) | (b & ¢) | (¢ & a); assign sum=a " b;
endmodule assign cout= (a & b);

endmodule
d i nch for Full Adder
module fulladder test; Testbench Code for Half Adder
reg a,b,c; module halfadder test;
wire sum,cout; reg a,b;
fulladder uut wire sum,cout;
(.a(a),.b(b)..c(c),.sum(sum),.cout(cout)); halfadder uut
initial (.a(a),.b(b),.sum(sum),.cout(cout));
begin initial
a=0;b=0;c=0; begin
#10 b=1b; a=0;b=0;
#10 b=1b; @ st #10b=lbja=ta;| oot —
#10 a=!a; b #10 b=Ib;
end | #10 a=!a; b ol

c BHR 1 ] Tl "

always | end .
#5 c=!c; RTL Schematic initial RILSchematle
initial

begin
begin #100 $finish;
#100 $finish; end
end endmodule
endmodule
Top Module Code for Full Subtractor Top Module Code for Half
module fullsubtractor (diff,bout, a, b, bin); Subtractor
output diff, bout; module halfsubtractor (diff,bout, a,
input a, b,bin; b);
assign diff=a " b * bin; output diff,bout;
assign bout= (~a & bin) [ (~a & b) | (b & input a, b;
bin); assign diff=a " b; O\(Pg(m”p
endmodule assign bout= (~a & b); PrATInal

. il D17 )7
LOF IfffngE@DY&MLHLGFMEHI
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IPCC BEC302 o Digital System Design Using Verilog Lab
Testbench Code for Full Subtractor Testbench Code for Half
module fullsubtractor_test; Subtractor
reg a,b,bin; module halfsubtractor_test;
wire diff, bout; reg a,b;
fullsubtractor uut wire diff, bout;
(.a(a),.b(b)..bin(bin),.diff(diff), bout(bout)); halfsubtractor uut
initial (.a(a),.b(b),.diff(diff), bout(bout));
begin initial
a=0:;b=0;bin=0; begin
#10 b=!b; a=0:b=0;

#10 b=!b;a=!a; #10 b=!b;
#10 b=!b; #10 b=!b;a=!a;
#10 a=la; _ #10 b=1b;
end v @ bout ; #10 a=!a; i
always end 18 bout
#5 bin=!bin; o initial |
initial ! i il begin -4 b diff
begin #100 $finish;
#100 $finish; RTL Schematic end RTL Schematic
end endmodule
endmodule
rut 1
Inputs Half Adder Outputs Half Subtractor Outputs
a b cout sum bout diff
0 0 0 0 0 0
0 1 0 1 1 1
1 0 0 | 0 1
1 | 1 0 0 0
Inputs Full Adder Outputs Full Subtractor Outputs
a b ¢/bin cout sum bout diff
0 0 0 0 0 0 0
0 0 1 0 1 1 1
0 1 0 0 1 1 1
0 1 1 1 0 1 0
1 0 0 0 1 0 1
1 0 | 1 0 0 0
1 1 0 1 0 0 0
1 1 1 1 1 1 1

Orpcor
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Testbench Qutput for Full Adder |
Now: :
0 gns 20 40 ns
hid s | o Eopaeiy |
Wi sum 0 | | [
Ula £ . 5
S : .
e 0
’7 —
Now:
00 ons 20 40 ns
Aptihe g el | Wy
Ul cout 0 _ _
N sum 1 | ; L_____‘
Ule t Sk
nmﬂ;h_(mmmr.liummm |
Now: : n .
ns .20 ns
foome G el
0 diff 0 LI i e o
1N a q '
Uln 1
Ul in 0
[ Lesthench Output for Full Subtractor
Now: : o
gns i ns
s [y 1 e Bl SRR o
Ut bout 1 S ] kil _ _
Uit % __________r _ L________lf __
ma 0 _ b : o
o S R [ b |
-
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Experiment No: 3

AIM: To realize 4-bit ALU using Verilog program.

Digital System Design Using Verilog Lab

T : =
module alu(A,B, ALU_Sel, ALU_Out,
CarryOut);

| input [7:0] A, B;

input [3:0] ALU_Sel;

output [7:0] ALU_Out;

output CarryOut;

reg [7:0] ALU_Result;

wire [8:0] tmp;

assign ALU Out = ALU_Result;

assign tmp = {1'b0,A} + {1'b0,B};
assign CarryOut = tmp([8];

always @ (ALU_Sel)

begin

case (ALU_Sel)

4'b0000: ALU_Result = A + B;

4'b0001: ALU_Result = A - B;

4'b0010: ALU_Result = A * B;

4'b0011: ALU_Result = ~A;

4'b0100: ALU_Result = A<<1;

4'b0101: ALU_Result = A>>1;

4'v0110: ALU_Result = {A [6:0], A [7]};
4'v0111: ALU Result= {A [0], A [7:1]}.
4'b1000: ALU_Result = A & B;

4'b1001: ALU_Result=A | B;

4'b1010: ALU_Result=A " B;

4'b1011: ALU_Result =~ (A | B);
4'b1100: ALU_Result =~ (A & B);
4'b1101: ALU Result=~ (A " B);
4'b1110: ALU_Result =(A>B)?8'd1:8'd0;
4'v1111: ALU Result =(A==B)?8'd1:8'd0,
default: ALU Result = A + B;

endcase

end

endmodule

Testbench Code for 4-bit ALU
module alu_test;

reg [7:0] A, B;

reg [3:0] ALU_Sel;

wire [7:0] ALU_Out;

wire CarryOut;

alu uut(CA(A),

B(B),. ALU Sel(ALU_Sel),, ALU_Out(ALU_Out),
.CarryOut(CarryOut));

initial

begin

A=8'b10101011; B=8b01010101;

ALU Sel =4'b0000; #5;
ALU Sel =4'b0001; #5;
ALU Sel =4'b0010; #5;
ALU_Sel =4'b0011; #5;
ALU_Sel =4'b0100; #5;
ALU_ Sel =4'b0101; #5;
ALU Sel =4'b0110; #5;
ALU Sel =4'b0111; #5;
ALU_Sel =4'b1000; #5;
ALU Sel =4'b1001; #3;
ALU_Sel =4'b1010; #5;
ALU_Sel =4'b1011; #5;
ALU_Sel =4'b1100; #5;
ALU_Sel =4'b1101; #5;
ALU_Sel =4'b1110; #5;
ALU_Sel =4'b1111; #5;
end

initial

begin

#100 $finish;

end

endmodule

Dept. of ECE, SMVITM, Bantakal, Udupi

Vihwothama NxganUduol Dist




1PCC BEC302 Digital System Design Using Verilog Lab

Opcode

ALU_Sel ALU_Result
| 0000 A + B - Addition
0001 A — B - Subtraction
| 0010 A * B - Mutiplication
0011 ~A - Complement
0100 A<<1 — logical shift left
0101 A>>| — logical shift right
0110 {A [6:0], A [7]} — Rotate left
0111 {A [0], A [7:1]} — Rotate right
1000 A & B —logical AND
1001 A | B —logical OR
1010 A * B — logical EXOR
1011 ~ (A | B) — logical NOR
1100 ~ (A & B) — logical NAND
1101 ~ (A~ B) - logical EXNOR
1110 (A>B)?8'd1:8'd0 — greater comparison
1111 (A==B)?8'd1:8'd0 — equal comparison
default A+B

:

-m %

P — e

-
=

1

E
2 -

[ ——— et F g | e T
X 8001010100 )\ 801010110 } Eb01010101 X BHO1010111 | Eb11010101 5 £000000001 § 11111

Prifftipal
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Digital System Design Using Verilog Lab

Experiment No: 4

AIM: To realize the following Code converters using Verilog Behavioral description

a) Gray to binary and vice versa b) Binary to excess3 and vice versa

Fop Module Code for Gray to Binary
module gray to_binary (g,b);
input [3:0] g;

output [3:0] b;

reg [3:0] b;

always(@(g)

begin

b[3] =g[3];

b[2] =b[3] * g[2];

b[1]=b[2] ~ g[1];

b[0] =b[1] ~ g[O0l;

end

endmodule

—g30) b0 -

RIL Schematic

then r n
module gray to_binary_test;
reg [3:0] g;
wire [3:0] b;
gray_to_binary uut(.g(g), -b(b));
initial
begin
g =4'b0000; #5;

g =4'b0001; #5;
g =4'b0010; #5;
g =4'b0011; #5;
g =4'b0100; #5;
g =4'b0101; #5;
g =4'b0110; #5;
g=4'b0111; #5;
g =4'b1000; #5;
g =4'b1001; #5;
g =4'b1010; #5;
g =4'b1011; #5;
g =4'b1100; #5;
g =4'b1101; #5;
g =4'b1110; #5;
g =4'b1111; #5;
end

initial

begin

#100 $finish;
end

endmodule

Orpesy

. Principg}———
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IPCC BEC302 Digital System Design Using Verilog Lab
Iruth Table
Inputs Outputs
g3 g2 el g0 b3 b2 bl b0
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 0 0
0 | 0 1 0 1 1 1
0 1 1 0 0 1 0 0
0 1 1 1 0 1 0 1
1 0 0 0 1 1 1 1
1 0 0 1 1 1 1 0
I 0 1 0 1 1 0 0
1 0 | 1 1 1 0 1
1 1 0 0 1 0 0 0
l 1 0 1 1 0 0 1
1 1 1 0 1 0 1 1
| | 1 1 1 0 1 0
Testbench Output for Gray to Binary
Now:
100 ns
= @l L
b 4]
Mol
o)
vy
= i
Mok
Aol
o]
Hal
To 1 r Bi Testbench Code for Binary to Gray
module binary to_gray (b, g); module binary_to_gray _test;
input [3:0] b; reg [3:0] b;

output [3:0] g;
reg [3:0] g;
always@(b)

begin

g[3]1=b[3];
g[2]="b[3] * b[2];
g[1]=b[2] ~ b[1];
g[0] =b[1] ~ b[0];
end

endmodule

wire [3:0] g;
binary to_gray uut(.b(b), .g(g));
initial

RAJA

begin

b =4'b0000; #5;

b =4'b0001; #5;

b =4'b0010; #5;

b =4'b0011; #5;

b =4'b0100; #5; q(mf?”

b=4'b0101; #5; ) Prmélm“—“
e e, AAD

b =#bOLIO#5 pusmmn ﬂi[r“‘:r;fm\" OnY &

b =4'b0111; #5; e

MANAGEMEN
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=
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IPCC BEC302 Digital System Design Using Verilog Lab

| b =4'b1000; #5;
' b=4'b1001; #5;
e e b =4'b1010; #5;
| b(3ZU) 9(3:0) b=4"b1011; #5;
b =4'b1100; #5;
b=4'b1101; #5;
b=4'b1110; #5;
b=4bl111; #5;

end
initial
begin
#100 $finish;
end
endmodule
rut a
b3 b2 bl b0 g3 g2 gl 20
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 ] 0 0 0 1 1
0 0 1 1 0 0 1 0
0 ] 0 0 0 1 1 0
0 1 0 1 0 1 1 I
0 1 1 0 0 L 0 1
0 | 1 1 0 1 0 0 ;
i 0 0 0 1 1 0 0
] 0 1 0 1 1 1 1
B 0 1 1 l 1 1 0
i ] 0 1 1 0 ] I
1 _ 1 1 0 1 0 0 1
1 I 1 1 1 0 0 0

'. ﬂ, )E 4'»0001 Y an00t0 ) 4boot1 X 4bd100 ) 400101 X 4bO10 X 4%0iH X 401000 X

Principst—
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IPCC BEC302 Digital System Design Using Verilog Lab

[op Module Code for Binary (o
Excess3

module binary to_excess3 (b,e);

input [3:0] b;

output [3:0] e;

assign e = (b==0) ? 3: (b==1) ? 4 (b==2)
2 5: (b==3) ? 6: (b=4) ? 7: (b==5) ? &:
(b==6) ? 9: (b==7) ? 10: (b==8) ? 1l:
(b==9) ? 12: (b==10) ? 13 : (b==11) 7 14:
(b==12) ? 15: 4'bzzzz,

endmodule

b(3:0) &(3:0)

Testbench Code for Binary to Excessd

module binary to_excess3_test;
reg [3:0] b;

wire [3:0] e;
binary to_excess3 uut(.b(b), .e(e));

initial
begin

b =4'b0000; #5;
b =4'b0001; #5;
b =4'b0010; #5;
b =4'b0011; #5;
b =4'b0100; #5;
b=4"b0101; #5;
b=4'b0110; #5;
b=4'b0111; #5;
b =4'b1000; #5;
b=4'b1001; #5;
b=4'b1010; #5;
b=4'b1011; #5;
b=4'b1100; #5;
b=4'b1101; #5;
b=4'b1110; #5;

b=4'bl1111; #5;end

initial
begin
#100 $finish;
end
endmodule
Truth Table
Inputs Outputs
b3 b2 bl b0 e3 e2 el el
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 | 1 0
0 1 0 0 0 | 1 1
0 | 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
1 0 1 0 | 1 0 |
1 0 1 1 1 1 | 0
| ] 0 0 1 | 1 1
1 1 0 1 z z z z (\’fb(fo‘y
] ] 1 0 z z z Z
: 1 1 1 z 2 E z principal —
= VADIRAJA '
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IPCC BEC302
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Testbench Code for Excess3 to Binary
module excess3_to_binary_test;

Top Module Code for Excess3 to
Binary

module excess3_to_binary (e, b); reg [3:0] e;
input [3:0] €; wire [3:0] b;
output [3:0] b; excess3_to_binary uut(.b(b), .e(e));
assign b = (¢==3) 9 0: (¢==4) ? 1: (=) initial
9 2: (e==6) ? 3: (e=T7) T & (e=8) ? 5: begin
(e==9) ? 6: (e==10) ? 7 : (e==11) ? & e =4'b0000; #5;
e =4'b0001; #5;

{C'_': 1 2) ? (J 4"02222;

endmodule e =4'b0010; #5;

e =4'b0011; #5;
e =4'b0100; #5;
e =4'b0101; #5;
e =4'b0110; #5;
e =4'b0111; #5;
e =4'b1000; #5;
e =4'b1001; #5;
e =4'b1010; #5;
e =4'b1011; #5;
e =4'b1100; #5;
e =4'b1101; #5;
e =4'b1110; #5;
e=4'b1111; #5;
end

initial

begin

#100 $finish;
end
endmodule

Prine

FrinCipa— ¥

SHRIMAD} |“J';::'?Di

IHSTITUTE Of Jl-""l 1'"': :?Mﬂ
wh 2K :'MNrQGEJ"r'ifNT
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SANTAKAL 278 qn = s
AN ’J_r"lh_“f1 13
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IPCC BEC302 Digital System Design Using Verilog Lab
Truth Tabl
| Inputs Outputs
e3 e2 el el b3 b2 bl b0
0 0 0 0 Z z z z
0 0 0 | z Z zZ z
0 0 1 0 z z z z
0 0 1 1 0 0 0 0
0 I 0 0 0 0 0 t
0 | 0 1 0 0 | 0
0 I 1 0 0 0 : 1
0 1 g 1 0 1 0 0
] 0 0 0 0 1 0 1
] 0 0 | 0 | 1 0
| [0 1 0 0 1 I |
| | 0 1 1 1 0 0 0
1 L1 0 0 1 0 0 1
1 1 0 1 1 0 1 0
1 | 1 0 1 0 | 1
1 | | 1 | 1 0 0

100 ns
= BA 0]

{IE]

U2

ol

= BAc30]
e
2
‘uim
ol

- | | oAl NN NN A

ss3 to Binary

40

7
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Digital System Design Using Verilog Lab

Experiment No: 5

AIM: To realize using Verilog Behavioral description: 8:1mux, 8:3encoder, Priority encoder

Top Module Code for 8:1 MUX Testbench Code for 8:1 MUX
module 8_1_mux(Y, I, S); module 8_1_mux_test;
output Y; reg [7:0] I;
input [7:0] I; reg [2:0] S;
input [2:0] S; wire Y;
always@ (S, I) 8_1_mux uut(.I(L), .S(S), .Y (Y));
begin initial
if (S==3" b000) begin
Y=I[0]; S=3'b000; I=8'b10010001; #10;
else if (5==3" b001) SeAbeuL 10
oy
else If (S=37b010)  Mpyy, Senematic $=3'b100; #10;
=2k S=3'b101; #10;
else if (S==3"b011) [T S=3'b110: #10;
Y=l3); ke " 1| s=3b111; #10:
else if (S==3' b100) vl
Y=I[4]; — 5(20) initial
else if (S==3"b101) =55 begin
Y=I[5]; #100 $finish;
else if (S==3'b110) end
Y=I[6]; endmodule
else if (S==3"bl11)
Y=I[7];
else Y=1"bZ;
end
endmodule
Truth Table
Inputs Output
0 0 0 10
0 0 1 I1
0 I 0 12
0 1 1 I3 q().iw
1 0 0 14
I 0 1 15 Prifcipal
| 1 0 16 SHRIMADHWA VADIRAJA
| 1 | 17 INSTiTUT OFTECHNDIGGY 8 MAMAGTMINT
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Digital System Design Using Verilog Lab

Testbench Output for 8:1 MUX
Now: |
mt,m"’ : f_ns_t__.{ e v ey T i o Al
Top Module Code for 8:3 Encoder Testbench Code for 8:3 Encoder
module 8 3 encoder(Y, D); module 8 3 encoder_test;
input [7:0]D; reg [7:0] D;
output [2:0]Y; wire [2:0] Y;
reg [2:0] Y, 8 3 encoder uut(.D(D),.Y(Y));
always@ (D) initial
begin begin
case(D) D=8'b00000000; #10;
8'b00000001: Y=3'b000; | RTL Schematic D=8'b00000010; #10;
8'b00000010: Y=3'b001;| [— D=8'b00000100; #10;
SHOOOL00 Y-S0 1) Y20)— | swoootonon i
8'b00001000: Y=3'b011; ’ ’
8'b00010000: Y=3'b100; D=8'b00100000; #10;
8'b00100000: Y=3'b101; b e,
8'501000000: Y=3'b110; D=8'b10000000; #10;
8b10000000: Y=3'b111; snd.
endcase 22;1?11
R #100 $finish;
endmodule end
endmodule
Truth Table
Inputs Outputs
D7 | D6 D5 D4 D3 D2 D1 DO Y2 Y1 YO0
0 0 0 0 0 0 0 i 0 0 0
0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 1 0 0 0 1 0
0 0 0 0 1 0 0 0 0 1 |
0 0 0 1 0 0 0 0 1 0 0
0 0 | 0 0 0 0 0 1 0 1
0 | 0 0 0 0 0 0 1 1 0
1 0 0 0 0 0 0 0 1 | 1
)
B l'vnmmm o
:ssrnu'.ml:ﬁﬂ?w:ga‘r 8 MANAGEMENT

o vinthama Nager, Uduypi Oist.
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IPCC BEC302 Digital System Design Using Verilog Lab
Testbench Output for 8:3 Encoder
Now:;
100 ns
@ DEviz0) o0 (3
w LoD fu1.. { B500000000

module 8 3 priorityencoder(Y, I, en);
output [2:0] Y;

input [7:0] I;

input en;

reg [2:0] Y;

always(@ (en, I)

begin

if (en==1)

begin

if (1[7]1==1) Y=3'b111;
else if (1[6]==1) Y=3'b110;
else if (I[5]==1) Y=3'b101;
else if (I[4]==1) Y=3'b100;
else if (I3]==1) Y=3011; | _ |,

else if (I[2]==1) Y=3'b010; boioe

— 7.0

RTL Schematic

¥(2:0) —

else if (I[1]==1) Y=3'b001;

module 8 3_priorityencoder_test;
reg [7:0] L;

reg en;

wire [2:0] Y,

8 3 priorityencoder uut (.en(en), .I(I),
Y(Y));

initial

begin

en=1;1=8'b I XXXXXXX; #10;
[=8'b0 1 XXXXXX; #10;

[=8'b00 1 XXXXX; #10;
1=8'b000 1 XXXX; #10;
1=8'b0000 1 XXX; #10;
I=8'b000001XX; #10;
[=8'b0000001X; #10;
1=8'b00000001; #10;

else Fm.d. |
Y=3'000; I‘i’;’;
end #100 $finish;
else Y=3'bzzz;
end
end endmodule
endmodule
Truth Table
Inputs Outputs
17 |16 I5 14 13 12 Il 10 Y2 |Y1 Y0
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 X 0 0 1
0 0 0 0 0 1 X X 0 1 0
o 1o 1o o |1 [x [x [x o |1 |
0 0 0 1 X X X X 1 0 0
0 0 1 X X X X X 1 0 1
0 1 X X X X X X 1 1 0
1 X X X X X X X ] 1 1
Principal 1! TP
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Digital System Design Using Verilog Lab

Experiment No: 6

AIM: To realize using Verilog Behavioral description: 1:8Demux, 3:8 decoder, 2 —bit Comparator

Top Module Code for 1:8 Demux
module 1 8 demux (i, s2, sl, s0, y);
output [7:0] y;

input i, s2, s1, s0;

reg [7:0] y;

Testbench Code for 1:8 Demux

module | _8 demux_test;

reg i, s2, sl, s0;

wire [7:0] y;

| 8 demux uut(.i(i),.s2(s2), .s1(s1), .s0(s0),

always@ (i or s2 or sl or s0) YY)
begin initial
case ({s2, sl,s0}) begin
0: y[0]=1; i=0; #10;
1: y[1]=i; i=1; s2=0; s1=0; s0=0; #10,
2: y[2]=i; §2=0; s1=0; s0=1; #10;
3: y[3]=1: $2=0; s1=1; s0=0; #10;
4: y[4]=i; §2=0; s1=1; s0=1; #10;
5: y[5]=i; s2=1; s1=0; s0=0; #10,
6: y[6]=i; s2=1; s1=0; s0=1; #10;
7: y[7]=i; s2=1; s1=0; s0=0; #10;
I ' s2=1; s1=1; sO=1; #10;
end ?n_d_
endmodule m1t1‘al
begin
#100 $finish;
end
endmodule
Truth Table
Inputs Outputs
S2 | S1 SO Y7 |[Y6 |YS |Y4 |Y3 [Y2 |YI YO0
0 0 0 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 i 0
0 1 0 0 0 0 0 0 i 0 0
0 1 1 0 0 0 0 1 0 0 0
1 0 0 0 0 0 i 0 0 0 0
1 0 1 0 0 i 0 0 0 0 0
[ I 0 0 i 0 0 0 0 0 0
1 1 1 i 0 0 0 0 0 Q
o P incipal
ufsn:r:nfgf;ﬁfﬁiﬁ’f@{fm
.’s,.':'.-.-'r-r::,_,r.:;: "‘\;‘;:r:!‘ ﬁé"'lﬂ?:".?ﬁhﬁm
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Digital System Design Using Verilog Lab

module 3_8 decoder(Y, D);

output [7:0] Y,
input [2:0] D;

t h fi
module 3_8_decoder_test;
reg [2:0] D;
wire [7:0] Y,

reg [7:0] Y; 3 8 decoder uut(.D(D),.Y(Y));
always@ (D) initial
begin begin
case(D) D=3'b000; #10;
case(D) D=3"0001; #10,
3'5000: Y =8'b00000001; D=3'b010; #10;
3'5001: Y =8'600000010; D=3'b011; #10;
3010: Y =8'b00000100; D=3'5100; #10;
3'b011: Y =8'b00001000; D=3'b101; #10;
3b100: Y =8'500010000; i e
3b101: Y =8'b00100000; D=3b111;#10;
3'b110: Y =8'601000000; d
3b111: Y =8'b10000000; tnifial
begin
endloase #100 $finish;
end
end
endmodule "
Truth Table
Inputs Outputs
D2 [DI |D0O |Y7 |[Y6 |Y5 |Y4d |[Y3 [Y2 |YL |Y0
0o 10 o [o Jo [o [o o Jo Jo 1
0 |0 1 0 o |0 Jo |0 o I 0
0 |1 0o |0 Jo |o Jo o I 0 0
0 |1 I 0o o |o Jo I 0 |0 0
[ o [o o Jo Jo I 0o |0 |0 0
I o 1 0 o |1 Jo Jo |o o 0
I |1 0 |0 |1 0o |0 |0 Jo [0 0
-1 I | 0o |0 Jo Jo Jo o 0 iy
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Digital System Design Using Verilog Lab

Now:
100 ns
Wi

el

W

ww

1 RiE
j i &

W

s
o
)
0
9
0
0
0

um

Top Module Code for 2-bit comparator
module comp 2(a, b, greater, lesser,
equal);

output greater, lesser, equal;

input [1:0] a,b;

reg greater, lesser, equal;

module comp_2_test;

reg [1:0] a,b;

wire greater, lesser, equal;

comp 2 uut(.a(a), .b(b), .greater(greater), .
lesser(lesser), .equal(equal));

always@ (a or b) initial
begin begin
if (a>b) a=0; b=0; #100;
begin a=5; b=2; #100;
greater=1; lesser=0; equal=0; a=2; b=5; #100;
end a=5; b=5; #100;
else if (a < b) end
begin initial
greater=0; lesser=1; equal=0; begin _
érid #100 $finish;
else end
begin endmodule
greater=0; lesser=0; equal=1;
end
end
endmodule
Truth Table
Inputs Outputs
al al bl b0 a>b a<b a=b
0 0 0 0 0 0 1
0 0 0 1 0 1 0
0 0 1 0 0 1 0
0 0 1 | 0 1 0
0 1 0 0 1 0 0
0 1 0 1 0 0 |
0 | | 0 0 | 0
0 ] 1 1 0 | 0_
TYye
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IPCC BEC302 Digital System Design Using Verilog Lab

1 0 0 0 1 5 .
1 0 0 0 l 5 .
1 0 1 0 0 = 1
1 0 1 I 5 1 L
1 1 0 0 : : )
1 1 0 1 1 : :
1 1 1 0 ; - .
1 | 1 1 ; - x
— a(1:0) equal |—
greater
— b{1:0) lesser -—
RTL Schematic
Lestbench Output for 2-bit comparator
Now; B a "
sl e B e e

el

: ‘[!l'grealerm
& Dial)
Ty %b{l:ﬁ]
(
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Digital System Design Using Verilog Lab

Experiment No: 7

AIM: To realize using Verilog Behavioral description:

Flip-flops: a)JK type b)SR type ¢)T type and d)D type

0 for JK Fli
module jk_ff (j, k, clk, q);
output q;
input j, k, clk;
regq;
always@ (posedge clk)
case ({j.k})

2’ b00: g<=q;

2'b01: q<=0; B
27bl0: g<=1; — clk
2'bl1: q<=~q;
endcase | — g
endmodule

Testhench Code for JK Flip Flop
module jk_ff test;

reg j.k.clk;

wire q;

Jk_ffuut(j(G), k(k), .clk(clk), .q(q));
initial

begin

clk=0;

1=0; k=0; #10;

J=0; k=1; #10;

j=1; k=0; #20;

i=1; k=1; #5;

end

always #3 clk=~clk:

initial

begin

#100 $finish;

end

endmodule

Top Module Code for SR Flip Flop.

module sr_ff (s, r, clk, q):

Testbench Code for SR Flip Flop

module sr_ff_test;

output q; reg s,r,clk;
input s, r, clk; wire q;
reg q; sr_ffuut(.s(s), .r(r), .clk(clk), .q(q));
always(@ (posedge clk) initial
case ({s,r}) begin
27 b00: g<=q; clk=0;
27b01: q<=0; ] =0, =0, #10;
27b10: g<=1; . s=0; r=1; #10;
2bllqe=z; | 1 s=1; r=0; #20;
’ _, s=1; r=1; #5;
endcase s end
Shimarule always #5 clk=~clk;
RTL Schematic mitial
 — begin
#100 $finish;
end
endmodule
Top Module Code for T Flip F;l_gg e_ T FI M___q_n _
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module t_ff (t, reset, clk, q);

Ulglital aysltlll eslgil Uslilly vETHNuUg LdD

module t_ff test;

output q; reg t,reset,clk;
input t, reset, clk; wire q;
reg q; t_ffuut(.t(t), .reset(reset), .clk(clk), .q(q));
always(@ (posedge clk) always #5 clk = ~clk;
begin e initial
if (reset) clk begin
q —
q<=0; | clk=0;
else reset v=t
e
ges=gy | = t ’
else L] t=0; reset=0; #10;
q<=gq; - :L; #100;
end RTL Schematic
endmodule Lmtl.al
egin
#100 $finish;
end
endmodule
Top Module Code for D Flip Flop Testben
module d_ff (d, reset, clk, q); module d_ff test;
output q; reg d;
input d, reset, clk; reg reset;
reg q; reg clk;
always@ (posedge clk) wire q;
begin d_ffuut (.d(d), .reset(reset), .clk(clk),
if (reset) -q(q));
.f | Mt ;
q<=0; ' elk ql 1n1tial. begin
else clk=0;
q<= d, . d= 0;
end reset =1;
endmodule - reset jlog;
__________________________ rosot = 0:
RTIL Schematic #100;
d=1;
end
always #5 clk=~clk;
endmodule

Yrcoy
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Truth Table for J K Flip Fl
clk J K q
t 0 0 q --No change
1 0 1 0 --Reset
1 1 0 1 --Set
t 1 1 ~q --Toggle
Truth Table for SR Flip Flop
clk S R q
1 0 0 q --No change
1 0 0 --Reset
f 1 0 1 --Set
t 1 X --Indeterminate
le for
clk reset T q
t 0 0 q --No change
t 0 I ~q --Toggle
1 1 0 0 --Reset
1 1 1 0 --Reset
ruth Elip Fl
clk reset D q
t 0 0 D -- Input
t 0 1 D --Input
t I 0 0 --Reset
1 1 1 0 --Reset




IPCC BEC302 Digital System Design Using Verilog Lab
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IPCC BEC302 Digital Sgstem Design Using VeriloE Lab

Iruth Table for J K Flip Flop
clk J K q
t 0 0 q --No change
t 0 1 0 --Reset
1 1 0 1 --Set
t 1 1 ~q --Toggle
Truth Table for SR Flip Flop
clk S R q
! 0 0 q --No change
t 0 1 0 --Reset
1 1 0 | --Set
1 1 1 X --Indeterminate
Truth Table for T Flip Flop
clk reset T q
1 0 0 q --No change
t 0 1 ~q --Toggle
1 1 0 0 --Reset
1 1 1 0 --Reset
Truth Table f
clk reset D q
1 0 0 D -- Input
t 0 1 D --Input
t 1 0 0 --Reset
t 1 1 0 --Reset
F’r;’ncie;i"%’i"_‘
Dept. of ECE, SMVITM, Bantakal, Udupi INSTITUTE 0 ecmniogy g m‘;:ﬁmw Page 31

Vishummtbimm - &1



IPCC BEC302

Digital System Design Using Verilog Lab

Experiment No: 8

AIM: To realize Counters-up/down (BCD and binary) using Verilog Behavioral description.

Mo e for 4-bit Binary

Counter

module binary_counter
(clk,rcset,up_down.load,data,count);
input clk,reset,load,up_down;
input [3:0] data;

output [3:0] count;

reg [3:0] count;
always(@(posedge clk)

begin

if(reset)

count <= ()

else if(load)

count <= data;

else if(up_down)

h Bi

Counter

module binary_counter_test;

reg clk;

reg reset;

regup_down;

reg load;

reg [3:0] data,

wire [3:0] count;

binary_counter uut (.clk(clk), reset(reset),
.up_down(up_down), load(load),
.data(data), .count(count));

initial begin clk = 1'b0;

0 -bi

count <= count + 1; repeat(30)
else #3 clk=~clk;
count <= count - 1; end
end initial begin reset=1'b1;
endmodule #7 reset=1'b0;
#35 reset=1'bl;
— data(3:0) count(3:0) — end
initial begin
1clk #12 load=1'b1;
#5 load=1'b0;
~| load end
initial begin
e #5 up_down=1'bl;
—{ up_down #24 up_down=1'b0;
i end
RTL Schematic initial begin
L — data=4'b1000;
#14 data=4'b1101;
#2 data=4'b1111;
end
endmodule
M for 4-bi DU p nch 4-bi
Counter Counter

module bed_counter (clk, reset, count);
input clk, reset;
output [3:0] count;

reg [3:0] count;

Dept. of ECE, SMVITM, Bantakal, Udupi

module bed_counter_tb;
reg clk, reset;
wire [3:0] count;
wire [3:0] tmp;
mTral
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IPCC BEC302 Digital System Design Using Verilog Lab
s . i i A 0 A A G AN Rt B

reg [3:0] tmp; bed counter uut(.clk(clk), .reset(reset),
always(@(posedge clk) .count(count));

begin initial begin

if(reset) clk =0;

begin R forever #5 clk = ~ clk;
count <= 4'b0000; | __ | end

tmp <= 4'50000; i el r initial begin

end | reset =1;

else - reset #10 reset =0;

tmp <=tmp + 1; | RTL Schematic #200;

if (tmp==4'b1001) Sfinish;

begin end

tmp <= 4'b0000; endmodule

end

count <= tmp;

end

end

endmodule

Testl hQ for 4-bit Bi Up/D C
Now:
80 ns
& & counif3 0]
S
o
M eount)
2 counto]
Mup_donn
Melk
Miosd
Ml resel
& Blosin
A dataly
M datalz)
2 datalt)
A datalt)

Nowv: | ;
310 ns
= counl[:{:_é] 5
1N counti2)
N counti2]
I.I'lt:oumi‘_ij | '
SEo
= Htmpi3 0l
e,
1 reset

Princlpat .
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IPCC BEC302

Digital System Design Using Verilog Lab

Demonstration Experiments

Experiment No: 1

AIM: Verilog Program to interface a Stepper motor to the FPGA/CPLD and rotate the motor in

the specified direction (by N steps).

module stepper(clk,dir,reset,dout);

input clk, dir, reset;

output [3:0] dout;

reg [3:0] dout;

reg [3:0] shift;

always@ (posedge clk)
begin

clk_div=clk_div+l;
currentstate=nextstate;

end

always@ (posedge clk_div[15])
begin

if (reset==0)
shift=4"b0001;

else if (dir==1)
shifi={shift[0], shift[3:1]};
else

shift={shift[2:0], shift[3]}:
dout=shift;

end

endmodule

UCF File

NET “clk” LOC = “p52”

NET “dir” LOC = “p74”

NET “reset” LOC = “p76”
NET “dout<0>" LOC = “p84™
NET “dout<1>" LOC = “p85”
NET “dout<2>" LOC = “p86”
NET “dout<3>" LOC = *p87”

|

Nif S
L)

i

Frintipal
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IPCC BEC302 Digital System Design Using Verilog Lab

Experiment No: 2

AIM: Verilog programs to interface Switches and LEDs to the FPGA/CPLD and demonstrate its
working.

module led_switch (led, switch);
output led;
input switch;

assign led=switch; @Y‘Z’;Cﬂ

endmodule . i, -
; Principal
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[PCC BEC302 Digital System Design Using Verilog Lab

CONTENT BEYOND SYLLABUS

|. Consider the function f'shown in the Karnaugh map below. Implement this function. d is
don't-care, which means you may choose to output whatever value is convenient.

1y 1 1 0 d

2. Suppose you are designing a circuit to control a cellphone's ringer and vibration motor.
Whenever the phone needs to ring from an incoming call (input ring), your circuit must
either turn on the ringer (output ringer = 1) or the motor (output motor = 1), but not
both. If the phone is in vibrate mode (input vibrate mode = 1), turn on the motor.
Otherwise, turn on the ringer. Try to use only assign statements, to see whether you can
translate a problem description into a collection of logic gates.

3. Implement the following circuit:

X[|3] yis]  x(2] y2] Xllll Y[|1] X(0] ¥(0]

FA FA FA FA

sum(4] sunlm[S] surL[2} surtm{l] sur:1[0]

Prinetpal
SHRIMADHWA VADIRAJA
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Expenment No l . ! I Dale Qolhlrla ]

Mm: To ___:__a:,_tmpwm the gtven  Boolean  exprssions and

Yi = A'R' tAB +A'R.

Yo = (AtR) (A8

Y3 = A+ ps! + A'B! + AR
Y4 = AR + B! +AC!
Y5 = ARc+ RC

Y6 = pAp+ ACCD+D')

Y1= (Bd+ A'D)(AB' +¢p')

¥8 = Alec+ AR + ARC! +ARC

Top Modwde  Pogramn  for  Boolean  Expression :

module ool (A &,c,D,Yg,Va 13, ¥4 Y5 N6, YT,¥8)

fnput A,B,.(.Dy S S
loukput YA ¥Q Y3 V4 Y6 Ve V], ‘f% .

assegn Y=A o —
asstgh  Y3=14 - S
asstgn Y4 = (B.& L‘U@) I LLNH) dﬁ Ve )) LA
__assegn. ¥Y6= C&(AIB); R
Lanben. Y6 = ﬁ__&.ae,.m_)_;_ EA—— o
anbegn. N =4, e e el
Osstgn Y8 = (,8 &m | C(wm;& ______ C f\a___.(.)J - N
endmodule

TTestBench wode  for  Boolean Expressiom ——

L YLNR, Y3, V4 N5, Yo, VT, V8,

" SMVITM, BANTAKAL W%’ﬂi—J F’aqe No f
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bool uut (-A(A),.B(B),.c (Ag.DLD),.Y1LYL), .
(Y4), . ¥5(¥5),. Ye(Ye) . ¥Y2(Y$) . NR(Y8));
thittal
begin
Bz D) B=0} =0, D=0,
thd
always
_begun
#10 D=1p;
A0 c=l¢,
40 B=1p,

Date

Y2(Y2),.¥3(Y3),.Y4

SMVITI, BANTAKAL

Principst
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=p'(B+a')+ALB48) =

o )
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