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DIGITAL SYSTEM DESIGN USING VERILOG
B.8., VI Semester (OPen Elective)

'r '-.,rnqu, =, 
-Y*fft#Y*iT fuJttu-l( ( r L_uur. -' "-"'--:'_:' --

\"pbSf gllecturc Hou.sTfVeJt<: I Og I 
Exarn Marks: 80

Totat Number of Lecture Hours: L1L (08 Hrs pe.rqq4USI l_E"gll Uoutrs: 03
Nurnber of Lecture Hours/Week

CRtrDITS _ 03

Course objectives: '['hrs cottl'se u,iLl en:rbie sttLclents to:

r Ltpclr.rstand the conc)epts ot'Verilov l,anguage. . Design the tligttal systcrlls ils .ln ar:[ivity jn il

lru'ge,t- s-\'stems clesign contcxt. . Stucly the clesign ancl operation o1'semiconrluctor metnories

1'r-cc1r.rently used in applicati<.rr-i sper:itic digital s-vstem. o lnspect hou, ef'tectively IC's are embedclecl in

pacl<age ancl assernbled rr-r PCB's Ibr different npplication. . Dcsign arLd cliargrrosis of processtlrs ittltl

i/O .o,-rtroliers usecl in ernbecldecl systems.

i Module 1 RBT
Level

lntroduction arra Methodology, Oigirrl Syiiems and-Ernbettdetl Slstetirs. Real'Worltl L1. L2.

Circr-rits. Models, Design Methodolog, (1 l, f .S to 1.5 of Text). lt-S
I

Combinational Basics: Combinational Components and Circuits, Verilication of

Combinational Circuits.(2.3 and 2.4 of Text)

Sequential Basics: Seqr-rential Dat.:rpaths arnd Ccrntrol Clocked S,Vnchrot-tt-rr-rs Tin-ring

1 \lethodelogy (a 9 !p lll.s, l,{{qp to lLf ,1ry4L___- --r-
Module -2

Memories: Concepts, Memory Types, Error Detection aucl Corrcctiort (Clrap 5 ol"l'ext) Ll . L'2,

L.l

Module -3
I hnplementation Fabrics: Integratccl Circr,rits. Programrnabie l,ogic: [)evice's, Packaging L'2

i-Lnd Circ

t

urt boarcls, Interconnection and Signal rntegrit-1, (Cha1; b ol"l'cxt)

Modu1e -4

IIO interfacing: I/O devices, l/O controllers, Parallel Buscs,

sol'trvare (Chap B of Text).

S,'r',rrl 't ,,,,,t,niit,",i r/0

L

Design
i ss rres

Module -5

Methodology: Design flou,, Deslgn optirnrzation, Design lot'te st, Nontechnicarl

(Chap 10 of Text).

i c""ri* 
"utc"m;;; 

Afi;""itvGg ti'rF,.rl*=". *i.l,1.,-rt= r.vill be iLblc to:

. Constrr-rct the cornbina[ion:1l circr-rits, using discrete gates ilncl progranrtnabie logic clevices.

r L)cst ribe Venlog moc1e1 1c.;r sequt-r'rtial circuits and test par.ttern generartiotr. . Design a

st.urir:orrclr-rctor rnetnor.y lirr specifit: chip clesigtr. . Design ernl,rcc[clcd svstc]Ir-ts usir-rg smarll

microcontrollers, larger OPUs/DSl's, or hard or sof,t processor cores. . SJ.nthesize diflerent 11,pes of

proccssor a!4 l/O qltnlrr-rllers !!qt :rfq Useci in t'1,]lS4{l4 slrstn!rl

Question paper pattern:
.'lfrr: cluestion paIler r.vi11 have te n questions. . I'lach fuli C)ucstior-i cortsistit-rg of 1b ttr:Lrl<s. 'i'hcrc.'

will bc 21irlI questions (rvit1-r a mer-xilnurn o1'T}-Lree sub cllrestions 1l-orri eatch rnoclulc. .liach fi-t11

cluestrorr rvt1l have sub queslions covering nl1 the topics undcr a nroclr-lle. . The students r'vill havc to

i l + 9 )y-q r q tullqu !]L!lq gld q1!! t iqg q l 9-U11-qu 
q gqql,{rq!tsqq! n19 !!!1 l e-

Text tiook: Peter J. Ashenrlen, "Digital Design: An trmbeclclecl S.r,sterns Approach Using Vtri?lLOC",

E It'sr it r ._lO I O,

Mr. Kunjan D. Shinde
{ry i g t a It Pro_le_qlq r, DS pt . oJ_p_& C E JEqqry, 

.F llye * "gg 3' ,\

*v,'
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tr)r$grfl m Lutcomes {i}-{-}s}

i',;iginetrtr"ag {,Jmrc{tl*tcs rq'ill ltt: ",u!'tl* tttl.

lisllliimcpluls, apil ap engine*l'inu spccialization tr.l tltt: soluliort *l" c*nipie," cngill'":cl"iltg

llnrirlcnts"

, l, li r Ii"lrl scirtl*cs" iLllrl cl tl.i ltceri t tpl :;*'ri*tlccs"

ib{}}. $}r:sign/r1,evefupruent of s*lu{igns: Design soIutions lor **urplr;x *tigit'lt*t'itt* l;t'',1'ii.rtt::.;

tilrr.l l{esign s1-stenr cofilpouents or processes that meet thr specilred llcecls rvilh app|opl'iiltc

r(]psiilLration trbr the public health al:d safelv- and 1lr* ctlllll"a1. stcit,:1al. atrd *lrvirr.llxlllllll:il

i.'t irllitlcraLions.

rr,::rri:*.ch llclho.is inctrrirtiir:* cl*lig"n o1- expcrinrcnts. rnal'n lis atll{ ir:tcIp|ctaeioll *1. i1litrlt, l;ilrl

:r\ illh(sis ol'1hc inlcrtratii,ltl to pl"r.rl'ide vaiid concittsiotts.

l!{}5" h,lodern to*l u$fiUe: Creille. sclee t. ancl appl3' apprili:rill* tccill'riqtt*s. l"r${}lll'f(r::'- :.t1::r1

:r'-,Iir i1i*s llith rn uttclcrstrtntliug t,i'thr: 1imitations"

I r'rtt.'E'iz* angim**r' ;tlxr! $(,cietl': ;\ppl1' r*asttttit-tu ittlill'tli,":r..1 \,',", \itr- tr'rllttxlrl- I I

it:.!1,!s soe i*1a1. l:citltir. s11'ct1,, icgal iln<.1 ci.rltural issrtcs liilr..i ilt* f,{)il:;oql.lt"llll rcstrriri;:;iiriliii':r:'

lclcr arrl 1o lhc pl'ol'essiutratr ctlginccring pr^actice'

1 lr srrst;ii rtilblc dcvtir.rpttr*t'lt.

lr{.}li. },lt}rics: 1\p}ll} ethir:al principlcs ar"ld cornnrit lo pr^r;illrsiorral cthils ttrtl ri:sPr.rttsil)ilitics ltfid

Ll{}i"nls o{' tir* ertginccri Itg, pi"aclic*.

P{}9" Intlivir.lual itnd lcmnt rvtlrlt: I':uncliotr el1'ectir*1-r' rs

l crrr]*r" i n d i,' c r:;e lt'atttr" L: t:il itr rtl rt l l ir-i i sr": i p l illarl sclt i illtr,.

,ijt1tr11. {,]llrrurmuraic ra4"it'txt^: I lotntnitnic;rt,': r:ltriciir":1I o;r ci

.ririr("t'rin$, {,)(itillut-}i11,;titd rl'illr stlci*l! irt lal"ge" sucl: *s"

. 1 .,'"'l i \ L l't'll( )r t r ltt rd rlcsi grt rlllctltnctrtittit;tl, nraltc cI'licti l'';

cl,:al' lns{ ructiolrs.

rn it:ril.,'irlt*tl. ttntl';t:,

', .. 
" ".', 

tl.il '.r"t'

t,.l, :,;',t.1',', l"i1 t:

an.1 i*r:* it. ,-:



lclrder in il te;ilti, to tlrillr;r;1* proi*i-:1s llt:d ir: nrtlltieiisciirlinal'3'cttl'il'ontncntr's'
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ECB graduates rvill bc able to:

IrSOl. Analyzc anc'l c'lesign analog & digital circuits or s)'stenls fbr a giverl specillcrttiotr attcl

lirnctiou.

pSO2. lmplen-rent functional blocks of hardware-softr,vare co-clesigr.ts for signal 1lt'occssitlg allcl

communication applicatiotls.



Disital Svstem Design using Yerilog

Subject Code: 15EC663

Prerequisites:

Basic knowledge of Digital Electronics,Verilog HDL.

Course Outcomes:

col Construct the combinational circuits, using discrete gates and programmable logic

devices.

c02 Describe Verilog model for sequential circuits and test pattern generation.

co3 Design a semiconductor memory for specific chip design.

co4 Design embedded systems using small microcontrollers, larger CPUs/DSPs, or hard or

soft processor cores.

co5 Synthesize different types of processor and I/O controllers that are used in embedded

system.

Course Outcome to Program Outqome Mapping:

1: LOW 2: MEDIUM 3: HIGH

PO I 2 3 4 5 6 7 8 9 10 11 t2 PSOl PSO2

col 3 2 I 2 ", I
co2 2 2 3 2 3 2
c03 2 2 3 2 3 2
co4 2 2 3 3 3 2
co5 2 2 2

,,
2 1

PIaned 2.2 ) 2.4 2.2 2.6 1.6
Attained

Questionnaires for CO

Can you construct the combinational circuits, using discrete gates and programmable logic devices.

Are you able to describe Verilog model for sequential circuits and test pattern generation.

Are you able to design a semiconductor memory for specific chip design.

Are you able to design embedded systems using small microcontrollers, larger CPUs/DSPs, or hard

or soft processor cores.

Can you synthesize different types of processor and I/O controllers that are used in embedded

system.

\

t:
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D. Modes of content delivery:
The following are the various content delivery methods considered in the program:

o M1: Lecture delivery with discussion (blackboard teaching)

o M2: Tutorial (problem solving / discussions classes)

o M3: Presentations (PPT)

o M4: Experimental demonstration

o M5: Remedial Classes ( Extra Classes)

o M6:Animations video files

Lesson Plan

Department of Electronics and Communication Engineering

Semester: VI

I 
Ho*.l*eet: r-r-p 

I 
or-oo-oo 

il 
rorrl arrrr, 

| 
+o 

I

I *o* Marl<s/ credits I gol: I u, uortu, I zo I
illiltt

l ru,,on ptan Aurhor: 
I M::#:1,*J,fffih, I 

ou,otion orExam: 
I 
o: ,,, 

I

A. Course P""".qririt"rt Strdms should have the fundamental knowledge qf

I Basics of Dieital electronics I Digital Electronics I l5EC33 I tlt I

C. Course learning objectives (CLOs):

CLOl Understand the concepts of Verilog Language

CLOZ Design the digital systems as an activity in a larger systems design context

CL03 Study the design and operation of semiconductor memories frequently used in application

soecific disital svstem

CLO4 Inspect how effectively IC's are embedded in package and assembled in PCB's for
different anolication

CLO5 Design and diagnosis of processors and VO controllers used in embedded systems.
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Introduction and McthodologSr: Digital Systems and Embedded Systems, Real-world
circuits, Models, Design Methodology rr.r, i.3 to 1.5 of Text).

combinational Basics: Combinational components and circuits, verification ofCombinational Circuits.(2.3 and,2.4 of Text)

Sequential Basics: Sequential Datapaths and control clocked Synchronous TimingMethodology (4.3 up to 4.3.1,4.4 upto^4.4.1of Text).

08 hrs

08hrs

Module -2

n and Correction (Chap 5 of Text
Module -3

Implementation Fabrics: Integrated circuits, Programmable Logic Devices, packaging
and circuit boards,Interconnection and signal int.gi"it/1Chap 6 of rext).

Module -4

I/o interfacing: Iio devices, I/o controllers, Parallel Buses, Serial Transmission, I/osoftware (Chap 8 of Text).

Design Methodology: Design flow, Design optimization, Design for test, Nontechnical
Issues (Chap l0 of Text).

D. Course Syllabus:

Part -A

scheme of continuous rnternar Evaruation (cIE): As per vru norms
Question paper pattern:

Text Books:

1. Peter J. Ashenden,

Elesvier,2010.

Internal Assessment Examl
Intqrnal Assessrnent-Exail7
Improvemerrt-

Total

"Digital Design: An Embedded Systems Approach Using VERILOG,,,
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E: Course Outcome (COs):

After studying this course, students will be able to:

col Construct the combinational circuits, using discrete gates and programmable logic devices.

c02 Describe Verilog model for sequential circuits and test pattern generation.

c03 Design a semiconductor memory for specific chip design.

c04 Design embedded systems using small microcontrollers, larger CPUs/DSPs, or hard or soft

processor cores.

a

cos Synthesize different types of processor and I/O controllers that are used in embedded system.

F: Programme Outcomes addressed to the course (POs)

Irrtr-T-- |

G: Gaps in the syllabus to meet Industry requirement:

1.

),.

)

l
'' .'''''''''''''''',''''''''''.,,,,,,,,,,,,,,,1

I

i

H: Topics Beyond syllabus / Advanced Topics:

Il^ ,

I: Assessment Methodologies:
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At the end of the topic, the students will be able to,
1. Explain the benefits of digital approach..
2. Design various combinational logic circuits. ,
3' Design data path and control section in the digital circuits.

Review Questions:
1. What is meant by the term fanout?.
2.what are the two sources of power consumption in a digital component?
3' what are the TTL output voltage levels, input threshord voltages and noise margins?4' what is meant by the terms setup time, hold time and crock-to-output time of a fl ip-flop?.5. For a decoder with inputs (a2, ar,a0), write the Boolean equation for the output

corresponding to the code word 100.
Critical Questions:

I Identify two approaches to functionar verification.
2 what information is specified for each port in a ver,og module?3 If verification fails during some stage of a design methodology, what action istaken?

4 Develop a Verilog model for a 4_to_l multiplexer.
5 How does a priority encoder solve the probiem of multiple inputs being I at thesame time?

Challenging euestions :

I Develop a Verilog model for a 7-segment decoder.2 Design an encoder for use in a domestic burglar alarm that has sensors for each ofeight zones' Each sensor signal is 1 when an-intrusion is detected in that zone, and0 otherwise' The encoder has three bits of output, encoding the zone as follows:Zone l: 000 zone 2: 001 Zone 3: 010 Zone +i ott zone 5: 100 Zone 6: l0l zone7: ll0 Zone g: lll
3 How can we construct a2-to'l multiplexer for 5-bit encoded data inputs?

lssue/ Rev. No:3.0/R0 Datet 15lt2l2ot6
Form No: R/pp-03/TUA-06

Topic Level plan

Topic Learning Outcomes:

Topic Name : Introduction and Methodology, Combinational
basics, Sequential basics

Module No : 0l
Duration: 8 Hrs

Topic Level Objectives(TlOs) :

1' To understand the basic ideas of digital abstraction and digital circuit elements.

i ]: 1::::,11combinl ]oTl 
logic circuits starting with Boorean algebra.

=4r, 
;;:;;;",nting events.Tnnin f ao--i-

w



PES Institute of TechnologY and
Management

lssue/ Rev. No: 3.0/R0 Dare:tSlL2l20t6 Page: 5 of 10 Form No: R/PP-03/TI|A'06

Topic Name : Memories:
Module No : 02

Duration: 08 Hrs

Topic Level Objectives(TlOs) :

l. To understand the use of memories.

2. To understand the features of semiconductor memory.

3. To understand the techniques for dealing with errors in the stored data.

Topic Learning Outcomes:

At the end of the topic, the students will be able to

1 . Explain the use of memories and various types of memories.

2. Explain the particular features of each type memories, including SRAM, DRAM,

ROM and flash memories.

3. Solve the problems related to memory error detection and correction.

Review Questions

l. What are the three states of a tristate driver?

2. How do memory components with tristate data outputs simplify construction of large

memories?

3. What is the difference between RAM and ROM?

4. What is the difference between static and dynamic RAM?

5. What benefit does a multiport memory have over a single-port memory with

multiplexed address and data connections?

Challenging Questions :

1. How does a FIFO facilitate communication of data between clock domains?

2. How can we work out what will happen if we perforrn concurrent writes to a given

location in a synchronous dual-port memory?

3. Using a Hamming code, how many check bits are required for single error correction

and double-error detection for 4-bit data words?

4. What corrective action can we take when aparity error is detected?

5. Compute the 12-bit ECC word corresponding to the 8-bit data word 01100001.
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At the end of the topic, the students will be able to
1' Distinguish: FPGA, cPLDs and ASIC used for implementing Digital circuits.2. Explain: The purposes of logic blocks urd'yo utocts in an FpGA
3. Explain: The factors affecting packaging and signal integrity

Review Questions:

1. What is photolithography in IC manufacture?
2. How do IC area and defect density on a wafer affect IC cost?
3. What do the terms ASIC andASSp stand for?
4. How does a prograrnmable logic device differ from a
5. What is a fuse map?

Critical Questions:

fi xed-function component?

1' use the following components to design a 4-digit decimal counter with a 7-segment
LED display: two 74LS3g0 dual decade counters, four 74L547 BCD to 7-segment
decoders, four 7-segment displays, plus any additional gates required.2' Derive an expression for the short -circuit trans conductance Gm of the Mos cascade
amplifier.

3' If an FPGA uses volatile sRAM cells to store configuration information, how is the
configuration information stored and supplied to the FPGA?

4' For a 2'5v low-voltage differential signating (LVDS) output, the nominal vol andvoH voltages are l'075v and 1.425Y, respectively. what differential voltage swing
is seen at the receiver?

Challenging Questions :

1' Design a priority encoder that has 16 inputs, I[0: l5]; a four-bit encoded output, zl3:01;
and a valid output that is I when any input i, i. rrprt I[0] has the highest priority, andI[15] the lowest priority. The design is to be implernented in a GAL227locomponent.2' Use the following components to design a 4-digit decimal counter with a 7-segment

LED display: two 74LS3go dual decade countlrs, four 74L547 BCD to 7-segment
decoders, four 7-segment displays, plus any additional gates required.

Topic Level PIan

Topic Learning Outcomes:

Topic Name : Implementation Fabrics Module No : 03

Duration: 08 Hrs
Topic Levet 0bjectives(Tlog :

l ' To know about different range of integrated circuits used to implement Digital circuits2. To understand programmable logic Devices
3' 

I^::f::l"l 
the important characteristics of integrated circuits and printed circuit

vusr qvrwr rrLrvD (Jr rutgBl,atco clrcul

cir.uit designs.
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Topic Level Plan

Topic Name zl/O Interfacing
Module No : 04

Duration: 08 Hrs

Topic Level Objectives(TlOs) :

1. To understand the operation of Different I/O Devices

2. To understand Operation I/O Controllers.

3. To Design a verilog model for different I/O devices.

Topic Learning Outcomes:

At the end of the topic, the students will be able to

l. Define: Sensors and Actuators

2. Explain: Working of communication

3. Design: Verilog models for VO

protocols.

protocols like UART,I2C and SPI.

interfacing by using various communication

Review Questions:

1. What is a sensor? What is an actuator?

2. Why would a digital system require a digital-to-analog converter?

3. How many comparators are required in a flash ADC with a resolution of 8 bits?

4. What is the difference between a solerioid and a relay?

5. What is the purpose of an input register in an I/O controller? What is the purpose of

an output register?

Critical Questions:

1. Write a Verilog statement to model a tri-state driver for an output net d_out. The

driver is controlled by a net d_en, and when enabled, drives the value of an input d_in

onto the output net.

2. In a multiplexed bus system, why might it be desirable to subdivide the multiplexers

and distribute them around the chip?

Challenging Questions :

1. Show how a 64-bit data word can be transmitted serially between two parts of a system.

Assume that the transmitter and the receiver are both within the same clock domain, and that

the signal start is set to I on a clock cycle in which data is ready to be transmitted.

2. Design an interface to connect an embedded Gumnut core to a remote temperature sensor.

The temperature sensor is an Analog Devices AD74l4 with an I2C connection and an alert

output that can be connected to a warning indicator.
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l.Explain: the concept term architecture exploration
2.Discuss: the importance Design for test models.
3.Distinguish: between rogical partitions and physical partitions.
4'Identify: some advantages and disadvantages of formal verification over

simulation-based testing.

5.Explain: the purpose of floor planning, placement, and routing.

Review Questions:

l. What is meant by the term architecture exploration?
2' What is the distinction between logical partitions and physical partitions of a system?
3. what are the benefits of reusing an Ip block to implement a component?
4. Briefly describe the purpose of floor planning, placement, and routing.
5' Why should clock gating not be implemented in RTL model code? How is it better

implemented?

Critical Questions:

1' Describe the difference between code coverage and functional coverage. Which is
more important for ensuring correctness of a design?

2. How does IDDe testing detect transistor stuck-on faurts?
3- what pu{poses do LFSRs and MISRs have in signature-based BIST?
4. Identify some of the main stages in a product,s rife cycle.

Challenging Questions:

Identify a means of improving system performance that we might consider in the
architecture exploration stage. What trade-offs arise from improving performance?
Synthesize and implement the Sobel accelerator design targeting a Xilinx XC3S200-5
Spartan-3 FPGA with a clock frequency of 100MHz (that is, a clock period of l0ns).
Design the control section to sequence computation of the derivative image.

l.

)

J.

Topic Level PIan

Topic Learning Outcomes:

At the end of the topic, the students will be able to

Topic Name : Design Methodology Module No : 05

Duration: 08 Hrs
Topic Level Objectives(TlOs) :

1. To understand Digital design flow in detail
2. To understand Behavioral model of a component.

3. To understand Design for test models
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Activity Schedule

Activities Announcement

Date

Submission

Date

Evaluation

Date

HOD's

Remarlis

Assignment

Quiz

Course Seminar

Course Project

Subject Proficiency

Test/Skill Test

Note: Faculty shall conduct ninimum of two o the five activities stated above

Course Articulation Matrix
Course

Learning

Outcomes

Activities that meet the ,

outcomes

Program Outcomes

Assignment, quiz

Assignment, quiz

Assignment, quiz

Assignment, quiz

Assignment, quiz

L: Low M: Medium H: High

Level of achievement of prografitme outcome

PO Description

A of
the

Engineering knowledge: Apply
fundamentals, and an engineering

mathematics, science, engineering

solution of complex engineering

the knowledge

specialization for

B

Problem analysis: Identify, formulate, research literature, and analyse complex
engineering problems reaching substantiated conclusions using first principles
of mathematics, natural sciences, and engineering sciences.

Design/dev.lon
and design system components or processes that meet the rp."ifi.d needs with
appropriate consideration for public health and safety, and cultural, societal, and
environmental considerations.

C

D

contextual

consequent

Lonouct rnvestlgatlons of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation oi dutr,
and synthesis of t h e information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, ffid
modern engineering and IT tools, including prediCtion and modeling to complex
engineering activities, with an understanding of the limitations.

The engineer and so

knowledge to assess societal, health, safety, legal, and cultural issues and the
responsibilities relevant to the professional engineering practice.

E

F
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G
Environment urrq su
engineering solutions in so"i"tul and environmental contexts, and demonstrate the

Ethics: Apply 
. 
ethical principles and 

"o*it to professional ethics andresponsibilities and norms of the engineering practice

Individual and team work: Frn"tio
leader in diverse teams, and in murtidisciplinary s"tiings.

H

I

J

\'r'u,,,'rcarlon: uommurucate ellectively on complex engineering activities with theengineering community and with t h e society at--\arge, such as, being able tocomprehend and write effective reports and desigi documentatiorl matce effective

Projectmanagementandfinance:Demonstrat.t""("
engineering and management principles.and- ,pply these to one, s own work, as amember and leader in a team, to munug.iprojects^urra in multidisciolinarv environmenrc

K

L
Life-long learning: Recognize the need for, and have the preparation and ability to engage inindependent and lifeJong learning in the broadest context of technological change.
t: IChecklist:

Remarks by HOD:

Faculty signature & name with date:

ilt ftilii*,iil,::r*nst

SI.

No.
Items HOD's Remarks

1 Assignments D

2 Quiz Questions !
3 I.A. Q Paper /Evaln.

a^L^*^^
n

4 Syllabus Copy !
5 PPTs/OHP sheets D

6 Lesson Plan n
7 VTU Question Papers !
8 Attendance book n
10 GATE/PGCET Question

papers
!

11 Course Project

Definitions
D

t2 Tutorials tr

HOD's Signature &
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PES Institute of Technology and Management

Dept. of Electronics & Communication Engineering

Digitat System Design using Verilog - 15EC663

Question Bank

Module I
1. What is meant by thc lcnn I'anoutP.

2. What are tltc two sources ol'power consumption in a digital componentP

3. \\rhat are the TTL output voltagc levels, input threslrold voltages and noise marginsP

4. What is meant by the terrns setup timc, hold time and clock-to-output time of a fl ip-

IlopP.

5. For a decorler with inputs (a2, al, a0), write the Boolean equation for the output

corrcsponding to the code word 100.

6. Idcntily two approaches to f'unctional verification.

7. \A4rat information is specified for each porf in a verilog modulep

8. If verification fails during some stage of a design methodology, what action is taken?

9. Develop a Verilog moclcl for a 4-to-1 multiplcxer.

10. How rloes a priority cncodcr solvc the problem of multiple inputs being I at thc samc

timei)

I l. Dcvclop a Verilog rnotlcl fbr a 7-segment decoder.

12. Design an encoder for use in a domestic burglar alarm that has sensors for each of cight
zones. Each sensor signal is I whcn an intrusion is detected in that zorre, and 0

otherwisc. The cncodcr has three bits of output, encoding the zone as follows: 7-one l:
000 Zone 2: 001 7'one 3: 010 Zone 4: 01 I -l,one 5: 100 Zone 6: 101 Zone 7 : ll0 Zone
8: 111

Module 2

l. What are the three states of a tristate driverP

2. How do memory components wi[h tristate data outputs simplify construction of large

memorics?

3. \\4rat is the dillerencc between RAM and ROMI)

4. \Aftat is the diflercnce bctween static and dynamic RAMp

5, What benefit does a multiport memory have over a single-port memory with
multiplcxed address and data connectionsP

6. How does a FIFO facilitate communical-ion ol'data between clock domains?

7, How can we work out wltat will happen if we perform concurrent urritcs to a given

location in a synctrronous dual-port memoryi)

8. Using a Hamming code, how many ctrcck bits arc required for single error corection
and double-crror detection for 4-bit rlata wordsi)

9. what correctivc action carl we take when a parity error is cletected?

10. Compute the l2-bit trCC word corrcsponding [o thc 8-bit data word 01100001.



Module 3

l. What is photolithography in IC manufacture?

2, How rlo IC arc:r and <lcl'cct densiq, on a wafer afl'ect IC cost?

3. \A/hat do thc tcnns ASICmd,4,f.9Pstand forP

4. How <locs a prograrrunable logic device differ from a fixed-function component?

5. \44nt is a lusc mapi)

6. Use thc lirllowing cornponcnts to design a 4-digit dccimal counter wittr a 7-segment

LED display: two 74LS390 dual dccade counters, four 74L547 BCD to 7-segrnent

decoders, Ibur 7-scgmcnt displays, plus any additional gates required.

7 . Derive an expression lbr thc short -circuit trzrns conductance Gm of the MOS cascade

amplifier.

8. If an FPGA uscs volatilc SRAM cells to store configuration infonnation, how is the

configuration inlbrmation storcd and supplied to the FPGA?

9. For a 2.5V bw-voltage dill'erenti:rl signzrling (LVDS) output, the nominal VOL and

VOH voltages arc 1.075V and 1.425V, respectively. Wtrat differential voltage swing is

seen at the receiverP

10. Dcsign a priority encoder that tras 16 inputs, I[0:15]; a four-bit encoded output, 213:01;

an<l :r valitl output that is I when any input is l. Input I[0] has t]re highest prioriq,, and

IJlSl thc lowcsl" priority. Thc design is to be irnplementetl in a GAL22VI0 component.

11. Use the Ibllowing componcnts to design a 4-digit decimal counter with a 7-segment

LED display: two 74LS390 duirl dccadc counters, fbur 741,547 BCD to 7-segmcnt

decoders, four 7-segment displays, plus any adclitional gates required.

Module 4

1. \44rat is a scnsorP \\4rat is an actuatorP

2. Why would a digital system require a digital-to-analog converter?

3. How rnany comparators are required in a flastr ADC witJr a rcsolution of 8 bitsP

4. What is the differencc betwccn a solenoid and a relayP

5. What is the purpose of an input register in an I/O controller? What is the purposc of

an output rcgistcr?

Write a Vcrilog statcmcnt to rno<lcl a tri-staLc <lrivcr for an output nct d_out. Thc driver

is controlled by a net d_en, and when enabled, drives the value of zrn input d_in onto

the output net.

In a multiplcxed bus system, why might it be desirable to subdivide the multiplexcrs

and distributc them around the chipi)

Show how a 64.-bit data word can bc transmittcd scrially bctwccn two parts of a system.

Assumc that thc transmittcr and tlrc rcccivcr arc both within the same clock domain,

and that the signal start is set to 1 on a clock cycle in which data is ready to be

transmitted.

Design an interfhce to connect an embedded Gumnut core to a remote temperature

sensor. The temperature sensor is an Analog Devices LD7 414 with an I2C

connection zrn<l an alert output that can be connected to a warning indicator.

6.

7.

8.

9.



Module 5

l. What is rncant by thc term architecture explorationi)

2. What is thc tlistinction bctwccn logical partitions and physical partitions of a systemP

3. What arc thc bcnclits of'reusing an IP block to implcmcnt a componentP

4. Briclly <lcscrillc tlrc purposc of floor planning, placernent, and routing.

5. Wtry slxruld clock gating not be implemented in RTL model code? How is it better

implerncntc<li)

Describc thc <lillcrcnce befiveen code coverage and functional coverage. Which is

morc irnportiurt lbr cnsuring corectness of a designi)

How docs IDDQ tcsting detect transistor stuck-on fauls?

What purposcs do LFSRs and MISRs have in signature-based lllSf i)

Identify somc o[ thc main stages in a product's lif'e cycle.

Identify a mcans ol'irnproving system perfbrmance that we might consider in the

architecture exploration stage. What trade-ofl's arise from improving performancei)

Synthcsize and implcrncnt thc Sobel accelerator design targeting a Xilinx XC3S200-5

Spartan-S FPGA with a clock liequency of 100MHz (that is, a clock period of lOns).

Design thc control scction to scqucncc computation of the derivative image.

,,\)
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I a. Define the terms setup timo, hold time and clock to output time of a flip-flop and what are

the constraints imposed by the$b parameter on the circuit operations. (05 Marks)

b. Develop veriology module for 7 segment decoder. Include an additional input 'blank' that

overrides the BCD input and causes all segmentst;,ilot to be lit. (06 Marks)

c. Explain functional verification and formal verification for a verilog module (05 Marks)

bn
2 a. What are the effects of capacitive loading and propagation delay on signal

between logic levels?

Develop verilog module for 4 : I ,MUX. ,',",.i

Explain general view of digital system with data p$h mntrol section.
. .r.r:, ,i. i::::

'i,l,t. 
l,;.11,,;... .,11. ,t,.,,,'',,

Design a 64k x8 bit composite mem-ory uSing four 16k x Slbit components and also explain

how memory components with tristdte data outputs simplify the construction of larger

4a.
b.

Explain asynchronous static R{1v,1*t t,::rg diagrams.

'lt: 
': OR :'

ftite a note on multiport memories.

Explain error detection and correction with one example.

",rModule-3

5 a. Explain different types of PCB Jcs:gn.

b. Explain implementation fabrics for digital system based on integrated circuit.

c. What are EMI and cross talk?
,],

'lr'

OR

Briefly explain progiammable array logic. (08 Marks)

Explain signal,,integrity issue in L'CB design and also explain measures to reduce these

issues. ,,, (08 Marks)

,,,,.,1-,, I of 2
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i a. Explain the serial transmission of 64 bit data withld clock domain with timing diagram.

rrtr . (08 Marks)

b. Explain the following serial interface standardS for connecting I/O devices.

i) RS232 ii) Fire wire. (08 Marks)

CIR

8 a. Explain any 4 analog sensors. (08llarks)

b. Explain the concept of multiplexed buses (08 Marks)
t'

,ii,, Mocllde-s 
"

9 a. Explain logical partitioning and physical partitionin$'of a transport monitoring system.
(08 Marks),(uo ^rlar

b. Explain fault m-odel and fault simulation. ,' , (08 Marks)

a

OR

l0 a. Explain 4 bit LFSR and CFSR for gbnerating pseudorandOm test vectors. (08 Marks)

b. fxpbin briefly area, power and tilnihg optimization in digital circuits. (08 Marks)

i':l1l'l

:::|

,;l,tlr ..ll, .
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Visvesvaraya Technological University, Belagavi

MODEL QUESTION PAPER

6th Semester, B.E (CBCS) - Open Elective

Course: 15EC663 - DlGlTAt SYSTEM DESIGN USING VERILOG

Time: 3 Hours Max' Marks: 80

Note: (i) Answer Five full questions selecting any one full question from each Module.

tii) Ouestion on a topic of a Module may appear in either its 1" qr/and 2'd questi

Module-1 Marks

L a What is Digital system? Explain how the Digital circuits are evolved over the times. 5

b Define the terms setup time, hold time and clock-to-output time of a flip-flop and what

are the constraints imposed by these parameters on the circuit operations?

5

c Owetop a Verilog model for a 7-segment decoder. Include an additional input, blank,

that overrides the BCD input and causes all segments not to be lit.

5

OR

2 a Develop a test bench model for the 3:B decoder. 6

b Vvith an example show the distinction between a Moore and Mealy finite-state machine

and also draw the corresponding state transition diagram

10

Module-2

3 a Explain Bidirectional tristate data connections . Design a 64Kx 8-bit composite

memory using four 16K x B-bit components using Bidirectional tristate data

connections.

8

b Dwel,op a Verilog model of the FIFO, which can store up to 256 data items of 16 bits

each using 256xl6bit dual port SSRAM for the data storage. The FIFO should provide

status outputs empty and.fult to indicate the empty and full status of FIFO and FIFO will

not be read when it is empty nor be written when it is full and that the write and the

read port share a common clock,

I

OR

4 a netign a circuit that computes the function !=ci x 1gz, where x is a binary-coded input

value and ci is a coefficient stored in a flow-through SSRAM. & ci and y are all signed

fixed-point values with 8 pre binary-point and 12 post-binary-point bits. The index i is

also an input to the circuit, encoded as a 12-bit unsigned integer. Values for x and i arrive

at the input during the cycle when a control input, start, is 1. The circuit should minimize

area by using single multiplier to multiply cibyx and then by

8

b What is a common cause of soft errors in DRAMs? Compute the 12-bit ECC word

correspondins to the 8-bit data word 01100001.

8

Module-3

a Explain different types of pCs design. How fast does a signal change propagate along a

Wpical PCB trace?

8



5 b ExpIaintheconceptdifferentialsignaling.Ho*
immunity?

8

OR

6

a Explain signal integrity interconnection issue in pCB design 6

b what is the benefit of allowing a PLD in a system to be reprogrammed? 5

c What distinguishes a platform FpGA from a simpie ftCat 5

Module-4

7

a Explain Digital-to-Analog Converters using R/2R ladder OaC 6

b write a verilog assignment that represents a tri-state bus ariver ror
an B-bit bus.

6

C Howdoestheprocessordeterminewheretoresumeprogram"*e@
of handling an interrupt?

4

OR

8 a Explain any four serial interface standards. 8

b DesignanddeveloptheVerilogcodeforaninputcontrolle@
input from a sensor. The value can be read from an B-bit input register. The coniroller
should interrupt the embedded Gumnut core when the input value changes. The
controller is the only interrupt source in the system.

8

Module-5
9 a Explain the design flow of hardware/software co-design 10

b What aspects of the design flow does a verification ptan coverZ 6

OR

10 a Explain Built-in self test (BISTI techniques. 8

b Explain the terms scan design and boundary scan 8
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Subiect & Codc : Digital System Design Verilog( l5EC663 )

Semestcr' :6'Sem,A&BDivision
Course Inshuctor : KDS \4\4

PES Instinrte of Technolory and Managemeng

NH-206, Sagar Road, Shivamogga'577204

Departrnent of Elecaonics and Communication Engineering

Int€mal Assessment I

M:x. Marks :30
Datc : 08/03/19

Timings : 1:30pm to 2:45pm

Sl.No

la
b

Qucstions

Note: Answer any onc full question from each module

Module I
With neat diagram cxplain cmbcdded system hardware and software co-desigrr COI

Explain the following rcal rvorkl constraints (i) logic levels (ii) capacitivc load and propagation COI

delay (iii) power

CO'S

col
co2

lJlooms Marks

levels

L2 O6M

t-3 09M

I-3 7M

t-3 8M

I"3 IOM

L2 5M

2 a With a neat diagram, cxplain digital IC design methodology. CO2 L2

b Design the traffic liglrt control system and write the testbcnch to Verify the conditions that, CO2 L3

rvhen the enable input is l, the output is the samc as the liglrt input, and whcn the enable

input is 0, all light outputs are inactive.(use one hot codes for lights ) l0Gred, 0lGyellow,

001- green ).
Module I

3 a Design a Verilog model for a 7-segment decoder. Include an additional input, blank, that

overrides the BCD input and causes all segments not to be lit. CO2

b Design a Vcrilog modcl of the implement complex multiplier with datapath & control unit. CO2

8M

7M

4 a Design a 64K x 8-bit composite memory using four l6K x 8-bit components.

b What is memory & explain the samc using symbol for basic memory component

{7 -.N@
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Questions (All are compulsory and carry I marks each)

which of the following is case scnsirive (a) vcrilog HDL (b) VHDL (c) both a a,d b (d) none
Which of thc following is nor a vcrilog daur type a) X b)0 c) 1 d) A
A variable 'sum' of B-bit is dclincd as a) [0:B] sum b) [B:0] sum c)sum IB:01 d) both a & b
One hot codes arc thc codes in which a) only one bit is 1 b) multiple bis arc I c) both a & b d) none
In verilog the integer datatypes ire defincd by using the key word (a) integer (b)real (c) Decimal (d) float
In moore machines the ouffrut depcnds on a) only state b) input and current state c) only input 4) none
Which of the following is not a keyword (a) module (b) trsk (c) endtask (d) disp
Which block has a scnsirivity lisr (a) initial (b) always (c) if-else (d) assigrr '
Noise margin high (NM,,) Noisc margin low (NM") :...............
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In verilog the integer datatypcs arc defined by using thc key worcl (a) integer (b)rcal (c) Decimal (d) float lMark
Irr moore machines the output depends on a) only statc b) input and current statc c) only input d) none lMark
Which of the Ibllowing is not a kcyword (a) module (b) task (c) endtask (<l) clisp lMark
Which block has a scnsirivity list (a) initial (b) always (c) if-elsc (d) assign lMzu.k
Noisc margin high (NM") Noise margin low (NMJ ;................ lMark
Full form of HDL lMark
Which of the following is casc sensirive (a) Verilog HDL (b) VHDL (c) both a and b (d) nonc lMark
Which of the following is not a verilog dara rypc a) X b)0 c) 1 d) A lMark
A variable'sum'of 3-bit is dcfi.ed as a) [0:Bl sum b) [B:0] sum c)sum tB:01 d) both a & b lMark
Onc hot codcs arc tltc codcs in which a) only one bit is I b) multiple biLs are I c) both a & b d) no,c lMark
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Intemal Assessment III
Subiect & Codc : Digiral Sysrem Design Verilog( l.5Ec66g )
Semester :6'Sem,A& B Division
Cource Inshuctor : Mr. Kunjan D Shindhe & Mr,Vishwanath Muddi
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Date

Timings

:30
:t5105/20r
: 1:30 to 2:45pm

Sl.No
Questions

Note: Answer any one full question from each module

Part-A
I a Explain serial interface standards

b Explain the operation of multiplexed bus & Tristate bus.

2 a Write a short note on I/O software

b Show how a 64-bit data word can be transmitted serially between two parts of a system.
Assume that the transmitter and the receiver are both *ithin the same clock aomuin, una
that the signal start is set to I on a clock cycle in which data is ready to be transmitted.

Part-B
Write a short note on l) area optimization 2) BIST

Explain architectural exploration and partitioning steps with an example.
Explain functional design and functional verification. .

With neat diagram explain prototypical design flow including hardware/software codesign.
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Subject&Code : DigitalSystem Design UsingVerilogHDL( 15EC663) Semester:6thSem,A& BDivision

Sl. No.

I

2

3

4

5

6

7

8

9

l0

Questions (All are compulsory and carry I marks each)
Fullform ol' lll)A
In hardware/soliwarc <'o-vcrilication used to test instruction sets.
serial communication r.rscs ----------number of buses to transmit data
Transducers are usc<l to irrtcract with
Exparrd DAC
In physical desigrring arrutging dill'erent blocks in a ordcrly manner is called as________planning
What is the other namc lbr intcrval timeri)
Each scgment of an LCI) consisLs ol_ material
The simplest I/O synclrronization mcchanism is called as

Multiplexer has ouputs. a)l b)2 c)3 d)n

lMark
lMark
lMark
lMark
lMark
lMark
lMark
lMark
lMark
lMark
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Subject& Code : Digital System Design UsingVerilogHDL ( 15EC663) Semester:6th Sem,A& B Division

sl.
I

2

3

4

5

6

fi

No. Questions (All are compulsory and carry I marks cach)
In physical designirtg arrzurging dill'erent blocks in a ordcrly manner is called as_______planning
What is the othcr namc lbr intcrval timer!)
Each segment of an LCD consists of' material
The simplest I/O synchronization mechanism is"called as

Multiplexer has____________ouputs. a)1 b)2 c)B d)n
Full form of EDA__
In hardwarc/software co-verification is used to test instruction scts.
serial communication uses ----------,number of buses to transmit daLr
Transducers arc used to interact with
Expand DAC_____
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